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Crafting Knowledge:
Artisan, Officer, and the Culture of Making in Chosŏn Korea, 1392–1910

Abstract

This dissertation examines the case of Chosŏn Korea (1392–1910) in the rise of new sciences and technologies across the early modern world (1550–1850). To date, historians have emphasized the convergence of artisanal and scholarly knowledge in the formation of new sciences and technologies during this period, especially for Western Europe. Recently, however, works by specialists of East Asia have led the global turn—i.e., investigating cases of artisanal empiricism outside Europe and appreciating them on their own terms. I build upon these works and go further with three methodological interventions: 1) a recognition of military workshops as sites of knowledge and material production, 2) a new, bottom-up understanding of craft knowledge that begins with the artisan, and 3) a global history of artifacts and knowledge that is anchored in Chosŏn Korea.
These interventions are borne out in my three-part dissertation, respectively. In the first part, “Workshop,” I demonstrate the culture of production at the arsenals and army manufactories of Chosŏn. The makers of this culture were a group of highly skilled yet socially marginalized practitioners—the artisans and their supervisors. The second part, “Epistemology,” then shifts focus to the ways of knowledge-making that arose from these practitioners. It demonstrates prototyping (kyŏnyang)—i.e., the use of drawings, models, numerical specifications, and writing to convey a craft idea—and traces how this epistemic practice formed first in the hands of the artisans, and then transformed in those of the military officers who supervised them. The third part, “Object,” continues to trace these workshops and workshop practices yet with an emphasis on the generative role of material artifacts. This final part centers in particular the global objects that entered Korea to be apprised and reconstructed by local practitioners: the matchlock gun in the 17th century. By following such objects into the Korean workshops, I show the interaction between foreign artifacts and domestic hands that entangled Korea into the material culture of the early modern world.
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Around 1711, a young talent named Ch’oe Ch’ŏnyak (崔天若, c.1684–1754) came up to the capital to take the military exam, aspiring to become officer at one of the divisions of Seoul. Ch’oe, however, failed this exam and ended up idling in a pharmacy: there, the story goes, he carved medicinal roots into artful shapes of dragons and mountains, and became known as an exceptional craftworker around Seoul.[footnoteRef:1] Remarkably, then, as court officials caught wind of his talent, Ch’oe found himself working in government workshops to sculpt jade seals for the royal family (Figure 1).[footnoteRef:2] And after deeply impressing his superiors, he became tasked with all kinds of technical work: by 1713, Ch’oe reenacted new astronomical instruments drawn in Jesuit scientific texts, while serving—as he had originally wished—as officer;[footnoteRef:3] in the next decades, the officer-craftsman would also make 40 more jade seals, chisel stone chimes, import brick-making techniques, build royal tombs, invent frog automata, manage a copper-mining operation, design new rulers, cast a human figure for acupuncture studies, and so on.[footnoteRef:4] [1:  	Yi Kyusang 李奎象, 18-segi Chosŏn inmulchi: Pyŏngse chaeŏllok 18세기 조선 인물지: 병세재언록 [Biographies of Contemporary Talents in 18th century Chosŏn], edited by Minjok Munhaksa Yŏnʾguso (Ch’angjak kwa Pip’yŏngsa, 1997 [originally 18th century]), 162: 余二十後赴京, 武擧不中, 時値辛亥大無. 行具盡, 進退難愁, 歇一藥局. 局人適棄蠹川芎. 余偶拔佩刀, 彫大芎一頭, 像山岳卉禽, 劃與芎勢, 隨手成功. 又刻一頭芎龍形, 與眞龍無異.]  [2:  	Sukchong In’gyŏng wanghu Inhyŏn wanghu Inwŏn wanghu chonsung togam ŭigwe [肅宗仁敬王后仁顯王后仁元王后]尊崇都監儀軌 [Royal Protocols for Honoring Queens In’gyŏng, Inhyŏn, and Inwŏn] (Chonsung togam, 1713), Kyujanggak Archives, Kyu 13267.]  [3:  	Sŭngjŏngwŏn ilgi 承政院日記 [Daily Records of the Royal Secretariat] (henceforth, SJW), edited by Kuksa p’yŏnch’an wiwŏnhoe (T’amgudang, 1961–1977), 1713/5+/15; Pibyŏnsa tŭngnok 備邊司謄錄 [Records of the Border Defense Council] (hereafter PT), edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1959–1960), 1713/9/19. For more, see Chapter 2.]  [4:   	An Taehoe 안대회, “Yŏngjo sidae kisulja Ch’oe Ch’ŏnyak 영조시대 기술자 최천약 [Technician Ch’oe Ch’ŏnyak of King Yŏngjo’s period],” Munhŏn kwa haesŏk 37 (2006); Kim Min’gyu 김민규, “18 segi chogakka Ch’oe Ch’ŏnyak yŏn’gu 18세기 조각가 최천약 연구 [An 18th century sculptor, Ch’oe Chŏnyak],” Munhwajae 46.1 (2013); Yi Chongbong 이종봉, “Chosŏn hugi Tongnae-in Ch’oe Ch’ŏnyak ŭi saengae wa kwahak kisul 조선후기 동래인 최천약의 생애와 과학기술 [The Life of Ch’oe Ch’ŏnyak from Tongnae and His Science and Technology],” Chiyŏk kwa yŏksa 43 (2018), 82.] 



[bookmark: _Ref36984343][bookmark: _Toc37456611]  Figure 1. Jade Seal. Made by Ch’oe Ch’ŏnyak and others, 1713. National Palace Museum of Korea, Seoul, South Korea.[footnoteRef:5] [5:  	Ch’oe introduced stylistic changes to the shape of the turtle’s head, which is much more intricately carved than previous examples. Kim, “18 segi chogakka.”] 



How did he do this? The question has gone ignored because Ch’oe has been considered a solitary genius—an isolated incidence in a society that otherwise debased manual skill. As the oft-repeated story goes, Chosŏn Korea (1392–1910)—where our officer-craftsman lived and worked—was an invariably barren environment for the development of crafts and techniques. Scholar-officials who dominated society were quick to dismiss manual traditions, and the heavy-handed government militated against the craftsmen, dictating every detail of their crafts. Living under these shadows, artisans and practitioners had little room to grow.[footnoteRef:6] [6:  	For a useful summary, see Kim Yung Sik, “Problems and Possibilities in the Study of the History of Korean Science,” in Beyond Joseph Needham: Science, Technology, and Medicine in East and Southeast Asia, ed. Morris Low (Chicago: University of Chicago Press, 1998), 60.] 

What historians have missed, however, is that there were many others like Ch’oe, and that these “handy minds” were in fact part of a greater story to be told about the cultures that produced them—not just within Korea but across many other societies in the global early modern (1550–1850).[footnoteRef:7] [7:  	I take the phrase, “handy mind,” from Lissa Roberts, Simon Schaffer, and Peter Dear, The Mindful Hand: Inquiry and Invention from the Late Renaissance to Early Industrialisation (Amsterdam: Koninkliijke Nederlandse Akademie van Wetenschappen, 2007).] 

In telling this story, I thus begin by challenging the narrative that renders Ch’oe and his likes “unthinkable” in Korea before the 20th century. The notion that Chosŏn was deficient in artisanal knowledge is one that feeds on the lack of information: to date, we have understood next to nothing about Chosŏn artisans, how they worked, and the ways in which their knowledge influenced that of their superiors. Thus, my dissertation does not just dispel the trope of the abject and uncreative Korean artisans (discussed below)—and the equally misleading myth about their abusive superiors. Rather, it erects in their stead a new appreciation for the local contexts, practices, and materials from which new craft knowledge could emerge and flourish. This means to reconstruct the “culture of making” in Chosŏn, where one can then situate Ch’oe and his likes squarely on their own terms.
The story that emerges is very much a local one, but I seek to understand it in relation to the rise of the new sciences and technologies across the early modern world. The latter is a history that used to stress Europe as the only “thinkable” place where talented practitioners could proliferate, and where world-stirring innovations would emerge fully-fledged. But in recent years, global historians of science have begun to adumbrate a shared world of knowledge and artifacts that entangled far-flung regions into connections, competitions, and intriguing divergences.[footnoteRef:8] I argue that a deep study of indigenous systems of knowledge—like that of Chosŏn—can go great lengths in building this new historiography with better and more local data. [8:  	Fa-Ti Fan, “The Global Turn in the History of Science,” East Asian Science, Technology and Society 6, no. 2 (2012).] 

The question, however, is how granular a picture we can paint of such a system, and whether it can deliver on its promises for better understanding the global network of which it was part. What does the Korean story have to offer? This dissertation answers in three parts, focusing on, respectively, the spaces, practices, and objects that birthed new craft knowledge in Chosŏn.
In Part I, “Workshop,” I set the stage by demonstrating the spaces of production in Chosŏn. The application of science and technology could happen anywhere—from a scholar’s armchair to a cook’s fireplace. But the places I bring to the fore are “formal” workshops where manual workers sought to create a relatively uniform artifact as demanded by their superiors. In recent histories that have expanded—and crumbled—the confines of the “workshop,” we have learned a great deal about the vernacular and nontraditional spaces where production could take place: a private studio in turn-of-the-century Shanghai may double as a chemistry lab, while the sacred forests of South Africa served as sites of knowledge production about insects and pestilence.[footnoteRef:9] [9:  	Clapperton Chakanetsa Mavhunga, The Mobile Workshop: The Tsetse Fly and African Knowledge Production (Cambridge, MA: MIT Press, 2018; Clapperton Chakanetsa Mavhunga, Transient Workspaces (Cambridge, MA: MIT Press, 2014). Also see Karsten Uhl, “Work Spaces: From the Early-Modern Workshop to the Modern Factory Workshop and Factory.” European History Online (2016): http://www.ieg-ego.eu/uhlk-2015-en.] 

I contend, however, that historians have declared the factory passé too early. Surely, we need not beat the dead horse and rehearse the West-centric story about the rise of machine-driven shops—and the ensuing era of mass manufacture. But while specialists of non-Europe have found other, unexpected realms of production, they have neglected a great many workshops in the preindustrial world that functioned much like modern factories yet without the abundance of machine tools and mechanization. These “manufactories” in the original sense of the word are indeed little studied in the non-West, and the problem is not so much with the nature of this inquiry, as our inability to “get to the shop floor” so to speak.[footnoteRef:10] This dissertation, however, demonstrates the Korean workshop with detail: at the arsenals and army manufactures of Chosŏn, we shall see, practitioners of various kinds—including artisans, soldiers, scholars, and military officers—came together to produce not just material goods, but a culture of knowledge exchange. In fact, this case study pushes us to reconsider assumptions about industrialization as springing wholly from 18th century Europe; it also recognizes a vibrant yet hitherto neglected milieu of craft knowledge in the global early modern. [10:  	It is ill-advised to search for European-style workshops in Asia. Surprisingly however, sometimes the story begins not so differently when we reverse the direction of inquiry: at least in continental East Asia, the norm of production was the centralized state-led manufactory (and probably for longer than in Europe)] 

But however detailed our view of the shop floor, the most exciting of stories develop when we understand the practitioners that worked there, and better yet, their actual practices of production, which encapsulate their knowledge. In Part II, “Epistemology,” I thus shift focus to the ways of knowledge-making that emerged through the workshop practitioners. Namely, this part interrogates the phenomenon with the following questions. What was the artisan’s way of approaching production? That is, how did the skilled person know what to make and how to make in Chosŏn? Did the managers who supervised the shop care to learn, take after, or build upon such practices of knowledge-making? How did craft knowledge form and transform through the continued entanglement of hands and minds?
These are venerable questions, and they have long concerned historians of science and technology. In fact, for early modern Europe, the exchange and convergence of knowledge between artisans and their learned counterparts has been put forth as the catalyst for the scientific revolution there—i.e., birth of the new experimental sciences. But historians are now contextualizing this story in global-historical terms—investigating East Asia, Southeast Asia, the Middle East, Latin America, and what have you, and the moment has also ripened for Korean practitioners to speak.[footnoteRef:11] To that end, I show, namely, that a new pattern of craft knowledge production began in the late Chosŏn: empirical knowledge at the hands of the artisans became absorbed and lifted into those of their superiors; and in their hands, the said knowledge then flourished into an empirical epistemology of its own and rippled across society. This is the artisan’s craft of “prototyping” (kyŏnyang 겨냥)—i.e., the use of drawings, models, specifications, and technical writing to convey a craft idea (changŭi 匠意). [11:  	Pamela H. Smith, ed. Entangled Itineraries: Materials, Practices, and Knowledges Across Eurasia (Pittsburgh: University of Pittsburgh Press, 2019); Federico Marcon, The Knowledge of Nature and the Nature of Knowledge in Early Modern Japan (Chicago; London: The University of Chicago Press, 2015); Dagmar Schäfer, The Crafting of the 10,000 Things: Knowledge and Technology in Seventeenth-Century China (Chicago: The University of Chicago Press, 2011); James Delbourgo, and Nicholas Dew, eds. Science and Empire in the Atlantic World (New York: Routledge, 2008); George Saliba, Islamic Science and the Making of the European Renaissance (Cambridge, MA: MIT Press, 2007).] 

Finally, a study of the culture of making cannot do without investigating its products. This does not mean simply to examine the logistical and conceptual problems that arise from translating knowledge into material. Contrary to common wisdom, making is an art of knowing in its own right, just as science—as Francesca Bray put it—“is not just knowledge about matter; it is also knowledge that comes through matter.”[footnoteRef:12] In tracing the objects that entered the Korean workshops, then, we can reveal anew the processes of knowledge-making that transpired in the practitioners’ hands. Part III, “Objects,” centers in particular the military artifacts that traveled from the early modern world into Korea. These artifacts carried old knowledge from afar as well as crystallized new ones locally. Following their passage into the hands of Korean artisans and their superiors reveals the processes of material translations and transformations that situated Korea within the early modern world.[footnoteRef:13] [12:  	Pamela H Smith, “Nodes of Convergence, Material Complexes, and Entangled Itineraries,” in Entangled Itineraries: Materials, Practices, and Knowledges Across Eurasia, ed. Pamela H. Smith (Pittsburgh: University of Pittsburgh Press, 2019), 5.]  [13:  	I take the phrase—“objects in motion”—from Paula Findlen, “Early Modern Things: Objects in Motion,” in Early Modern Things: Objects and Their Histories, 1500–1800, ed. Paula Findlen (New York: Routledge, 2013). Also see Daniela Bleichmar, and Meredith Martin, eds. Objects in Motion in the Early Modern World (Oxford, UK: John Wiley & Sons Ltd., 2016).] 


[bookmark: _Toc35765130][bookmark: _Toc35765200][bookmark: _Toc35765265][bookmark: _Toc37461019]Workshops, Trading Zones, and the Military

More needs to be said about the workshop. As noted above, the problem of “getting to the shop floor” is a difficult one indeed. But fortunately for us, some production facilities in Chosŏn lasted very long and left behind a significant documentation of their practices. This is especially true for the military workshops—production facilities in arsenals and army divisions—that constitute the backbone of this dissertation.
These spaces are worthy subjects of inquiry in their own right. For one, they formed vibrant centers of crafts and technology throughout the Chosŏn period. Also, as embodied by Ch’oe himself, these shops made much more than military artifacts and influenced other government works that ranged from construction to instrument-making and jade work, as well as changing material culture across society. The choice of subject matter has also to do with the unexpected wealth of data. At least for the late Chosŏn, we have the Garrison Records (Kunyŏng tŭngnok 軍營謄錄), a recently discovered corpus of daily entries that ran for three centuries (1615–1882).[footnoteRef:14] This included inter alia production logs that reveal the nature of production, the names and types of artisans involved, and the role of the supervising officers who served as managers. [14:  	The Garrison Records (lit. “Records of the Central Military Garrisons”; Kunyŏng tŭngnok 軍營謄錄) were kept by the central armies of Chosŏn—located in and around Seoul—for almost three centuries (1615–1882). A total of 689 books, these records are currently stored in the Jangseogak Archives in Seongnam (569 books) and the Kyujanggak Archives in Seoul (120 books). For a general overview, see Kunyŏng tŭngnok ŭi segye kirok yusanjŏk kach’i 군영등록의 세계기록유산적 가치 [Records of the Central Military Garrison and their Value à la UNESCO’s Memory of the World Programme], edited by Han’gukhak Chungang Yŏn’guwŏn Jangseogak 한국학중앙연구원 장서각 (Han’gukhak Chungang Yŏn’guwŏn Jangseogak, 2016). Sun Joo Kim was first in English scholarship to examine one of these sources—i.e., Records of the Pacification Division (Sunmuyŏng tŭngnok 巡撫營謄錄, 1811–1812). See her Marginality and Subversion in Korea: The Hong Kyŏngnae Rebellion of 1812 (Seattle: University of Washington Press, 2007).] 

But in situating these spaces in Korean and global history, it is important to clarify the term “workshop” and draw on a range of inspirations. As hinted above, the military shops that concern us were places of “formal” production that began to resemble in some ways the modern factory floor. But in defining the nature of these spaces, I by no means wish to limit our imagination by evoking present-day notions of the bleak, industrial workplace (not to suggest that this portrayal is always true). 
In Korea and elsewhere, the workshop can be defined as much more than just a physical infrastructure for material production. That is, I understand “work” as both manual and mental labor—or more appropriately, their entanglement; and “shop” as more than a simple sum of its parts (e.g., tools, facilities, and human bodies)—namely, a social and epistemological space that arranged skills, practices, matter, and knowledge.[footnoteRef:15] [15:  	For comparison, see Mavhunga, The Mobile Workshop, 21–3.] 

Defined in these broad terms, we can accommodate workshops of different kinds into our comparative understanding. As Africanist Clapperton Mavhunga shows, workshops can be identified not just by their walled compounds, but also their mobility: production can happen on-the-move in transient workspaces, which he defines as “an area, site, or space where mechanical work is being performed as and because the body is moving.”[footnoteRef:16] Workshops can also be found in domestic homes and private studios, where—as China historian Eugenia Lean has shown—“unlikely individuals devised unconventional, homegrown approaches to industry and science”—or as she terms “vernacular industrialism.”[footnoteRef:17] [16:  	Mavhunga, Transient Workspaces, 20. ]  [17:  	Eugenia Lean, Vernacular Industrialism in China: Local Innovation and Translated Technologies in the Making of a Cosmetics Empire, 1900–1940 (New York: Columbia University Press, 2020).] 

But what concerns us most closely is a specific type of workshop—one that produced what historians of science have termed “trading zone.”[footnoteRef:18] This protean concept originated in an anthropological study of Colombian markets, and spread through a history of high-energy physics.[footnoteRef:19] In my usage here, I take after historian Pamela Long who has adapted it compellingly for the early modern period. According to Long, trading zones are liminal arenas where experts of various occupations and social stations can meet and communicate, exchanging a piece of knowledge, term, or skill with each other. In the particular cases she examines—which are focused on Europe, this meant encounters between artisans and university-trained scholars, whereby “skilled people want to know something understood by someone who is learned, such as the meaning of an ancient Latin or Greek text, and learned people desire to know something about a practical skill, such as measurement, or drawing, or ceramics.”[footnoteRef:20] Despite differences in status and training, the two communities communicated via translations—not just “of one language into another, but perhaps as important, the translation of hitherto tacit knowledge of craft practices into verbal and visual forms.”[footnoteRef:21] Trading zones explain in part the scientific revolution of Europe, which resulted from the “eventual overlapping and blurring” of artisans and scholars, of hands and minds.[footnoteRef:22] [18:  	Pamela Long, “Trading Zones in Early Modern Europe,” Isis 106, no. 4 (2015). ]  [19:  	Michael T. Taussig, The Devil and Commodity Fetishism in South America (Chapel Hill, NC: University of North Carolina Press, 2010 [1980]), 126–39; Peter Galison, Image and Logic: A Material Culture of Microphysics (Chicago: University of Chicago Press, 1997), 781–844.]  [20:  	Long, “Trading Zones,” 843.]  [21:  	Ibid., 846.]  [22:  	Ibid., 844.] 

My intention is not to find European-style trading zones in Korea, but to redefine the concept once again for the military workshops in Chosŏn.[footnoteRef:23] The latter were trading zones in the sense of bringing together a wide-ranging cast of artisans, soldiers, officers, and some scholars. But theirs was arguably a different gathering of skill and knowledge that goes beyond the existing binary of the artisan and scholar. The social boundaries between the participants also remained firmer in Chosŏn—and we do not see the same success on the part of the Korean artisans with attaining literacy and rising to lay claims on scholarly forms of knowledge. These differences notwithstanding, Korean workshops too produced constant interactions that were “simultaneously conservative and innovative,” resulting at times with “social trespasses” and knowledge transfer.[footnoteRef:24] The said interactions did not just transform the participants who entered the trading zone, but their knowledge practices as well. [23:  	Three basic ingredients for the development trading zones can also be found in certain Korean workshops: 1) significant elite—if not state—interests existed to sponsor the production, 2) selective pressures to try out new technologies, and 3) coming together of individuals from different walks and training to produce, collaborate, and learn from each other in an era of pre-professionalism. Ibid., 842. Also see Michael E. Gorman, Trading Zones and Interactional Expertise: Creating New Kinds of Collaboration (Cambridge, MA: MIT Press, 2010).]  [24:  	Roberts, et. al., The Mindful Hand, xxiv.] 
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In recent years, our understanding of the scientific revolution has undergone a revolution of its own. Up until the 1980s, most historians of science still gave monopoly to elite scholars in early modern Europe as the sole progenitors of the new experimental sciences. This view, established firmly within the Anglophone historiography of science, adhered to a strict dichotomy between “craft” as “knowledge how” and “science” as “knowledge why,” and rejected the possibility that non-elite practitioners (artisans)—who gained knowledge through bodily labor and the manipulation of matter—could contribute to the revolution.[footnoteRef:25] [25:  	Pamela H. Smith, “Epistemology, Artisanal,” in Encyclopedia of Renaissance Philosophy (Cham: Springer International Publishing, 2018), 1.] 

Yet, building upon the works of early dissenters, a new generation of historians has documented the “mindful hand”—or the confluence of artisanal empiricism and scholarly knowledge—in the formation of the new experimental sciences.[footnoteRef:26] Doyen of this scholarship, Pamela Smith has even put forth what she terms “artisanal epistemology”: a way of gathering “experientially derived bodies of knowledge that can be employed rigorously and methodically to extend, categorize, innovate, and accumulate new knowledge.”[footnoteRef:27] [26:  	Ibid. Also see Roberts, et. al., The Mindful Hand.]  [27:  	Smith, “Epistemology, Artisanal,” 1.] 

The new scholarship has now become a mainstay in the scientific revolution literature. Yet, as its proponents recognize—and very much encourage, the questions need to be pursued further within Europe as well as contextualized across the global early modern:[footnoteRef:28] we still have much to learn about the said confluence of artisanal and scholarly knowledge and to what extent it transpired—or not—in other cultures. For instance, did artisans rise above their stations, bringing their empiricism to lay claims on scholarly forms of knowledge? Or did emerging scientists and engineers absorb, exploit, and distort artisanal knowledge only to advance their new practices? In what social, political, and cultural conditions did such entanglements grow or stagnate? [28:  	Pamela H. Smith, “Science on the Move: Recent Trends in the History of Early Modern Science,” Renaissance Quarterly 62, no. 2 (2009), 368–72.] 

These questions have begun to find answers in the globalizing field of the history of science, specifically, the new works on East Asia. For long, the assumption has held that artisanal knowledge in this region remained only at the hands of the practitioners, failing to “broaden up”—in the parlance of historian Kim Yungsik—into the realm of scholarly knowledge.[footnoteRef:29] This, as argued, was a crucial divergence that made the scientific revolution in Western Europe, not in East Asia. [29:  	Kim Yung Sik, Questioning Science in East Asian Contexts: Essays on Science, Confucianism, and the Comparative History of Science (Leiden; Boston: Brill, 2014), 153.] 

But recent works have also begun to understand artisanship in East Asia on its own terms—i.e., outside the telos of modern, Western science. China historian Dagmar Schäfer, for one, examines the works of scholars and craftsmen in the Ming (1368–1644), emphasizing how the former codified the latter’s knowledge through the writing of technological treatises.[footnoteRef:30] From another perspective, Dorothy Ko also documents the rise of “scholar-artisans” in the subsequent Qing dynasty (1644–1912) who practiced artisanal skill, such as the techniques of making inkstones, alongside their scholarly pursuits.[footnoteRef:31] [30:  	Schäfer, The Crafting of the 10,000 Things.]  [31:  	Dorothy Ko, The Social Life of Inkstones: Artisans and Scholars in Early Qing China (University of Washington Press, 2016).] 

The historiography on East Asia has ample room to grow. While focused on craft knowledge, most still begin their narrative—not from the artisans themselves—but from the scholars who arrogated their knowledge. This means that the locus of our understanding is still in the armchair of the scholar, rather than the atelier of the artisan. Historian Jacob Eyferth has put it more plainly: “the study of technology is still too often the study of texts, with little consideration for how such texts reflected or informed actual practice.”[footnoteRef:32] [32:  	Jacob Eyferth, “Craft Knowledge At the Interface of Written and Oral Cultures,” East Asian Science, Technology and Society: an International Journal 4, no. 2 (2010), 185.] 

Another limitation is the tendency to shuttle between the oppositional worlds of the scholar and the artisan. The encounters between these two subjectivities have been well-illustrated for Western Europe, and the move is commendable to specify how similar developments may have occurred in East Asia with intriguing differences. But as historian Kaijun Chen reminds us, we must also recognize the important role of mediators and middling experts who straddled both worlds.[footnoteRef:33] [33:  	Kaijun Chen, “The Rise of Technocratic Culture in High-Qing China: a Case Study of Bondservant (Booi) Tang Ying (1682-1756)” (PhD diss., Columbia University, 2014). Also see Chen Kaijun 陳愷俊, “Yi wei ji shu guan liao de zi wo xiu yang: du tao guan Tang Ying de wen hua chuang zuo he ji yi xi de 一位技術官僚的自我修養—督陶官唐英的文化創作和技藝習得 [The Self-cultivation of Technocrats: Tang Ying’s (1682–1756) Cultural Production and Skill Acquisition],” Gu gong wen wu yue kan 364 (2013). His study addresses the Qing bannermen who—like our officer-craftsman Ch’oe—had a foot in the literate world of elite scholars but another in the hands-on world of non-elite practitioners.] 

Finally, not unrelated to these issues is the overwhelming focus on China. The rediscovery of this indefatigable source of history has led the “global” turn on the hitherto Europe-focused historiography of science. Yet, while China historians are at no particular fault, we must beware of replacing the problem of West-centrism with Sino-centrism. As a historian of Chosŏn Korea, I come from a field that has long grappled with the “problem of China” (discussed below), which creates barriers for entering into the globalist discourse on the history of science, not so differently than the “problem of Europe.”[footnoteRef:34] But as this dissertation contends, by overcoming this very specific historiographical struggle for Chosŏn, we may also inch forward in the greater challenge of truly globalizing the “global” history of science. [34:  	Kim, “Problems and Possibilities,” 61–4.] 
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Our understanding of Chosŏn—whether it be in the field of neo-Confucian philosophy, literature, agriculture, or in my case, craft knowledge—has been an ongoing struggle with the curse of the “small China” thesis.[footnoteRef:35] This is a longstanding issue that some may declare passé, but in my view, it is well and alive in the silence of new scholarship on the Korean artisans and practitioners. This should not surprise us: the persistence of the “derived-Korea” paradigm is only natural when we have prized the literate world of the scholar-officials, which—for Korea—has dominated our understanding with mounds of literati compilations, diaries, and bureaucratic records that we are still combing through. [35:  	Kim, Questioning Science, 239–52.] 

But how does one reconstruct, let alone go about finding, the world of the Korean artisan in this sea of “distraction”? I make no pretension to have full access, and certainly not without the aid of textual sources (including those written by scholars). Yet, so far, no systematic study has been conducted with the combination of material and archival sources as is gathered here, and with an investigative stance that leaves open the possibility of a Korean “artisanal epistemology.”
Let us first take stock. The historiography on Korean science and technology began with a series of excuses and apologies about why Korea did not birth the new experimental sciences. This “Why not Korea?” question has generated useful documentation of traditional techniques and knowledge, but also a certain rush to find inhibiting factors that explain away the absence of “science” in Korea. As early as 1946, historian Hong Isŏp recorded a slew of such factors: “[disparaging] attitude of the court and the bureaucrats towards science and technology, ‘empty’ Confucian speculations, and the lowly social position of artisans.”[footnoteRef:36] Even Jeon Sangwoon—who otherwise greatly enhanced the historiography of Korean science—continued the chant, blaming the longstanding “government policy of disregarding the technicians and artisans.”[footnoteRef:37] [36:  	Kim, “Problems and Possibilities,” 60.]  [37:  	Ibid. Also see Yim Chongt’ae 임종태, “Han’guk kwahak ŭi chŏngch’esŏng ŭl ch’ajasŏ: 1960-1970 nyŏndae Jeon Sangwoon sŏnsaeng ŭi Han’guk kwahakkisulssa sŏsul 한국 과학의 정체성을 찾아서: 1960-1970 년대 전상운 선생의 한국 과학기술사 서술 [Searching for the Identity of Korean Science: Historiography of Jeong Sangwoon in the 1960s and 1970s],” Han’guk kwahak sahak hakhoeji 40, no. 1 (2018).] 

These characterizations of the Korean artisan hold some truth, but they also make for a convenient foil to elevate—in harsh relief—certain points of pride in Korean science: the “golden age” of King Sejong’s reign (世宗, r. 1418–1450) and the “renaissance” under “practical studies” (sirhak 實學) scholars of the 18th century.[footnoteRef:38] These two moments fall neatly between major periods of “failure” in Korean history—the age of Sejong shows the great heights from which Korea fell before the “shameful” Japanese invasions of 1592–1598, and the renaissance of practical scholars also before the likewise “disgraceful” saga of a weak Korea in the age of high imperialism. For our purposes, these moments dovetail with the ebb and flow of Korean artisanal knowledge, as portrayed in existing scholarship: in the 15th century, Chosŏn artisans found a loving patron of the sciences (King Sejong), and then, again in the 18th century, a group of social superiors (practical scholars) who would likewise recognize their knowledge and save it “albeit imperfectly, from the brink of complete extinction.”[footnoteRef:39] [38:  	The term “practical scholars” is problematic. For details, see Kanghun Ahn, “Beyond the Discourse of Practical Learning: Rethinking Chosŏn Intellectual History in a Broader Context,” Seoul Journal of Korean Studies 31, no. 2 (2018), 42–4.]  [39:  	Jeon Sangwoon, A History of Korean Science and Technology (Singapore: NUS Press, 2011), 425. For a summary of this problem of periodization, see Kim, “Problems and Possibilities,” 55–60.] 

So much for the abject Korean artisan. In recent years, a new generation of historians has breached this impasse. First came a revisionist strand of craft historians who replaced the sweeping statements above with actual investigations into the lives and careers of artisans. Chang Kyŏnghŭi, a leading light in this field, singlehandedly uncovered 100,000 names of craftworkers from the royal protocol books (ŭigwae 儀軌) of the late Chosŏn.[footnoteRef:40] Her work has arguably unsettled the issue of the “invisibility of the artisan” before it was even articulated in Korean studies.[footnoteRef:41] Chang has also shown that our problem is not so much with the historical actors or the extant sources, as with our reluctance to investigate. [40:  	Chang Kyŏnghŭi has reviewed ŭigwe (royal protocol books) from as many as 217 different state agencies of the late Chosŏn period, compiling close to 100,000 names of artisans. More, however, are waiting to be discovered because the total of number of state agencies with ŭigwe is 513 and she has covered less than half. Chang Kyŏnghŭi 장경희, Ŭigwe sok Chosŏn ŭi changin 의궤 속 조선의 장인 [Chosŏn Artisans in the Royal Protocol Books] (Sol Kwahak, 2013). For Chang’s review of the utility of ŭigwe as a historical archive, see Chang Kyŏnghŭi 장경희, “Chosŏn wangsil ŭigwe rŭl t’onghan changin yŏn’gu ŭi hyŏnhwang kwa kwaje 조선왕실 의궤를 통한 장인 연구의 현황과 과제 [Current State of and Future Directions for the Study of Artisans through the Chosŏn Royal Protocol Books],” Yŏksa Minsokhak 47 (2015).]  [41:  	Steven Shapin, “The Invisible Technician,” American scientist 77, no. 6 (1989). Also see Steven Shapin, and Simon Schaffer, Leviathan and the Air-Pump: Hobbes, Boyle, and the Experimental Life (Princeton, NJ: Princeton University Press, 2017 [1985]).] 

New perspectives have also sprung up from closer to home. Namely, historian of science Jung Lee has opened our eyes to the life-worlds of papermakers in the late Chosŏn. These monk-artisans, she shows, rose to reshape society in the 18th century and prompted their scholar-superiors to “change their knowledge practice,” piquing the latter’s interest in studying (via exegeses of Chinese texts) a craft that they greatly depended on.[footnoteRef:42] Yet, rather than rehearsing the story of “save the artisan,” Lee rightfully recognized what she terms as the “politics of seclusion” on the part of the scholars. It turns out that these practical scholars were not so practical, and they set out to slate Chosŏn papermaking on unfair grounds: “they made curious errors in extracting Chinese sources,” she notes, “and failed to make use of their avowed empiricism by excluding local knowledge and practices in their knowledge of papermaking.”[footnoteRef:43] [42:  	Jung Lee, “Socially Skilling Toil: New Artisanship in Papermaking in Late Chosŏn Korea,” History of Science 57, no. 2 (2018), 26.]  [43:  	Jung Lee, “Tacit Politics of Practical Studies: The Exclusion of Rooted Practice in Late Chosŏn Studies of Papermaking,” (forthcoming).] 

I build on these works and go further. Depending on where we look, and if we can only swipe past the layers of grime around the Korean artisan, a “vernacular science” comes into view, one that holds its own against—and in mutually-constitutive relation to—the scholar’s knowledge that is based on imported texts and exegesis in the literary Sinitic.
The “vernacular” turn has greatly expanded the horizons of the history of science. For long, this field was limited to the history of the “protosciences,” which emphasized the early modern roots of modern scientific disciplines such as astronomy and physics.[footnoteRef:44] But the avalanche of new works in the “the studies of subjects that used to be seen as anathema to what was considered real science” has arrived, breaking the field open to encompass alchemy, astrology, women’s knowledge, and craft know-how—ways of knowing that bear little relation to modern scientific concepts.[footnoteRef:45] [44:  	Smith, “Science on the Move,” 347–8.]  [45:  	Ibid.] 

With this upwelling of scholarship, the term “vernacular science” has come to mean many things, but I follow Smith to signal the knowledge systems that developed outside the literate world of the elite scholars.[footnoteRef:46] This means not just the Korean vernacular hang’ŭl, but more importantly, the “wealth of ‘technical’ vocabulary used by artisans and practitioners—words related to tools, processes, materials, and techniques that often originated in the oral cultures of practice.”[footnoteRef:47] Beyond the linguistic dimensions, the vernacular also indicates non-elite peoples and their knowledge systems. The vast majority of artisans—across the early modern but especially in Chosŏn—belonged to lower social positions than scholars. While their immediate superiors—like our officer-craftsman Ch’oe—fared better, they still developed a form of technical literacy that had vernacular roots, roots that reached down to the shop floor. I follow both groups, and in particular, the ways in which a distinct way of knowing formed, first, at the hands of the Korean artisans, and then, transformed—in opportune circumstances such as the military workshop—into those of their supervisors. [46:  	Pamela H. Smith, The Body of the Artisan: Art and Experience in the Scientific Revolution (Chicago: University of Chicago Press, 2004), 237–41. For a summary of the term and its uses, see Helen Tilley, “Global Histories, Vernacular Science, and African Genealogies; or, is the History of Science Ready for the World,” Isis 101, no. 1 (2010), 112n4.]  [47:  	Long, “Trading Zones,” 846.] 


[bookmark: _Toc35765133][bookmark: _Toc35765203][bookmark: _Toc35765268][bookmark: _Toc37461022]Object in Motion, Translation, and Korea in the Global Early Modern

The vernacular science of Korean artisans and practitioners is difficult to delineate with texts alone. The science of making was a tacit (not a textual) tradition. Associated know-how was thus “more often—and perhaps more effectively—transmitted, not in texts, but in persons, from master to apprentice, or via rituals and the spoken word.”[footnoteRef:48] The rarity of textual sources left behind by artisans makes more difficult the task of documenting their history. But this is not so much a matter of lament as a call for historians to retool themselves: in addition to critical reading of sources, we must try—however superficially—to handle the materials ourselves, disassemble objects, and investigate through “bodily labor” as skilled practitioners would. [48:  	Smith, “Nodes of Convergence,” 8.] 

	I employ this approach to follow “objects in motion” and situate Korean practitioners within the material culture of the early modern world. Recently, scholars in art history, visual culture, and material culture have led the way in emphasizing movement as “constitutive of objects themselves.”[footnoteRef:49] “Mobility,” as Daniela Bleichmar put it, “was not a physical accident that befall an object that remained stable and immutable despite its travels, but rather a series of transformative and constitutive acts of translation, selection, and interpretation that produced multiple versions of the object itself.”[footnoteRef:50] Global historians of science have also followed suit yet with a keen focus on the epistemic role of objects: “Objects,” as Smith and others have added, “both carried and made knowledge as they moved,” and by tracking their itineraries, “[w]e can thus trace the emergence of ideas, theories, and knowledge systems starting in the interaction of the human hand with the material world.”[footnoteRef:51] [49:  	Daniela Bleichmar, and Meredith Martin, “Introduction: Objects in Motion in the Early Modern World,” in Objects in Motion in the Early Modern World, ed. Daniela Bleichmar, and Meredith Martin (Oxford, UK: John Wiley & Sons Ltd., 2016), 13.]  [50:  	Daniela Bleichmar, “History in Pictures: Translating the Codex Mendoza,” in Objects in Motion in the Early Modern World, ed. Daniela Bleichmar, and Meredith Martin (Oxford, UK: John Wiley & Sons Ltd., 2016), 104.]  [51:  	Smith, “Nodes of Convergence,” 6, 8.] 

	One useful way to understand this phenomenon is translation. The process of assimilating an alien object—as in that of bringing an expression in one language to another—leads the historical actor to find equivalents, misunderstand, or fill in the gaps. To encompass this lesser-known meaning of the word is in fact only natural: the Latin root translatio (and even the 17th century Spanish traduzir) meant not just “to turn a statement from one language into another,” but also to “to take one thing from one place to another.”[footnoteRef:52] [52:  	Bleichmar gives explanation of the Spanish word traduzir. Bleichmar, “History in Pictures,” 90.] 

Implying both physical and linguistic movement, then, the concept is conducive to capture the materially and epistemically intertwined process that occurs when one takes, understands, and makes an unfamiliar object. Applying this to the history of technology, we can also combat the misleading connotations of terms used widely in that field—such as “technology transfer,” a fraught phrase that is often abused as a catchall for what I see as translation. Transfer takes the immutability of objects as a given, but translation, as Bleichmar put it, “was a process of creating versions, impressions, approximations, and rough equivalences rather than copies.” Thus, translation, she continues, “did not duplicate or reproduce but rather multiplied and re-produced. It implied above all transformation.”[footnoteRef:53] [53:  	Bleichmar, “History in Pictures,” 105.] 

	This presents another methodological opening through which we can insert Chosŏn into the global history of science and technology. Once dubbed “Hermit Kingdom,” the dynasty is often still presumed to be isolated from the rest of the world. Yet, if we shift focus to the objects—and in particular, the “early modern things” that traversed and carried the world into Korea—we find compelling opportunities to see the peninsula in connection with the rest, and in very tangible terms at that.[footnoteRef:54] In fact, some historians of early modern Japan and China—e.g., Yulia Frumer and Florin Stefan-Morar—have already laid the path with detailed studies of clocks and world maps (as material media of astronomical and cartographic knowledge).[footnoteRef:55] Joining their ranks, I argue that the attempt for Korea is not unjustifiable: in Chosŏn as well, the notion of translation (pŏnyŏk 翻譯) was capacious enough to signal not just a linguistic “turn of the phrase,” but also the transposition of musical tunes and arguably, material artifacts.[footnoteRef:56] [54:  	Paula Findlen, ed. Early Modern Things: Objects and Their Histories, 1500–1800 (New York: Routledge, 2013).]  [55:  	Yulia Frumer, Making Time: Astronomical Time Measurement in Tokugawa Japan (Chicago: The University of Chicago Press, 2018); Yulia Frumer, “Translating Words, Building Worlds: Meteorology in Japanese, Dutch, and Chinese,” Isis 109, no. 2 (2018); Yulia Frumer, “Translating Time: Habits of Western-Style Timekeeping in Late Edo Japan,” Technology and Culture 55, no. 4 (2014). Also see Florin-Stefan Morar, “Relocating the Qing in the Global History of Science: The Manchu Translation of the 1603 World Map By Li Yingshi and Matteo Ricci,” Isis 109, no. 4 (2018).]  [56:  	Transposition of music—and the adaptation of a tune from one instrument to another—was referred to as pŏn’gŏk (翻曲). See Cho Yuhoe 조유회, “Chosŏn hugi sirhakcha ŭi chaju-chŏk Yangak suyong 조선후기 실학자의 자주적 양악수용 [The Agentive Reception of Western Music by Practical Scholars in the Late Chosŏn],” Kugagwŏn nonmunjip 20 (2009). Material artifacts could also be the object of translation—such as in Translation of Firearms (Hwagi pŏnyŏk 火器翻譯). See Yi Tŏngyŏl 李德悅, Yanghodang ilgi 養浩堂日記 [Diaries of Yi Tŏngyŏl], trans. Yi Myŏngnae 이명래 (Yanghodang Ilgi Kanhaenghoe, 2012 [originally 16th century]), vol. 2, 1592/11/17. The etymological dimensions of the word require deeper research. For theoretical discussion of the concept of translation in Korean studies, see Yoon Sun Yang, From Domestic Women to Sensitive Young Men: Translating the Individual in Early Colonial Korea (Cambridge, MA: Harvard University Asia Center, 2017).] 

	Which object, then, might best serve our purpose? As we will see, military artisans and practitioners in the late Chosŏn made much more than what you would expect in arsenals and army divisions—including rulers, water wheels, fire engines, pontoon bridges, cotton gins, and what have you. Yet, in keeping closest to the very fountain of their expertise, we will consider a globe-trotting weapon that enjoyed active use and production in Korea: the gun. It goes without saying that firearms were not simply instruments of violence, but also technological artifacts with their own specific materialities and associated knowledge systems (which went beyond the realm of killing). Yet, despite the potential richness of the subject matter, guns have so far eluded the attention of the historians of science and technology.[footnoteRef:57] As one historian put it, however, “exclusion should never be the objective in historiography,” and these artifacts—not unlike the important yet neglected artisans and practitioners of Chosŏn—deserve our attention.[footnoteRef:58] [57:  	Notable exceptions include Merritt Roe Smith, Harpers Ferry Armory and the New Technology (Ithaca: Cornell University Press, 1977); Ken Alder, Engineering the Revolution: Arms and Enlightenment in France, 1763–1815 (University of Chicago Press, 2010).]  [58:  	Smith, “Science on the Move,” 347.] 
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	The six chapters that follow uncover a world of hitherto invisible spaces, practices, and objects from which new craft knowledge—like that embodied in Ch’oe’s hands—emerged. In concrete terms, this means to understand with specificity the institutions (i.e., workshops) where our officer-craftsman and his talented subordinates (artisans) worked; the ways of knowledge-making that animated their collaboration; and the material culture—both local and global—that emanated from their very hands.
Part I examines the first of these three building blocks that reconstruct the culture of making in Chosŏn: workshops. Chapter 1 sets the scene with the story of a preindustrial manufactory. It tells a deep history of the Government Arsenal (Kun’gigam 軍器監or Kun’gisi 軍器寺), the largest and longest-standing workshop in Chosŏn which lasted from the 14th to the 19th century. I focus on the early Chosŏn period (1392–1592) and interrogate this arsenal with the following questions. How did different artisan groups and their supervisors come together on the shop floor and provide sustainable solutions to the problems of manufacture? What, if any, were the fruits of their labor beyond just material goods? This case study allows us to foreground a state manufactory of the preindustrial non-West as a useful site of historical inquiry. It also lays the foundation for understanding the knowledge practices that would emerge in the hands of the early Chosŏn artisan.
Chapter 2 emphasizes a new workshop model that dominated in the late Chosŏn period (1592–1910): the division workshop. By division workshop, I refer to the in-house production facilities that belonged to the military divisions (kunyŏng 軍營) of the capital region, as well as their satellite works across the peninsula. Using the aforementioned Garrison Records—a corpus of logs kept by these divisions, I show, first, that their workshops raised talents of great skill and knowledge. In particular, two distinct groups of practitioners formed: the soldier-artisan (lit. “artisan squad,” kongjangdae 工匠隊) and the officer-manager (kamdong changgyo 監董將校). These practitioners practiced a distinct model of production that allowed their institutions to outgrow their nature and into the general landscape of crafts and technology: they would go on, for example, to build city walls and pontoon bridges, craft rulers and wagons, as well as reenact new artifacts imported from abroad—ranging from mechanical clocks and screw pumps, to cotton gins and fire engines.
Part II centers the knowledge-making practices that emerged from each of the workshops examined above. Concerning the early Chosŏn arsenal, Chapter 3 demonstrates prototyping, the artisanal practice of drawing, modelling, measuring, and writing to constitute a craft idea. Contrary to the existing scholarship that has neglected this practice and perpetuated the trope of the abject and uncreative Korean artisan, I appreciate the vibrant culture of making that transpired on the shop floor. To date, prototyping has been understood solely from the perspective of the Chosŏn court and the scholar-officials—and by extension, as an oppressive practice that aimed at controlling the artisan and enforcing top-down production. By returning to the Government Arsenal, however, we shall see that it was the artisans in fact who developed the practice in the first place; and the most exceptional among them would even leave behind their own designs. I argue that prototyping was an artisanal epistemology that rested on bodily practices, experiential learning, and empiricism as its sources of truth.
Chapter 4 turns to the divisions in the late Chosŏn period and traces how the said epistemology then broadened up into the world of the officer-managers. In the process of leading the division workshops, military officers “skilled up”—that is, lift and absorb the empirical knowledge-making in the hands of the artisanry into their own. Even as they took after the craftspeople, however, they also postured as middling experts. Namely, we will see that officers identified with the so-called middle people (chungin 中人)—an intermediate status category of technical specialists that included astronomers, jurists, physicians, accountants, painters, and interpreters. I argue that as middle people, the officer-managers exerted a “middle epistemology”: they mediated between the world of the scholar and the artisan, and developed a distinctive approach to knowledge-making that included the writing of recipes and lists of ingredients, as well as the drawing of machines with greater rigor and dimensionality.
Part III concerns objects of craft knowledge. In particular, Chapters 5 and 6 examine the matchlock musket as a case study to understand, respectively, how early modern things moved across the world, and the ways in which local artisans and practitioners transformed in the process of handling them. The musket was born to the Germanic area in the 15th century, but would then undergo a series of transformations at the hands of Portuguese, Goan, Malay, and Japanese makers. Upon entering the Korean workshops, however, the global artifact was in store for another bout of material translation. This process led to the formation of new knowledge at the Korean workshops, represented in part by the rise of new artisans—such as the Korean screwsmith (nasajang 螺絲匠)—but also through officers who codified associated know-how in the form of technical manuals. Their collaboration, we shall see, made a material culture that was at once idiosyncratically Korean and deeply entangled with global currents.
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Historians have long recognized military workshops as important sites of material and knowledge production. From American armories at the cusp of industrialization to arsenals in Renaissance Europe, these spaces have distinguished themselves for the unusual vigor with which technical work was undertaken there. Ken Alder, for one, leads us into the workshops of artillery engineers in Revolutionary France, which anticipated the principle of interchangeable parts—a central mode of modern factory production.[footnoteRef:59] Further back in time, it was also in the Venetian Arsenal—as Mary Henninger-Voss and others reveal—that Galileo Galilei (1564–1642) rubbed shoulders with experienced artisans, and devised not just war machines, but also the “‘new sciences’ of material strength and motion.”[footnoteRef:60] But depending on context, military workshops could also figure as a bulwark of conservatism, as Merritt Roe Smith demonstrates for the Harper’s Ferry Armory. In this American facility, a community of craft-trained gunsmiths held back—well into the 19th century—the rise of mechanized production.[footnoteRef:61] [59:  	Alder, Engineering the Revolution.]  [60:  	Roberts, et. al., The Mindful Hand, 4; Mary Henninger-Voss, “Comets and Cannonballs: Reading Technology in a Sixteenth-Century Library,” in The Mindful Hand: Inquiry and Invention From the Late Renaissance to Early Industrialisation, ed. Lissa Roberts, Simon Schaffer, and Peter Dear (Amsterdam: Koninkliijke Nederlandse Akademie van Wetenschappen, 2007). For a discussion of the Venetian Arsenal as an early modern trading zone, see Long, “Trading Zones.” For more, see Robert C. Davis, Shipbuilders of the Venetian Arsenal: Workers and Workplace in the Preindustrial City (Baltimore: Johns Hopkins University Press, 1991); Matteo Valleriani, Galileo Engineer (Dordrecht; London: Springer, 2010).]  [61:  	Smith, Harpers Ferry.] 

This chapter sets the stage for the rest of the dissertation by tracing the origins of the military workshop in premodern Korea. The notion of large-scale arms manufacturing ran deep on the peninsula, going back to at least the 14th century.[footnoteRef:62] Namely, the Government Arsenal, which figures as protagonist here, was the central facility for arms-making throughout the early Chosŏn period (1392–1592). This munitions center employed up to 800 artisans at one point and constituted one of the largest workshops—including both government-led ones and not—across the peninsula. Its salience in the manufacturing landscape of premodern Korea was only matched by its longevity: even after the 17th century, when the centralized manufactory was eclipsed by the new division workshops (to be examined in Chapter 2), it remained well and alive until 1884, when it was subsumed under a modern industrial facility—the Machine Works (Kigiguk 機器局).[footnoteRef:63] [62:  	It can be further argued that the history of state-led manufacturing goes back to the 11th century. The precursor to the Government Arsenal, for instance, was established as early as 1076. See footnote 69.]  [63:  	Korean historian Kim Irhwan has produced the most detailed and comprehensive works on the arsenal. Kim Irhwan 김일환, “Chosŏn ch’ogi Kun’gigam ŭi mugi chejo yŏn’gu 조선초기 군기감의 무기제조 연구 [A Study of Weapons Manufacture at the Government Arsenal in the early Chosŏn period]” (PhD diss., Hongik University, 2000); Kim Irhwan 김일환, “Chosŏn ch’ogi Kun’gigam mugi chejo ŭi pyŏnhwa ch’ui 조선초기 군기감 무기제조의 변화 추이 [Weapons manufacture at the Government Arsenal in the early Chosŏn period],” Yukkun Pangmulgwan Hagyeji 12 (2005); Kim Irhwan 김일환, “Chosŏn ch’ogi Kun’gigam Pyŏlgun ko 조선초기 군기감 별군고 [A Study of “Special Soldiers” at the Government Arsenal in the early Chosŏn],” Yŏksa wa Sirhak 12 (1999). For an archaeological study, see Yi Sŭngwŏn 이승원, et al., Sŏul Kun’gisi t’ŏ yujŏk 서울 군기시터 유적 [Remains of the Site of the Government Arsenal in Seoul] (Han’gang Munhwajae Yŏn’guwŏn, 2011). Most of the extant sources on the early Chosŏn arsenal are found in state compilations, and the actual administrative logs and archives have been lost since the abolishment of the institution in 1884.] 

Despite its significance, however, this preindustrial factory has gone largely unnoticed. This is in part due to the focus in existing scholarship on the question of industrialization. The debate about when Korea industrialized and whether its sources were native has divided a whole generation of Korean historians. On one side, Marxist scholars pegged the government’s seizure of production as a negative factor that choked off creativity and stunted the native industry. Also known as the “sprouts school,” they emphasized the 19th century as a moment when the state relaxed its control over the artisanry and a class of “private artisans” (sajang 私匠) grew, which these historians wanted to see as “sprouts” (maenga) of Korean capitalism.[footnoteRef:64] Their sober critics, however, countered that industrial capitalism only took off after 1876. Carter Eckert, doyen of this revisionist scholarship, saw that “the mere existence of private artisans and hired labor [was not] a symptom of capitalist growth.”[footnoteRef:65] Premodern Korea, as he put it, was absent of “industrialism…an economic system characterized not simply by market relations and private ownership of the means of production, but also by the predominance of the machine industry.”[footnoteRef:66] [64:  	Kang Man'gil 강만길, Chosŏn sidae sanggongŏpsa yŏnʾgu 조선시대 상공업사 연구 [Commerce and Industry in the Chosŏn] (Han'gilsa, 1984). For critical views on this nationalist historiography, see Hyung Il Pai, and Timothy R. Tangherlini, Nationalism and the Construction of Korean Identity (Berkeley, CA: Institute of East Asian Studies, University of California, c1998); Gi-Wook Shin, and Michael E. Robinson, eds. Colonial Modernity in Korea (Cambridge, MA: Harvard University Asia Center: Distributed by Harvard University Press, 1999).]  [65:  	Carter J. Eckert, Offspring of Empire: The Koch’ang Kims and the Colonial Origins of Korean Capitalism, 1876-1945 (Seattle: University of Washington Press, 1991), 4.]  [66:  	Eckert clarified further that “[m]anufacture in its original sense, that is, handicraft production, however developed and widespread, did not in itself have the technical capacity to provide the basis for industrial capitalism.” Ibid., 3–4.] 

As valuable and meticulous as these works are, historians on both sides have fixated on the question of why Korean manufacture did not culminate in the Western-style machino-facture. Also, because the debate was framed around proving “private” sectors of production, they have overlooked the healthy presence of state-led manufacturing until the end of the dynasty. When the Chosŏn court enters the story—as it does for the Marxist historians, it is to emphasize the shackles it placed upon the artisans and to then set up the 19th century as the moment of the latter’s liberation.[footnoteRef:67] Yet, if historians can only expunge the telos of industrialization from the spine of historical analysis, we can come to appreciate preindustrial works for what they were, rather than what they did or did not become. [67:  	Historian of craft Chang Kyŏnghŭi summarizes the way that nationalist socio-economic historians such as Kang Man’gil wrote about Chosŏn artisans in her review article. She notes inter alia that the private artisans were examined favorably because they were not affiliated with the state, but that state-employed artisans from the 18th century were in fact “more technically proficient and aesthetically competent.” She called for historians to examine the material evidence along with textual sources, and to go beyond conventional archives such as the Great Code of Administration (Kyŏngguk Taejŏn 經國大典), the Annals of the Chosŏn dynasty (Chosŏn wangjo sillok 朝鮮王朝實錄), and Diaries of the Royal Secretariat (Sŭngjŏngwŏn Ilgi 承政院日記), which—she argued—tended to record only “fragmentary and negative” information about the artisanry. Chang, “Chosŏn wangsil ŭigwe,” 86–88, 102.] 

I set out to challenge existing conceptions about material production in premodern Korea by foregrounding the Government Arsenal. First, this chapter understands the nature of the arsenal, which was in fact Chosŏn’s largest and longest-standing manufactory, and one that consistently employed artisans as workmen and scholars as supervisors. Second, it then examines how this workshop—given its size and complexity—grappled with the problem of organizing production, a problem which, as we will see, necessitated artisans to work in rotations and their superiors to coordinate. Finally, I conclude by evoking the limited yet sure presence of a trading zone at the arsenal—a discussion we will continue in the chapters that follow.

A Preindustrial Factory

[bookmark: _Ref38386951][bookmark: _Ref38545217]	The Government Arsenal had humble origins, and they trace back to the 11th century: the fledging Koryŏ dynasty (918–1392) started a small production facility in the then-capital city of Kaesŏng.[footnoteRef:68] Records are sparse, but by 1076, we know that the site employed 23 artisans and oversaw 13 different craft types (Table 1).[footnoteRef:69] These artisans held titles such as training officer (chiyu 指諭) and head artisan (haengsu 行首), and they supervised other apprentices and assistants who bore the brunt of the actual production.[footnoteRef:70] During the Yuan Mongol rule (1270–1356), the arsenal was subsumed under the Ministry of Revenue (Minbu 民部), a move that historians saw as the abolishment of its function as a production facility.[footnoteRef:71] But the arsenal probably continued under Yuan influence, as we find out later that the Mongolian institution of Royal Servants (M: sigurchi, 速毛赤) had been added as one of its craft types (Table 1).[footnoteRef:72] All the same, the facility had to be “resuscitated” (pokch'i 復置) by the late 14th century—the twilight of Koryŏ.[footnoteRef:73] Namely, King Kongmin (恭愍王, r. 1351–1374) led reformist efforts to centralize arms production and incorporated other newly-established agencies such as the Defense Directorate (Pangŏ togam 防禦都監) and the Fire Barrels Directorate (Hwat’ong togam 火㷁都監) into the arsenal.[footnoteRef:74] During such efforts, contemporaries observed that production was “greatly burdened and understaffed” (mugŭk wŏnso 務劇員少), and that the facility was “crowded and humble” (aeru 隘陋).”[footnoteRef:75] [68:  	The arsenal was situated in the capital city of Kaesŏng, specifically, south of the Tuhyŏn slope (荳峴). See Yi Sŭngwŏn, et al., Sŏul Kun’gisi, 44, 60.]  [69:  	It is noted vaguely in the historical records that the Government Arsenal was instated during King Mokjong’s reign (穆宗, r. 997–1009). Koryŏsa 高麗史 [History of Koryŏ], edited by Kuksa p’yŏnch’an wiwŏnhoe (2009–2015 [originally 1449–1454]), f.76, Chi 志 f.30, Paekkwan 百官 1, Kun'gisi: 軍器寺掌營造兵器. 穆宗朝, 有軍器監, 監·少監·丞·注簿.]  [70:  	Ibid., f.80, Chi 志 f.34, Sikhwa 食貨 3, Nokpong 祿俸, Kun'gigam 軍器監: 軍器監. 米十石. [皮甲匠指諭一, 牟匠指諭一, 和匠指諭一] 七石. [皮甲匠行首指諭副承旨一, 牟匠行首宣節校尉一, 和匠行首校尉一, 白甲匠行首副尉一, 長刀匠行首陪戎副尉一, 角弓匠陪戎校尉二] 六石. [漆匠左右行首校尉二, 鍊匠左右行首二] 稻十五石. [白甲行首大匠一, 長刀行首副匠一, 弩筒副匠一, 旗畫業行首校尉一] 十二石. [箭匠左右行首校尉二, 箭頭匠行首副尉一] 十石. [皮匠指諭校尉·行首大匠各一].]  [71:  	Ibid., f.76, Chi 志 f.30, Paekkwan 百官 1, Kun'gisi: 忠宣倂於民部.]  [72:   	Due to the paucity of sources, we are still in the dark about how the arsenal operated during the period of Mongol Yuan influence. As for the institution of Royal Servants (速毛赤, M: sigurchi), we do know precisely when it was added to the arsenal’s production scheme, we have a record from 1434 that they were working at the arsenal.]  [73:  	Ibid., f.76, Chi 志 f.30, Paekkwan 百官 1, Kun'gisi: 恭愍王五年, 復置軍器監, 判事正三品, 監從三品, 少監從四品, 丞從五品, 注簿從六品, 直長從七品. 十一年, 加置錄事正八品, 後改軍器寺.]  [74:  	Yun Hunp’yo 윤훈표, “Koryŏ mal Chosŏn ch’ogi pyŏnggi ŭi chejo mit kwalli ch’egye e kwanhan yŏn’gu 고려말 조선초기 병기의 제조 및 관리 체계에 관한 연구 [System of Weapons Manufacture and Management in the late Koryŏ and early Chosŏn periods],” Tongbang hakchi 79 (1993), 249, 265.]  [75:  	Koryŏsa, f.76, Chi 志 f.30, Paekkwan 百官 1, Kun'gisi: 恭讓王元年, 趙浚建議, 軍器寺務劇員少, 以重房上·大將軍·郞別將, 兼判事以下官. 吏屬, 文宗置監史八人, 記官四人, 筭士二人; Sinjŭng Tongguk yŏji sŭngnam 新增東國輿地勝覽 [The New Augmented Survey of the Geography of Korea], reprinted in Kojŏn kugyŏk ch’ongsŏ 고전국역총서, vol. 40 (Minjok Munhwa Ch’ujinhoe, 1969 [originally 1486]), f.2, Kyŏngdo 京都, Ha 下, Kun'gisi Hwayakko Ki 軍器寺火藥庫記; Chŏng Io 鄭以吾, Kyoŭn sŏnsaeng munjip교은선생문집 [Literati Collection of Chŏng Io], trans. Yu Hosŏn 유호선 (Han’guk Inmulsa Yŏn’guso, 2009), 194–9: 遷國之初, 本監陰悟, 更不營繕. Also see Yi Sŭngwŏn, et al., Sŏul Kun’gisi, 44, 60.] 

The new government of Chosŏn inherited this chaotic workshop and multiplied it many times over. At first, the arsenal expanded to a size that hurt more than helped: by 1409, less than two decades after the founding of the dynasty, it was managing rotations of 800 artisans and 4,000 slave-assistants; within the next decade, the mother workshop (as opposed to its satellite works in the provinces) alone had also swollen to 82 k’an in size.[footnoteRef:76] This period showed signs of mismanagement as reports complained inter alia that bows made at the arsenal were of inferior quality to those submitted from the provinces.[footnoteRef:77] But by the middle of the century, greater order was brought to the arsenal, which stabilized the number of artisans down to 594 and organized them into 30 different craft types.[footnoteRef:78] The latter included usual suspects such as bowyers (kungjang 弓匠), fletchers (chŏnch'okchang 箭鏃匠), and armorers (chogapchang 造甲匠), but also a stunning variety that ranged from foundrymen (chusŏngjang 鑄成匠) and powder smiths (yakchang 藥匠), to lathe turners (majojang 磨造匠), saltpeter-soil collectors (ch'wit'ojang 取土匠), glue makers (agyojang 阿膠匠), and so on (Table 1). Finally, by 1484, we learn that the size and focus of production had changed again: 50 more artisans entered but the number of craft types halved to 16.[footnoteRef:79] [76:  	T’aejong sillok 太宗實錄 [Veritable Records of T’aejong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1434/6/11#5: 此本監匠人, 七八百餘名, 今不過三百餘名; 1407/1/12#1: 除軍器監定屬四千口不動外, 其餘不許於各官分屬, 竝於所居, 依舊完聚; 1406/04/01#2: 軍器監屬四千口, 每一番四百口, 輪次立役. Also see Sinjŭng Tongguk yŏji sŭngnam, f.2, Kyŏngdo 京都, Ha 下, Kun'gisi Hwayakko Ki 軍器寺火藥庫記; Kyoŭn sŏnsaeng munjip, 194–9: 所構曰, 大廳, 曰治遺所, 曰造甲所, 曰臺庫, 曰提調庫, 曰諸匠所居廊撫, 總八十二間也. Also see Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 17, 43, 71–7.]  [77:  	Kim, “Chosŏn ch’ogi Kun’gigam mugi,” 49–50. But with regards to gunpowder weaponry, more than 13,500 fire barrels (hwat’ong 火㷁) and 6,980 kŭn of gunpowder were produced by 1417, and this was a significant expansion from the decade prior. In 1401, the Government Arsenal had in storage a mere 6 kŭn in gunpowder and 200 pieces of medium and small sized fire barrels. See Sinjŭng Tongguk yŏji sŭngnam, f.2, Kyŏngdo 京都, Ha 下, Kun'gisi Hwayakko Ki 軍器寺火藥庫記; Kyoŭn sŏnsaeng munjip, 194–9: 崔君仕監之初, 火藥之數, 總六斤四兩, 角弓二百許張, 中小火踊如角弓之數耳, 既仕以來, 火藥至六千九百八十斤九兩, 角弓至一千四百二十張, 中小火藥加一萬三千五百柄, 他物稱是, 此其大略也.]  [78:  	This expansion of craft types had to do with Sejong’s ambitious projects for reforming the weapons system and as we will see later, for experimenting with new gunpowder ordnance.]  [79:  	Yŏkchu Kyŏngguk taejŏn 역주 경국대전 [Translation and Annotation of the Great Code of Administration], trans. Han’guk Chŏngsin Munhwa Yŏn’guwŏn한국정신문화연구원 (Sŏngnam: Han’guk Chŏngsin Munhwa Yŏn’guwŏn, 1985), Kongjo 工典, Kyŏnggongjang 京工匠. This change reflected a diminishing interest in gunpowder weapons, as associated artisans were either reduced or transferred out while the number of bowyers and fletchers grew. Also see Kim, “Chosŏn ch’ogi Kun’gigam mugi,” 464–6.] 

The size and focus of production at the arsenal shifted over time, as can be expected of a centuries-long institution. The reasons behind these changes are worthwhile to pursue in detail,[footnoteRef:80] but for our purposes, it suffices to understand this: throughout the early Chosŏn period, the arsenal was one of the largest and longest-standing manufactories on the Korean peninsula. [80:  	Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 49–50. Tracking the number of artisans and craft types, however, tells only half the story. We must be careful in fact because the sum of artisans does not equate with actual hands in production at a given point. First, artisans served on the basis of rotations, and only about 1/3 of the total was working at a time. Second, the number of producers would increase significantly if we include the various groups of slaves, apprentices, and soldier-assistants who provided semi-skilled labor, but for these, the data is extremely sparse. For instance, as many as 4,000 slaves assisted production in 1407, which is more than five assistants per artisan, but the situation varied widely, as in 1445, only 12 assistants were working for 19 powder smiths. Third, there were presumably more artisans and craft types than what is registered in the state compilations. A close scrutiny of diaries, for instance, shows that there were actually twice as many craft types in one locale as the number registered in the compilations. Ibid., 82; Yi Chŏngsu 이정수, “Mukchae ilgi rŭl t’onghae pon chibang changindŭl ŭi sam 묵재일기를 통해 본 지방 장인들의 삶 [The Lives of Local Artisans as seen through the Diaries of Mukchae],” Chiyŏk kwa Yŏksa 18 (2006), 189.] 

Consider, for instance, the Great Code of Administration (Kyŏngguk aejŏn 經國大典), which registered the number and type of craftworkers for every government workshop in 1484. In this book, the arsenal ranked highest among 30 other peer workshops with 644 artisans. In context, this number comprised 23% of the total number of “capital artisans” (kyŏnggongjang 京工匠) registered in Seoul (Table 2).[footnoteRef:81] In terms of the types of artisans, the arsenal also distinguished itself: as mentioned above, it boasted up to 30 different craft types in its heyday, and while this number would eventually fall, the arsenal persisted as one of the most diverse centers of crafts and technology in the early Chosŏn.[footnoteRef:82] [81:  	This was followed only by the Office of Royal Attire (Sangŭiwŏn 尙衣院), which had a slightly lower number of 582 artisans. To be fair, the Office of Royal Attire beat the arsenal in terms of craft types, boasting twice as many and up to 68 types. This office alone employed more than 50% of the total number of craft types registered in the capital region. Sometimes, during a rush to manufacture arms, artisans from the Office of Royal Clothing were deployed in the arsenal. Conversely, in 1484, a number of swordsmiths had transferred from the arsenal to the office, presumably to make ceremonial swords for state rituals and royal consumption. There were also bowyers and fletchers in the Office of Royal Attire for the same purpose of making ceremonial weaponry. For primary source where statistics were taken, see For primary source where statistics were taken, see Yŏkchu Kyŏngguk taejŏn, Kongjo 工典, Kongjang 工匠. Also see Ch’oe Kongho 최공호, “Chosŏn chŏn’gi Kyŏnggongjang ŭi kisul t’ongje wa punŏp 조선 전기 경공장의 기술 통제와 분업 [Skill Control and Division of Labor for Capital Artisans in the early Chosŏn period],” Misulsa Nondan 47 (2018), 117, 122. For examples on how the two workshops collaborated, see Munjong sillok 文宗實錄 [Veritable Records of Munjong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1450/12/23: 命尙衣院提調鄭苯, 軍器監提調李思任, 領工匠, 監造唐體甲于正音廳; 1450/12/24: 軍器監官吏率工匠, 在本監, 造葉兒, 送于尙衣院, 尙衣院率工匠, 造甲, 庶無兩處供億之弊. 且兼治本司之事, 甚便於事.]  [82:  	Yŏkchu Kyŏngguk taejŏn, Kongjo 工典, Kongjang 工匠.] 

But artisans were not the only “workers” in this preindustrial factory. The arsenal also had a small administrative branch (Table 3) of a dozen or more officials, who were mostly scholars—but increasingly, some military specialists. The Chosŏn court took care to recruit talents with relevant knowledge and experience for these positions. In 1425, for instance, it was stipulated that only “those who are capable of both writing and calculation (munsan kunŭng 文算俱能), and are diligent in carrying out matters should be selected.”[footnoteRef:83]  [83:  	The stipulation was specifically for the lowest (and perhaps the most important in terms of “running the shop”) positions: foreman (chikchang 直長) and recorder (noksa 錄事). The idea was to retain these talents so that they may “ascend in rank and become promote accordingly” (ch'aje sŭngjŏn 次第陞轉) within the arsenal. Sejong sillok 世宗實錄 [Veritable Records of Sejong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1425/11/29#2: 以文算俱能執事謹勤人, 選擇差下, 其有能任事者, 仍令次第陞轉.] 

But supplying such talent was a perennial issue: unlike in the late Chosŏn, the pool of middling technical experts was small. Indeed, the records show a consistent concern with their lack, and the different administrative measures tried out by the arsenal. The latter included, first, the institution of long-term officials (kuimgwan 久任官), a form of “tenure” that encouraged talented officials to remain at the arsenal and accumulate relevant knowledge and experience.[footnoteRef:84] Later, there was also the practice of appointing “concurrent weapons experts” (kyŏmgun'gi 兼軍器), a policy that began in the early 1400s to increase the number of technically-competent bureaucrats for firearms manufacture.[footnoteRef:85] [84:  	Directors, for instance, served for an average of 10 years. Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 29.]  [85:  	Both policies had much to do with King Sejong’s heavy investment in developing firearms technology, which required more managers to keep up with the demands of innovating new techniques and growing the existing works. Ibid., 59-60.] 

In practice, these policies meant that the majority of officials at the arsenal were scholar-elites. When the court was appointing “concurrent weapons experts,” for example, they brought in scholars who were skillful (chŏnggyo 精巧) and military acumen (muryak 武略) into the arsenal.[footnoteRef:86] Also, during the 15th century, we see that even the low-ranking position of foreman (chichang 直長) went to civil examination passers. Namely, Yi Ye (李芮, 1419–1480), Yi Kŭkchŭng (李克增, 1431–1494), and Hŏ Chong (許琮, 1434–1494) were all scholar-aristocrats who began their careers as foremen at the arsenal and later went on to serve some of the highest-ranking positions in government.[footnoteRef:87] [86:  	Ibid., 59-62. Ironically, while military acumen was considered useful here, no career paths existed initially for passers of the military exams at the arsenal. In some occasions, such as during Sejo's Coup in 1453, a number of military men were appointed to the arsenal as a means to seize power. Ibid., 97.]  [87:   	The said positions included but were not limited to Minister of Works (Kongjo p'ansŏ 工曹判書), Minister of Punishments (Hyŏngjo p’ansŏ), Minister of War (Pyŏngjo p’ansŏ 兵曹判書), and Right State Councilor (Uŭijŏng 右議政). Sŏngjong sillok 成宗實錄 [Veritable Records of Sŏngjong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1480/12/25#2: 正統戊午, 中進士, 辛酉中文科第三人, 拜軍器寺直長; 1494/3/25#3: 丙子中文科, 授軍器寺直長; 1492/12/6#5: 右議政許琮來啓曰…臣於世祖朝爲軍器直長, 承命習天文.] 

By the turn of the 16th century, however, the court began to cast its net wider and seek technical experts from other backgrounds as well. The bold move was recorded in an episode of 1481, when a slave-born Kim Chin (金鎭, fl. 1481) was named head supervisor at the arsenal (Kun'gisijŏng 軍器寺正). At the time, court officials protested his appointment, saying: “[If skill is the only qualification for the job], can even bowyers and fletchers fill this position?”[footnoteRef:88] But the king appointed Kim nonetheless.[footnoteRef:89] This is striking when compared to one of his predecessors for the same position—Pak Kang (朴薑, ?–1460), who came from an illustrious family of civil-officials. Despite their social differences, what the two shared was “skill”: Pak was known to be “exquisitely skilled and multi-talented” (chŏnggyo tagi 精巧多技) and supervised royal construction projects among others; Kim had previously designed a crossbow of his own and competed successfully with 10 others in a shooting experiment.[footnoteRef:90] [88:  	Sŏngjong sillok, 1480/1/7#1: 鎭精於弓矢, 任軍器寺, 則可也; 1480/1/7#4: 金鎭不學無術, 只以能造弓矢, 夤緣得職; 1480/1/8#1: 金鎭族系微賤, 妻亦妾産, 而爲軍器寺正, 請竝改正.” 上曰: "聞鎭善造弓矢, 故授是職耳." 安性曰: "然則矢人弓人, 亦可爲是官乎”.]  [89:  	Ibid., 1480/01/23#2: 我國嫡妾之分甚嚴, 金鎭以妾産爲妻, 而位至寺正, 不可不辨; 1481/1/13#2: 軍器寺正金鎭等五人, 輪對.]  [90:  	For a biography of Pak Kang, see Sejo sillok 世祖實錄 [Veritable Records of Sejo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1460/11/07#1: 薑性精巧多技, 能自筮仕, 恒典軍器監至判事, 歷吏曹參議, 黃海道觀察使, 與佐翼功臣, 至是扈從道病卒. In 1475, Kim Chin designed and presented a crossbow prototype, competing with 10 others at the shooting range. The weight of the projectiles and the crossbow was well as the distance of projectile fired were written down. Sŏngjong sillok, 1475/06/09#3: 金鎭弓四十一斤, 箭重九錢, 一矢發七十三步, 二矢俱發, 一矢三十六步, 一矢三十八步.] 

Around this time, military practitioners also began to enter the administration. There were, of course, precedents for this: since the Koryŏ dynasty, military generals occupied top positions at the arsenal; and more recently, the likes of Ch’oe Haesan (崔海山, 1380–1443) and Yi Chŏn (李蕆, 1376–1451) had continued the habit in the new dynasty.[footnoteRef:91] But these were exceptional cases—and all from the military aristocracy, so the measures were new in the late 15th century to accept up-and-coming military men. Starting in 1459, the latter began to be considered for the lowest (and perhaps the most important in terms of “running the shop”) positions—foreman and recorder (noksa 錄事). Yet, while this possibility was soon institutionalized through the Great Code of Administration, it proved to be unstable: the opportunities were closed in 1516, and the issue resurfaced in 1553, resulting only in minor reforms.[footnoteRef:92] As historian Kim Irhwan argues, the difficulty for military men to enter these posts was because technical expertise, not martial skill, was the predominant criterion for qualification. [91:  	These individuals were renowned experts of craft knowledge in their times and they served as director (chejo 提調) at the arsenal. Sejong sillok, 1431/10/13#7: 李蕆, 崔海山, 久爲軍器監提調, 多行不義, 稍得不廉之名. 宜以剛正公廉者爲提調.”上曰: "軍器之事, 他人安能及二人材巧? 姑勿遞. Ch’oe Haesan was the scion of Ch’oe Musŏn (崔茂宣, 1325–1395), famous for first introducing gunpowder-making techniques to the peninsula, and he won recognition for reverse-engineering a Chinese-style mortar gun (wan’gu 碗口) sometime before 1414. Sinjŭng Tongguk yŏji sŭngnam, f.2, Kyŏngdo 京都, Ha 下, Kun'gisi Hwayakko Ki 軍器寺火藥庫記; Kyoŭn sŏnsaeng munjip, 194–9: 初破唐船火器一物, 自忠淸至議政府, 問名於軍器判事郭海龍, 則對曰火器者, 中國秘術也. 吾雖久於彼亦未知也. 及崔君之在職也. 目擊其器乃曰此碗口也. 蓋平日從先君, 熟聞其名, 與其制度也. 殿下命海山, 鑄其器, 退以鑄大中小, 凡二十以進出解溫亭, 試其放火石砲, 則能及於百有五十許出, 故賜以內乘, 鳴呼. For discussion on dating this event, see Hŏ Sŏndo 허선도, Chosŏn sidae hwayak pyŏnggisa yŏnʾgu 조선시대 화약병기사 연구 [A Study of Gunpowder Weapons in the Chosŏn period] (Ilchogak, 1994), 27. After the founding of Chosŏn, Ch’oe Haesan was promptly recruited into the arsenal and made to produce weapons for military expeditions, including various types of cannon, gunpowder projectiles and fire wagon (hwach’a 火車). T’aejong sillok, 1409/10/18#2: 賜軍器少監李韜, 監丞崔海山馬各一匹. 上御解慍亭, 觀放火車, 有是賜…火車之制, 以鐵翎箭數十, 納諸銅桶, 載於小車, 以火藥發之, 猛烈可以制敵. For more on Ch’oe Haesan and his role in the development of firearms during the early Chosŏn, see Hŏ, Chosŏn sidae hwayak, 12, 23, 50, 54, 70, 76, 79, 114–5, 239. Yi was even more distinguished, a top general and metallurgical expert who was “exquisitely skilled” (chŏnggyo 精巧). His area of expertise included not just weaponry such as armor and cannon, but also bells, movable metal type, and a host of astronomical instruments such as the armillary sphere (honŭi 渾儀), the abridged armilla (kanŭi 簡儀) and the gnomon (kyup'yo 圭表). For Yi Chŏn’s biography, see Munjong sillok, 1451/11/8#2: 謚翼襄, 思慮深遠翼, 甲胄有勞襄. 性精巧, 如火砲, 鍾磬, 圭表, 簡儀, 渾儀, 鑄字之類, 皆其監掌也.]  [92:  	Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 62–5.] 

So the arsenal was a substantial production facility with deep origins, a wide array of craftworkers, and a multiple strata of officials. But how was it put to work?


[bookmark: _Ref35801119][bookmark: _Toc37456275]Table 1. Artisan Types at the Government Arsenal, 1076–1484

	Koryŏ (918–1392)
	Early Chosŏn (1392–1592)

	1076
	1434
	1460
	1484

	Types
	#
	Types
	#
	Types
	#
	Types
	#

	Leather armorer
皮甲匠
	2
	Bowyer
弓匠
	40
	Bowyer
弓人
	90
	Bowyer
弓人
	90

	Helmet maker
牟匠
	2
	Fletcher
箭鏃匠
	23
	Fletcher
矢人
	60
	Fletcher
矢人
	150

	Plaster maker
和匠
	2
	Blacksmith
爐冶匠
	25
	Blacksmith
爐冶匠
	45
	Blacksmith
冶匠
	130

	White armor maker
白甲匠
	2
	Caster
注匠
	32
	Caster
注匠
	45
	Polisher
鍊[正]匠
	160

	Longsword maker
長刀匠
	2
	Armorer
造甲匠
	43
	Armorer
甲匠
	45
	Armorer
甲匠
	35

	Composite Bow Maker
角弓匠
	2
	Polisher
鍊正匠
	21
	Chainmail maker
鎖兒匠
	30
	Leather worker
生皮匠
	4

	
	
	
	
	Chainmail mesher (?)
移甲匠
	
	Foundryman
鑄匠
	20

	Lacquerer
漆匠
	2
	Chainmail maker
鎖子匠
	43
	Swordsmith
環刀匠
	33
	Bowstring maker
弓弦匠
	6

	Polisher
鍊[正]匠
	2
	Swordsmith
環刀匠
	6
	Powder Smith
藥匠
	75
	Lacquer oil maker
油漆匠
	2

	Crossbow boltcase maker
弩筒匠
	1
	Powder smith
藥匠
	32
	Metal caster
鑄成匠
	15
	Inlay artisan
練絲匠
	2

	Flag Painter
旗畫業
	1
	Foundryman
鑄成匠
	12
	Gong maker
錚匠
	15
	Gong maker
錚匠
	11

	Fletcher
箭匠
	2
	Gong maker
錚匠
	6
	Lathe turner
磨造匠
	15
	Lathe turner
磨造匠
	12

	Arrowhead maker
箭頭匠
	1
	Lathe turner
磨造匠
	10
	Drum maker
鼓匠
	15
	Drum maker
鼓匠
	4

	Leather worker
皮匠
	2
	Drum maker
鼓匠
	6
	Woodworker
小木匠
	21
	Carpenter
木匠
	4

	
	
	Woodworker
小木匠
	20
	Lacquerer
漆匠
	9
	Lacquerer
漆匠
	12

	
	
	Lacquerer
漆匠
	9
	Glue maker
阿膠匠
	6
	Glue maker
阿膠匠
	2

	
	
	Glue maker
阿膠匠
	4
	Feather maker (?)
古毛匠
	15
	
	

	
	
	Bowstring maker
弓弦匠
	4
	Mirror polisher
磨鏡匠
	15
	
	

	
	
	Quiver maker
矢筒匠
	9
	Lacquer oil maker
明油匠
	6
	
	

	
	
	Oil-Smith
明油匠
	7
	Engraver
彫刻匠
	12
	
	

	
	
	Engraver
彫刻匠
	20
	Quiver maker
矢服匠
	12
	
	

	
	
	Royal Servant
速毛赤 (Mongolian: sigurchi)
	60
	
	
	
	

	
	
	Headgear decorator
頭具粧飾匠
	12
	
	
	
	

	
	
	Headgear forger
頭具打造匠
	20
	
	
	
	

	
	
	Pedal maker (?)
踏逹匠
	10
	
	
	
	

	
	
	Driller
穿穴匠
	16
	
	
	
	



	
	
	Saltpeterer
焰硝匠
	35
	
	
	
	

	
	
	Saltpeter soil collector
取土匠
	35
	
	
	
	

	
	
	Silk threader
綢縷匠
	20
	
	
	
	

	
	
	Feather maker (?)
古毛匠
	8
	
	
	
	

	
	
	Coppersmith
銅匠
	6
	
	
	
	

	13
	23
	30
	594
	21
	579
	16
	644



Source: Koryŏsa, f.80, Chi 志 f.34, Sikhwa 食貨 3, Nokpong 祿俸, Kun'gigam 軍器監; Sejong sillok, 1434/6/11#5; Sejo sillok, 1460/8/1#4; Kugyŏk Kyŏngguk taejŏn, Kongjo 工典, Kyŏnggongjang 京工匠; Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 71.



[bookmark: _Ref35803193][bookmark: _Toc37456276]Table 2. Overview of Artisan Registered in the Early Chosŏn, c. 1484
	
	Number of Artisans
	Craft Types

	Capital artisans
(kyŏnggongjang 京工匠)
	2,841
	129

	Local provinces
(oegongjang 外工匠)
	3,656
	27

	Total
	6,497
	156



Source: Kugyŏk Kyŏngguk taejŏn, Kongjo 工典, Kongjang 工匠.
[bookmark: _Ref35950244][bookmark: _Toc37456277]Table 3. Administrative Officials at the Government Arsenal
	
	Koryŏ (918–1392)
	Early Chosŏn (1392–1592)

	
	1356
	1403
	1449
	1484

	Rank
	Title
	#
	Title
	#
	Title
	#
	Title
	#

	Senior 1st
	
	
	
	
	Chief director 都提調
	1
	Chief director 都提調
	1

	Junior 1st
	
	
	
	
	Director 
提調
	1-2
	Director 
提調
	2

	Senior 2nd
	
	
	
	
	
	
	
	

	Junior 2nd
	
	
	
	
	
	
	
	

	Senior 3rd
	Supervisor 
判事
	?
	Supervisor 
判事
	1
	Supervisor 
判事
	1
	Supervisor
正
	1

	Junior 3rd
	Vice supervisor 監
	?
	Vice supervisor監
	1
	Vice supervisor正
	1
	Vice supervisor副正
	1

	Senior 4th
	
	
	
	
	
	
	
	

	Junior 4th
	Third supervisor 
少監
	?
	Third supervisor少監
	2
	Third supervisor
副正
	2
	Third supervisor
僉正
	2

	Senior 5th
	
	
	
	
	
	
	Special appointee 別坐
	?

	Junior 5th
	Assistant supervisor 
 丞
	?
	Assistant supervisor 丞; Joint assistant supervisor 兼丞
	2
	Assistant supervisor  
判官
	1
	Assistant supervisor 判官; Special appointee別坐
	2+

	Senior 6th
	
	
	
	
	
	
	Special deputy 別提
	?

	Junior 6th
	Clerk
主簿
	?
	Clerk 主簿; Joint clerk 兼主簿
	4
	Clerk
主簿
	1
	Clerk 主簿; Special deputy別提
	2+

	Senior 7th
	
	
	
	
	
	
	
	

	Junior 7th
	Foreman 
直長
	?
	Foreman 
直長
	2
	Foreman 
直長
	2
	Foreman 
直長
	1

	Senior 8th
	Recorder
錄事
	?
	Recorder
錄事
	2
	Recorder 
錄事
	2
	
	

	Junior 8th
	
	
	
	
	
	
	Steward 
奉事
	1

	Senior 9th
	
	
	
	
	
	
	Vice steward 
副奉事
	1

	Junior 9th
	
	
	
	
	
	
	Keeper 
參奉
	1



Source: Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 22–5, 28–9.


Rationalizing Production

Manufacture at the Government Arsenal was “rationalized”—that is, segmented and specialized into its minute parts.[footnoteRef:93] To date, historians have often pointed to the industrial revolution as a moment of rupture for this process. It would be a modernist conceit, however, to maintain that such practices sprung wholly out of the industrializing processes of the late 18th century, or that they were unique to Western Europe after 1750. To be sure, the machine industry—that is, the use of capital-intensive machine tools to guide production—was new. Yet, the fundamental logic of fragmenting production for large-scale works ran deep in the East Asian context:[footnoteRef:94] as will be shown here with the well-documented case of Korea, artisans at the arsenal pioneered what craft historians in Korea have aptly named “allocated collaboration” (punŏpchŏk hyŏbŏp 분업적 협업)—the organization of specialized crafts into a multi-tiered production.[footnoteRef:95] [93:  	On “rationalization,” see John V. Pickstone, Ways of Knowing: A New History of Science, Technology, and Medicine (Chicago: University of Chicago Press, 2001).]  [94:  	What distinguishes the industrial revolution was indeed the rise of machino-facture—i.e., the use of capital-intensive machine tools to guide production. Few scholars know that there are great many classical sanctions for the notion of rationalizing production in early Chinese texts. As early as the Western Han period (202 BC–9 AD), passages in the Huainanzi set the ideal artisan as follows: “The craftsman did not oversee more than one task…each kept to the respective occupation, not interfering with one another; things attained stability, tools were faultless, and occupations became devoid of complacency.” For a discussion of such texts and their implications, see Ch’oe, “Chosŏn chŏn’gi Kyŏnggongjang,” 129–30. There is, moreover, compelling material research that demonstrates how such ideals of craft specialization were actually put to practice in premodern Korea and China. For the longstanding history of specialized handicraft manufacturing in East Asia, see Li Yung-Ti, “The Anyang bronze foundries: archaeological remains, casting technology and production organization” (PhD diss., Harvard University, 2003); Lothar Ledderose, Ten Thousand Things: Module and Mass Production in Chinese Art (Princeton, NJ: Princeton University Press, 2000). For the most up-to-date research in Korean, see Kim Tongo 김동오, “Kodae Chungguk ŭi kongjang kwa kisul t’ongje 고대 중국의 공장과 기술 통제 [Artisans and Skill Control in early China],” Tongyang sahak yŏn’gu 117 (2011). In Chosŏn, the logic of segmenting production can be seen across various sectors. Ch’oe, “Chosŏn chŏn’gi Kyŏnggongjang,” 131.]  [95:  	For a good summary of work specialization, see Ch’oe, “Chosŏn chŏn’gi Kyŏnggongjang,” 131.] 

	Take first the system of rotations at the arsenal, a clever method for arranging labor. As hinted in the previous section, the arsenal divided its artisans and assistants into separate work cycles so that they would shift in and out of the shop—and possibly without seeing their “craft” through to the end. With regards to the artisans, the convention circa 1434 was to divide into three groups and rotate on a five-day basis for 15 day-cycles (Figure 2).[footnoteRef:96] The rotation system varied depending on the period and according to artisan type; for instance, a more leisurely schedule was allowed for bowyers whose craft was highly regarded.[footnoteRef:97] But assuming the five-day rule, most artisans at the arsenal would have worked about two shifts per month. Those who assisted the artisanry also rotated. In 1407, when 4,000 slaves toiled at the arsenal, they split into  [96:  	Evidence that artisans rotated as quickly as five days occurs in a rare record from 1434. At the time, a number of issues with organization at the arsenal were mentioned, but the rotation system was not one of them: it was listed, however, as one of the reasons why artisans at the arsenal were more encumbered than others. Sejong sillok, 1434/6/11#5: 本監匠人五日相遞入番, 只受一時之料, 各有日役, 而無時綵棚儺禮, 專掌爲之. 諸處他役及結造機械之時, 勿論出入番, 苦役尤甚, 故其中才熟富强者, 投屬歇處, 新屬者亦皆窺免. In 1460, the total number of artisans was 579, and it was divided into three groups of 193 artisans. The length of rotations is not specified in this record. Sejo sillok, 1460/8/1#4: 軍器監弓人以九十定額, 分三番, 每一番三十, 矢人以六十定額, 分三番, 每一番二十. Kim Irhwan interpreted this source from 1460 as the beginning in earnest of the rotation system (pŏnch'a ibyŏkche 番次入役制). Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 43, 47, 72, 82. Chang Kyŏnghŭi presents another source from 1473 to say that after that point, artisans divided into two rotations of two months each. But she wrongfully equates “selected slaves” (sŏnsang nobi 選上奴婢) with artisans at the arsenal. The “selected slaves” hailed from the provinces to work temporarily in Seoul, and some of them did work for the arsenal as “assistant-slaves” (choyŏk noja 助役奴子), but they were a distinct group from the general artisanry. Chang Kyŏnghŭi 장경희, “Chosŏn hugi kungin kwa siin yŏn’gu: ‘ŭigwe’ ŭi punsŏk ŭl chungsim ŭro 조선후기 궁인과 시인 연구: 의궤의 분석을 중심으로 [A study of Bowyers and Fletchers in the late Chosŏn: focusing on an Analysis of Royal Protocol Books],” Chohyŏng tijain yŏn’gu 19, no. 1 (2016), 116; Sejong sillok, 1473/1/12#6: 國家慮選上奴隷役苦之弊, 減其員額, 以疏其番, 又京居奴隷, 分爲三番, 二番立役, 一番休息, 所以優選上也, 前此京居奴隷, 分爲二番, 一月在官供役, 一月在家營業, 猶且朝不謀夕者有之, 今則二月在官而一月在家, 其役倍苦, 何得不離散乎.]  [97:  	I agree with Chang Kyŏnghŭi that bowyers and fletchers were treated the best among the artisans due to the nature of their craft: archery was one of the six arts practiced by Confucius, and it was practiced by scholar-elites and kings as a way to cultivate morality. This is why by the late 14th century, the official titles for these artisans changed from “bow artisan” (kungjang 弓匠) and “arrow artisan” (sijang 矢匠) to “bow person” (kungin 弓人) and “arrow person” (siin 矢人). For convenience, I translate the latter two as bowyers and fletchers. Chang notes in her article that bowyers and fletchers had a more leisurely rotation schedule, working on a six-month rotation for 18-month cycles. Chang’s footnote for this point, however, was misplaced and more research is needed to verify this point. Chang, “Chosŏn hugi kungin,” 116n28. For an example of the court’s preferential attitude towards bows compared to other weapons, see Yi, Yanghodang ilgi, v.1, 1594/3/7, 49.] 
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10 groups with 400 workers each.[footnoteRef:98] In another example, the Gunnery Guards (Ch'ongt'ongwi 銃筒衞) who served on a six-day basis allocated one day to make their own weapons at the arsenal.[footnoteRef:99]	 [98:  	T’aejong sillok, 1406/04/01#2: 軍器監屬四千口, 每一番四百口, 輪次立役.]  [99:  	The Gunnery Guards (Ch'ongt'ongwi 銃筒衞) trained for two days, made rocket arrows (ch'ongt'ongjŏn 銃筒箭) for one day at the arsenal, and rested for three days. The blurring of skill and specialization between soldiers and artisans is a significant phenomenon that will be discussed later in Chapter 2. Munjong sillok, 1451/7/11#5: "前此受敎: ‘銃筒衛, 宜習銃筒放射之事, 令出番者, 悉詣軍器監, 造銃筒箭, 使知銃筒字號及藏藥之數.’ 今出番者, 皆於訓鍊觀習放, 故多不詣軍器監, 以廢本業. 請令出番六日內, 訓鍊觀二日, 軍器監一日, 休息三日". For more on the Gunnery Guards, see Chosŏn sidae hwayak, 76, 80–1, 88, 105, 111, 124, 151–7, 240–1.] 

It was standard practice in the early Chosŏn to levy artisans, soldiers, and other corvée laborers in rotations. The idea was to exploit the populace temporarily and dismiss them after the shift so that they may practice their trade privately or return to agriculture. Yet, the system at the arsenal was unusual: its workers rotated as quickly as every five days, while various groups of assistants shifted in and out on different rhythms altogether. Why the bother?
	One possibility is that it saved money: apparently, the quick rotations meant—for some artisans—a smaller stipend for their work.[footnoteRef:100] It is also plausible, however, that the configuration was an intentional act to break up the workers’ routines into more manageable and controllable fragments—a practice that anticipated managerial methods on the modern factory floor. We will likely never know for sure, but what is clear is the following: this complicated system would only have worked under two conditions. Production would have had to be segmented into its minute parts so that artisans could rotate in and out of production seamlessly. Also, administrators had to know, measure, and connect the different units of production lest the workflow finds disruption with each rotation. [100:  	Indeed, some complained about this, while others vied to transfer out of the arsenal. Sejong sillok, 1434/6/11#5: 本監匠人五日相遞入番, 只受一時之料…苦役尤甚, 故其中才熟富强者, 投屬歇處, 新屬者亦皆窺免.] 

Both conditions were true. That production was segmented at the arsenal can be seen first with the compartmentalization of workspaces (Figure 3). In addition to administrative spaces such as the grand hall (taech’ŏng 大廳), artisan lodges (nangmu 郞廡), and the various storerooms, the arsenal divided itself into specialized sites of production—namely, forges (yaroso 冶爐所), foundries (chusŏngsaek 鑄成色), armories (chogapso 造甲所), bow and arrow works (kungjŏnso 弓箭所), and gunpowder works (yaksaek 藥色or hwayak kamjoch'ŏng 火藥監造廳).[footnoteRef:101] In each of these, artisans were apportioned according to their specialties, presumably with each craft type corresponding to a step in the production sequence. [101:  	Kim Irhwan only lists four production sectors, excluding the foundry. Kim, “Chosŏn ch’ogi Kun’gigam mugi,” 52. Also see Yi Sŭngwŏn, et al., Sŏul Kun’gisi, 44–5.] 

How did each of these workspaces organize their work? Early evidence has survived on the manufacture of rocket arrows (ch'ongt'ongjŏn 銃筒箭), which were arrowed projectiles launched from cannon. In 1493, when the court had these made, the job was broken down into five steps. Carpenters (mokkong 木工) built arrow frames, engravers (kakchang 刻匠) carved out crevices, tanners (p'igong 皮工) fletched, and finally, ironsmiths (ch'ŏljang 鐵匠) and polishers (yŏnjŏngjang 鍊[正]匠) forged and filed arrowheads.[footnoteRef:102] This shows associations between craft types and production steps. By extrapolation, then, we can imagine that in 1434, when there were up to 30 craft types, the arsenal would have overseen at least that many stages in its overall production scheme (Figure 3). [102:  	Sŏngjong sillok, 1493/01/03#2: 木工先造矢幹, 刻匠鑿其附羽處, 皮工附羽, 鐵匠做鏃, 又鍊匠鍊之, 造一箭. ] 

Even better data have survived for the foundries that made cannons, which were probably the most complex objects built at the arsenal. Take, for instance, the detailed logs left by the Firearms Directorate (Hwagidogam 火器都監), which took after the arsenal in 1614.[footnoteRef:103] As shown in Table 4, this directorate split work into two production lines—left and right, and ran at least 12 steps of manufacture parallelly. The production scheme looked differently for each artifact, but the procedures for the classic “Black mark cannon” (hyŏnja ch'ongt'ong 玄字銃筒) went as follows. First, as in many casting operation, a wooden prototype (mogyang 木樣) was prepared to serve as a pattern, or replica of the object to be cast (more on “prototyping” in Part II). For this, a team of woodworkers (somokchang 小木匠), lathe turners (majojang 磨造匠), and clog makers (chegŭkchang 蹄屐匠) were put to task: the first and last shaped the pieces with saws, rasps, and  [103:  	The Firearms Directorate was in operation for one year only, and its resources were pulled together from various other state agencies but primarily the Government Arsenal. To transmit technical know-how, Yi Sajong (李嗣宗, n.d.) was sent from the arsenal to serve as Superintendent Gunsmith (chisa hwap'ojang 事知火砲匠) at the new agency. Hwagi togam uigwe, 27, 143: 事知火砲匠一名令軍器寺定送. Material resources were also transferred from the arsenal to the agency such as the iron supplies that the arsenal received annually. Ibid., 32: 國用軍器寺一年正鐵外貢之數僅一萬斤我國之習既曰外貢則雖產鐵之邑, 皆不以本色上納例以米布輸送中間盡為花稍畢竟入于公家者不過一萬斤正鐵豈不甚可惜也. 今宜令戶曹別樣借備軍器寺一年外貢正鐵之數以定公家之用黃海金羅公洪等道軍器寺外貢正鐵之價使之輸送于戶曹上來之後令戶曹輸納于都監則工匠料食銅鐵正鐵亦可推移貿用如此為之則實為兩使依此施行何如. The finished products were stored in the arsenal. Ibid., 134: 以上軍器寺姑為留置次.] 
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planes, while the lathe turners smoothened surfaces by rotating a horizontal lathe (karit'ŭl 갈이틀; also known as sŏnch'a 旋車) (Figure 4).[footnoteRef:104]  [104:  	Ibid., 143. For details on lathe turners and the disambiguation of their craft and techniques, see Ch’oe Kongho 최공호, “Karit’ŭl ŭi myŏngch’ing kwa majojang ŭi soim 갈이틀의 명칭과 마조장의 소임 [Naming of the Lathe and the Duty of the Lathe-Turner],” Misulssa nondan 43 (2016). Lathe turners also specialized in making wooden waddings (kyŏngmok 激木) for cannon. My research shows that in the 19th century, lathe turners were also called karijang (K: 갈이장, Ch: 加里匠). Chigugwan ch’ŏnghŏn ilgi 知彀官廳憲日記 [Diaries of the Chief Petty Officers] (n.p., 1874–1882), Changsŏgak Collection, K2-3375, 1878/6/27.] 

This prototype was prepared in halves and then placed into a matching set of flasks (i.e., drag and cope), built by framers (kijang 機匠). After that, the sand molders (sojang 塑匠) filled the cavity with a mixture of riverbank soil (p’ot’o 浦土) and red ocher (hwangt’o 黃土), followed by the foundrymen (kwŏllojang 權爐匠) and casters (chujang注匠) who prepared and poured the molten metal, respectively. The final casting was then retrieved, its rough surface filed by polishers (yŏnmajang 鍊磨匠), and a touchhole pierced into the powder chamber by drillers (ch’ŏnhyŏljang 穿穴匠). The cannon maker (hwap’ojang 火砲匠) was a “knowledgeable” (saji 事知) master artisan who oversaw this entire process.[footnoteRef:105] Along with the production manager (discussed below), the founder inscribed his name onto the barrel, which was a mark of authority as well as responsibility should any accidents or failures occur due to poor manufacture.[footnoteRef:106] [105:  	Hwagi togam uigwe, 104–5.]  [106:  	Conventionally, early Chosŏn pieces carried just one name for the cannon maker. For examples, see Yi Kangch’il 이강칠, Hanʾguk ŭi hwap’o: chihwasik esŏ hwasŭngsik ŭro 한국의 화포: 지화식에서 화승식으로 [Korean Cannons: From Manual to Matchlock Ignition] (Tongjae, 2004), 47, 54, 64, 65. Sometimes, production managers also inscribed their names. Yi Hyŏnsu 이현수, et al., Han’guk chŏnt’ong mugi chosa: togŏm, hwagi ryu 한국 전통무기 조사: 도검, 화기류 [Research on Korean Traditional Weapons: Swords and Firearms] (The National Folk Museum of Korea, 2003), 208, 341.] 
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	Production Managers 監造官

	Production Manager of the Left
左邊監造官
	Ch'oe Tŏngmun
(Yi Sunbok)
	Production Manager of the Right 右邊監造官
	Cho Ch'ŏnjong

	Joint Overseers for Left and Right Production Lines左右邊

	Superintendent Gunsmith
事知火砲匠
	Yi Sajong

	Model makers
火砲木樣造作匠
	Small-Wood-Carpenter 小木匠Namkung Saeng,
Lathe Turner 磨造匠 Kim Sungnyŏn,
Clog Makers 蹄屐匠Yun Hŏnongsŏn

	
	Left Production Line左邊
	Right Production Line右邊

	Founder
權爐匠
	Kang Mallam, Kim Ch'ung
	2
	Chang Poksu, Chang Chagŭnsoe
	2

	Framer
機匠
	Kang Unsu, Yi Ŭngsŏn, Yi Pok, Kim Ryong, Paek Inok
	5
	Ch'oe Hŏnong, Hong Ch'ŏn'gyŏng, U Sinsaeng, Yi Osiptong, Cho Hŭinam
	5

	Sand molders 
塑匠
	Ŏm Innam, Kim Kang, Yi Ŏrigae, Ŏ Ŏttunbok
	4
	Hyŏn Hŭibok, Im Tŏngnam, O Ŭngch'am, Yu Hŏnong
	4

	Blacksmith
冶匠
	Kim Inhoe, Song Oksu, Kim Hŏnongsoe, Yi Kaettong, Ch'oe Susok, Sin Ŏnnamŭ, Kim Ch'ŏng, Kim Tunam, Ch'oe Tŭkhyŏn, Hwang Ch'ŏnil
	10
	Pak Hwansu, Kim Ryong, Chŏng Tong,Yu Sŏngnam, Kim Kaettong, Kim Hyosŏn, O Malssŏn, Kim Nam, Yi Ch'ŏn, Hwang Tŭksin
	10

	Caster
注匠
	Kim Pussil, Cho Soe, Kim Munam, O Uun
	4
	Pak Anbok, Kim P'ahoe, P'i Tolssoe, Kim Ch'ongji
	4

	Driller
穿穴匠
	Kim Hŭinam
	1
	Kim Mallyong, Kim Tŏngnam
	2

	Sight maker
照星匠
	Ham Ŏnsu
	1
	Kim Tŏgyun
	1

	Brass plater
豆錫匠
	Cho Pŏmsan
	1
	Yi Tŭngnyong
	1

	Carpenter/Woodworker
木手/小木匠
	Yi Wŏn
	1
	Pak Hŭidong
	1

	Total
	29
	30



Source: Hwagi togam uigwe, 140–3.
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[bookmark: _Ref35851118][bookmark: _Toc37456614]Figure 4. Korean Lathe Turner. Museum of Korean Christianity, Soongsil University, South Korea. Shown is a lathe turner shaping and smoothening the surface of a brass bowl. The lathe is rotated by foot pedals hidden beneath the surface. A drawing titled “Cutting brass bowl” (t'unggŭrŭt kkakko 퉁그릇 깎고) by painter Kim Chun'gŭn (金俊根, active late 19th century).


Coping with Complexity: Managership

This shows that the arsenal made precocious efforts to organize production by rotating the artisans and fragmenting their craft. But without skillful coordination on the shop floor, the arrangement could only have meant chaos. How did they manage?
To begin, one possibility we can eliminate is the role of “skillful” high-ranking officials (e.g., directors and supervisors). Surely, some—like the aforementioned Ch’oe Haesan and Yi Ch’ŏn—possessed craft knowledge and perhaps even manual aptitude. Ch’oe was the scion of Ch’oe Musŏn (崔茂宣, 1325–1395), famous for first introducing gunpowder-making techniques into the peninsula, and he carried his father’s mantle as a firearms expert at the arsenal.[footnoteRef:107] Yi was a renowned military general and an authority on metallurgy: he was “exquisitely skilled” (chŏnggyo 精巧) in armor and cannon, as well as bells, movable metal type, and a host of astronomical instruments such as the armillary sphere (honŭi 渾儀), the abridged armilla (kanŭi 簡儀) and the gnomon (kyup'yo 圭表).[footnoteRef:108] [107:  	Sinjŭng Tongguk yŏji sŭngnam, f.2, Kyŏngdo 京都, Ha 下, Kun'gisi Hwayakko Ki 軍器寺火藥庫記; Kyoŭn sŏnsaeng munjip, 194–9: 初破唐船火器一物, 自忠淸至議政府, 問名於軍器判事郭海龍, 則對曰火器者, 中國秘術也. 吾雖久於彼亦未知也. 及崔君之在職也. 目擊其器乃曰此碗口也. 蓋平日從先君, 熟聞其名, 與其制度也. 殿下命海山, 鑄其器, 退以鑄大中小, 凡二十以進出解溫亭, 試其放火石砲, 則能及於百有五十許出, 故賜以內乘, 鳴呼.) For discussion on dating this event, see Hŏ, Chosŏn sidae hwayak, 27. After the founding of Chosŏn, Ch’oe Haesan was promptly recruited into the arsenal and made to produce weapons for military expeditions, including various types of cannon, gunpowder projectiles and fire wagon (hwach’a 火車). T’aejong sillok, 1409/10/18#2: 賜軍器少監李韜, 監丞崔海山馬各一匹. 上御解慍亭, 觀放火車, 有是賜…火車之制, 以鐵翎箭數十, 納諸銅桶, 載於小車, 以火藥發之, 猛烈可以制敵. For more on Ch’oe Haesan and his role in the development of firearms during the early Chosŏn period, see Chosŏn sidae hwayak, 12, 23, 50, 54, 70, 76, 79, 114–5, 239.]  [108:  	For Yi Ch’ŏn’s biography, see Munjong sillok, 1451/11/8#2: 謚翼襄, 思慮深遠翼, 甲胄有勞襄. 性精巧, 如火砲, 鍾磬, 圭表, 簡儀, 渾儀, 鑄字之類, 皆其監掌也.] 

But in reading the sources that describe their feats, we must mind that they abbreviate the talented artisans who supported their success. Also, even if we give them the benefit of doubt, it bears noting that such officials were more the exception than the norm: most officials did not supervise production directly and they were certainly separated from the reality on the shop floor by multiple strata of subordinate supervisors.[footnoteRef:109] [109:  	In 1414, officials at the arsenal were fired because they did not supervise production directly and left it to the artisans. T’aejong sillok, 1414/11/4#1: 罷軍器副正崔海山, 判官梁淮, 直長孫君達, 錄事尹謹職. 初, 命海山監造中國鏡幡甲, 將以分送各道, 海山不自監造故也.] 

Where then can we find individuals that actually ran the shop—and might embody both skill and knowledge to do justice to the job? One telling episode occurs from 1602 when a “sting investigation” revealed a glimpse of daily work at the arsenal:
Even if the various officials come to work on time and inspect the production every day, there would still be worry of the artisans’ being negligent. But during the investigation today, there was not a single official who showed up, other than the production manager (kamjogwan 監造官).[footnoteRef:110] [110:  	Sŏnjo sillok 宣祖實錄 [Veritable Records of Sŏnjo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1602/9/30#1: 官員等, 逐日仕進檢督, 尙有工匠緩慢之患. 今日摘奸, 則監造官外, 無一員進參.] 


If one were to visit the shop without notice—as during this investigation, there would be just two kinds of people working: the artisans and the production managers.
I argue that the latter—shortened simply as “managers” (kamgwan 監官)—were part of the small pool of middling technical experts who straddled the supervisors above and the artisans below. These were hands-on officials who rubbed shoulders with artisans, collaborating out of reciprocal interests.[footnoteRef:111] To date, their work has been little understood—and in fact, misunderstood as a 17th century phenomenon. But this had in part to do with the elusive nature of managership: it was a “role” not a “position” per se. That is, officials took on the “role” for a particular work at a particular time, in which case their original title—say, steward or keeper— [111:  	If resulting products were high quality, they received promotion; if not, everyone was punished. Sejong sillok, 1459/6/2#4: 軍器監弓絃製造不精, 易致斷絶, 自今監造官及匠人, 依操鍊軍士條罪之, 兩界所用弓絃, 則以生絲, 送諸鎭, 令守令監造, 亦依上項例置簿科. Also see Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 82.] 
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[bookmark: _Ref36033453][bookmark: _Toc37456615]Figure 5. Earliest evidence of managership, 1557. Tonga University Museum, Busan, South Korea. The cannon is inscribed with the names of Manager Yi Taeyun (李大胤, n.d.) and Cannon Maker Kim Ryŏn (金連, n.d.).

would then become prefixed with “production manager.” In the next chapter, we will learn more about this practice—and the proliferation of managers in the late Chosŏn, but it suffices here to recognize this: managership already existed in the military workshops of the early Chosŏn; in fact, its first unequivocal evidence—for the military sector and beyond—is found in a pair of cannons made in 1557 (Figure 5), inscribed clearly with the name of a production manager and his lead artisan.[footnoteRef:112] [112:  	The full inscription is as follows: “On the 4th month of 1557 (Kajŏng samsibyungnyŏn sawŏril 嘉靖三十六年四月日), cast in the Kimhae regional workshop (Kimhae tohoe chusŏng 金海都會鑄成), an Earth mark cannon weighing 144 kŭn and 4 ryang (Chija chung ilbaeksasipsagŭn saryang 地字重壹百肆十肆斤肆兩), by Manager (kamjo[gwan] 監造[官]) Former Border Officer (chŏn kwŏn'gwan 前權管) Yi Taeyun (李大胤, n.d.) and Artisan (changin 匠人) Kim Ryŏn (金連, n.d.). Tonga University Museum, Busan, South Korea.] 

Managers availed themselves of their proximity to artisans and planned production with meticulous detail. One telling practice is their use of daily production quotas (kongjang ilgwa 工匠日課). As early as 1448, when King Sejong ramped up the manufacture of firearms across the dynasty, he had the Government Arsenal (i.e., its managers) coordinate the various satellite workshops in the provinces to deliver goods. In the process, we find that the logic of assigning quotas—which was presumably already modus operandi at the mother workshop—was now extended to the locale: the new regulations stipulated that a daily amount be produced by each garrison workshop (as was the cannon in Figure 5), that the said workshop then report to the provincial governors monthly about their cumulative progress, and that governors compile a tri-monthly report to the arsenal. Finally, as a capstone to the process, managers were then dispatched from the arsenal to inspect for quality and keep inventory at the end of each year.[footnoteRef:113] [113:  	Sejong sillok, 1448/12/6#1: 各營鎭旣有工匠, 製造軍器, 則銃筒箭, 勿令監鍊官監造, 分送見樣箭于各營鎭, 依樣製造. 然無課程, 則工匠必不勤業, 邊將亦不之察, 虛消日月, 實爲未便. 自今定其日課, 令各營鎭各浦工匠日課, 每月季報監司, 監司每三月計數啓聞, 每年終, 分遣軍器監官員點檢.] 

This was, according to the sources, a “production program” (kwajŏng 課程), without which “the workers would certainly not work diligently (p'ilbul kŭnŏp必不勤業).”[footnoteRef:114] How does one go about crafting such a program? [114:  	Ibid.] 

Returning to Firearms Directorate, we can reconstruct the initial step: measure the bodily capacity of a certain type of artisan to deliver a certain type of craft. This is not so much daily production quota as, if you will, “daily production capacity”: the idea was to understand the “capacity” of an artisan to work and then match it with a part of the production sequence that required the said artisan’s skill. Take, for instance, the work of a caster. In 1614, managers at the directorate investigated the output of an individual caster and then converted it across the different artifacts (or their parts, rather). This yielded a series of “capacity” calculations:
4 days per three-barreled gun, 
1 day per victory cannon, 
1 day per fire-lance, 
3 days per Frankish cannon 4th order, 
1 day per 4 powder chambers 4th order, 
5 days per 2 Frankish cannon 5th order, 
1 day per 5 powder chambers 5th order, 
2 days per Black mark cannon, 
1 day per Hundred mark cannon.[footnoteRef:115] [115:  	Kim Kiung 김기웅, et al., Hanʾguk mugi paltalsa 한국무기발달사 [History of Korean Arms Development] (Kukpang Kunsa Yŏn’guso, 1994), 663.] 


To translate the artisan’s capacity across this range of materials, it was necessary to incorporate some knowledge about the artifacts themselves. An easy example is the three-barreled gun: it required three separate barrels to be casted, welded together around a handle, and then filed away for any protuberances—and hence the greatest number of days assigned. We must remember, however, that production was segmented—i.e., involving different artisan groups. Managers thus had to repeat the process all around the workshop, going from framers to sand molders, from drillers to carpenters, and so on. And after all this knowledge-gathering, enough data was finally had to hammer out a plan.
As managers moved from one artisan to another, and one artifact to another, we can imagine their body of knowledge growing cumulatively to represent the whole. This, when compiled into a table that pleases our modern perception (Table 5), shows the contours of their empirical data about crafts and capacities. If artisans shaped weapons with their skillful hands, what we see here is also an emerging artifact fashioned by the manager’s own hands—an “object” of craft knowledge itself.
This was one way to cope with complexity on the shop floor, a manager’s way to manage.  Yet, beyond demonstrating to us how the workshop worked, the strategies of segmenting and programming lead in turn to a broader point about the very nature of the arsenal as a site of knowledge production: this preindustrial factory, given its size and complexity, was conferring selective pressures for the entanglement of different communities of knowledge. It opened, if you will, trading zones between skilled practitioners and their learned counterparts.


[bookmark: _Ref35982239][bookmark: _Toc37456279]Table 5. Daily Production Capacity at the Firearms Directorate
	
	Three-eyed gun
三眼銃
	Small victory cannon
勝字銃
	Fire-lance 快鎗
	Frankish cannon 4th order 佛朗機四號
	Powder chamber 4th order 四號子砲
	Frankish cannon 5th order 佛朗機五號
	Powder chamber 5th order 五號子砲
	Black mark  cannon 玄字銃筒
	Hundred mark cannon 百字銃筒

	Founder
	
	
	
	1 day per round 巡 of smelting; 2 castings 機
	
	1 day per round 巡 of smelting; 2 castings 機
	
	1 day per round 巡 of smelting; 2 castings 機
	1 day per round 巡 of smelting; 2 castings 機

	Framer
	
	
	
	1 day per round according to number of castings 鑄成巡數

	Sand molder
	
	
	
	

	Blacksmith
	4 days per barrel 柄
	2 days for piece 柄
	2 days per barrel柄
	1 day per decorating 5 places位
	
	1 day per decorating 5 places位
	
	
	1 day per decorating 10 places位

	Caster
	4 days per barrel 柄
	1 day per piece 柄
	1 day per barrel柄
	3 days per place 位
	1 day per 4 chambers門
	5 days per 2 places 位
	1 day per 5 chambers 門
	2 days per place 位
	1 day per place 位

	Driller
	1 day per 10 bits 介
	1 day per 10 pieces 柄
	1 day per 13 barrels柄
	1 day per 13 places位
	1 day per 8 chambers 門
	1 day per 13 places 位
	1 day per 8 chambers 門
	1 day per 6 places 門
	1 day per 7 places 位

	Sight maker
	
	1 day per 2 pieces 柄
	
	
	
	
	
	
	

	Brass plater
	
	1 day per 6 pieces 柄
	
	
	
	
	
	
	

	Carpenter/Woodworker
	
	1 day per 2 pieces 柄
	
	
	
	
	
	
	



Source: Kim Kiung, et. al., Han'guk mugi paltalsa, 663.

Trading Zones and Emerging Artisans

So far, we have appreciated the nature of the arsenal as a workshop, and the ways in which artisans and officials worked together to organize production. That their interactions lasted for centuries, however, suggests that the participants may also have transformed in the process. Did trading zones develop within the arsenal, whereby pieces of skill and knowledge were exchanged between the workmen and the supervisors?
We have already reviewed some affirmative evidence. That is, when it came to the officials, the managers in particular were active learners. In order to draw up a production program, they would enter the shop, inquire about crafts and techniques, and even compile data on the capacity of individual artisans.
Another positive indication is the appropriation of workshop terms by the managers. With a keen eye for writing practices, we can see that they lifted vernacular words from the mouths of artisans into the realm of the literary Sinitic. Sifting through the Firearms Directorate’s logs, various examples are found of terms concerning artisanal objects, tools, and practices: soettŏngŏri (K: 쇳덩어리, Ch: 作塊鐵), a type of crude iron shaped into ingots commonly known as pig iron; mach'i (K: 망치, Ch: 亇赤), a hammer; chul (K: 줄; Ch: 乼), a metal rasp used to file surfaces; and kyŏnyang (K: 겨냥, Ch: 見樣), the practice of making prototypes (detailed in Part II).[footnoteRef:116] [116:  	Hwagi togam uigwe, 143-44.] 

This phenomenon has been identified by Pamela Long as a form of “translation,” characteristic of trading zones in the early modern period. In places where skilled and learned practitioners met and collaborated, she notes, the two groups found creative ways to communicate and coordinate, resulting in their respective “languages”—linguistic and more—rubbing off on each other.[footnoteRef:117] [117:  	Long, “Trading Zones,” 846–7.] 

This similarity notwithstanding, it seems that the trading zones at the arsenal were not so productive for the officials. For one, there was no proliferation of “handy scholar-officials” in the same way that we see for their contemporaries in Western Europe, or for their military counterparts in the late Chosŏn period. This may well be due to the small pool of middling technical experts in the early Chosŏn: the number of administrators at the arsenal were barely over a dozen. Or perhaps it is simply the lack of extant sources—e.g., firsthand notes, sketches, or manuscripts that could suggest otherwise.
At any rate, where we see more fruition for the early Chosŏn period is in the hands of the artisans. Reading through historical sources on the arsenal, one cannot help but wonder: did the hundreds of craftsmen and assistants working in this premodern factory get anything out of their labor other than sweat and toil? In the remainder of this section, I show that some, especially cannon makers, entered the trading zone and became knowledge practitioners in their own right.

Cannon Makers: A New Artisanship

Cannon makers were a new category of craftsmen who formed in the very crucible of the arsenal’s trading zone. In the late 14th century, the knowledge that would eventuate in their craft first entered Korea: a Chinese saltpeterer (yŏmch'ojang 焰硝匠) transmitted the techniques of gunpowder manufacture to general Ch’oe Musŏn (崔茂宣, 1325–1395). As mentioned before, the latter was the father of Ch’oe Haesan and a crucial figure who would go on to establish the Fire Barrels Directorate of Koryŏ and manage the first production of gunpowder weaponry on the Korean peninsula. For our purposes here, his expertise was kept a family secret, rather than spreading broadly or fully amongst the early producers.[footnoteRef:118] Apparently, only the young Ch’oe continued his father’s knowledge through the help of technical manuals such as Methods of Gunpowder Training (Hwayak suryŏnbŏp 火藥修鍊法) and Methods of Cannon Making (Hwap'obŏp 火砲法).[footnoteRef:119] [118:  	On the Ch’oe family’s monopoly of gunpowder knowledge, see Hŏ, Chosŏn sidae hwayak, 50–4.]  [119:  	There was also a painting (or possibly a technical drawing) passed down to the young Ch’oe—named “Using Cannon to Slay Barbarians” (Yong Hwap’o Sŏmjŏkto 用火砲殲賊圖). For a brief overview, see Ibid., 260–1. Also see Sinjŭng Tongguk yŏji sŭngnam, f.2, Kyŏngdo 京都, Ha 下, Kun'gisi Hwayakko Ki 軍器寺火藥庫記; Kyoŭn sŏnsaeng munjip, 194–9: 宜錄火藥始末以誌, 廳壁彰先君所以區區之意於無窮, 亦惟子是托耳, 幸筆之, 今接本監; T’aejo sillok 太祖實錄 [Veritable Records of T’aejo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1395/4/19#1: 子海山. 茂宣臨卒, 以一卷書屬其夫人曰: "待兒長, 以此與之." 夫人藏之甚密, 及海山年十五稍識字, 出而與之, 乃火藥修鍊之法. 海山學其法見用, 今爲軍器少監.] 

By virtue of its introduction, then, the techniques of gun and gunpowder production emerged from the top of the officialdom, and quickly became codified into writing at the hands of the Ch’oe patriarch. This means, conversely, that there was at first no time-honored artisan group that passed down the knowledge, from master to apprentice, but that new practitioners would have had to “study” under the direct a knowledgeable supervisor. To be sure, if production happened during Koryŏ, Ch’oe senior could have spilled some knowledge to his subordinates. At this early stage, however, the manufacture was still meager, and while there might have been workmen who delivered services, we find no evidence of artisans who assimilated the craft as their own.
During the course of the 15th century, however, a new pattern of knowledge production developed at the arsenal: the Ch’oe monopoly on gun(powder) knowledge succumbed to the rise of so-called “powder smiths” ([hwa]yakjang [火]藥匠)—an old name for cannon makers. These artisans begin to appear in the court annals after 1407: we learn that at the time, 33 powder smiths were already working at the arsenal under Ch’oe Haesan.[footnoteRef:120] It was only a few decades later, however, that the powder smiths became self-sufficient and replaced their knowledge-patron. Around 1432, when the court decided to appoint Ch’oe Haesan to a provincial position (i.e., out of the arsenal), some worried that his absence might disrupt gun(powder) production. It was reported, however, that the powder smiths had “already learned the techniques” (i sŭp kisul  已習其術) and could now manage on their own.[footnoteRef:121] This they did, and another report confirmed it two years later: apparently, cannon production was now “entrusted entirely to the powder smiths, and there were no officials who managed production (kamjang chi gwan 監掌之官).”[footnoteRef:122] [120:  	Ch’oe first joined the arsenal in 1395 as a third supervisor 少監. T’aejo sillok, 1395/4/19#1: 今爲軍器少監. For the first few entries on powder smiths, see T’aejong sillok, 1407/12/30#2: 賜軍器監火藥匠三十三名各米一石; 1410/12/26#3: 命軍器監張火戲于宮中, 賜藥匠二十六名米人一石; 1411/1/9: 海山於除夜進火戲之時, 不自躬察, 以致惑衆, 罪應杖百. 命宥海山, 鞭其藥匠.]  [121:  	Sejong sillok, 1432/4/22#4: 召黃喜, 孟思誠, 權軫, 許稠等議曰: "今以崔海山判鏡城郡事, 有一大臣曰: ‘海山出外, 則軍器監之事, 必至凌夷.’ 何以處之?" 喜,思誠等曰: "如此之人, 不可不知閫外之事. 且本監藥匠, 已習其術, 海山雖一二年在外, 亦無大害.]  [122:  	The term “officials who manage production” seems to be a precursor to “production manager.” Ibid., 1432/4/22#4: 軍器監火砲, 關係匪輕, 委之藥匠, 而無監掌之官, 倘有事變, 誰能掌之?.] 

As shown, by the middle of the 14th century, a group of artisans named powder smiths had availed themselves of the trading zone and assimilated their superiors’ knowledge as their own.[footnoteRef:123] Ironically, then, the situation would turn around so much that the powder smiths had now to “instruct” new production managers.[footnoteRef:124]  [123:  	In fact, the court left ample recognition of this—i.e., that substantial knowledge resided in the hands of powder smiths—and worried incessantly about dispatching them to the provinces for further production: the authorities feared that powder smiths might be captured and forced to leak their techniques to the Japanese. Namely, the authorities feared that they might be captured and forced to leak their techniques to the Japanese. The fear was such that powder smiths were subject to state monitoring even after retirement, and one official even suggested confiscating existing copies of the Records on Gunpowder Weaponry and translating them into the Korean vernacular as a code language. For more see, Hŏ, Chosŏn sidae hwayak, 36, 171–8.]  [124:  	Here, it would be far-fetched to suggest here that these artisans reached above the scholar-elites who were a world away in terms of social and political clout. Yet, their knowledge certainly had authority, and it was their superiors who now were to benefit from the trading zone.] 

In 1434, after the aforementioned report about the lack of managers, the court decided to appoint “concurrent weapons experts” to prepare against the potential loss of knowledge at the hands of the artisans. These concurrent experts, as noted before, were scions of prominent scholar-aristocrats who were to bring their writing skills to learn (and appropriate) the craft of the powder artisans.[footnoteRef:125] Curiously, however, the “apprenticing” scholars did not rise to the occasion. A few years later, they were put to a rigorous test with improving the range of existing cannons. Apparently, however, the results were not so impressive, and even after many trials, the shooting test of 1444 produced barely acceptable results.[footnoteRef:126] At the time, arguments arose at court whether this was not enough, but the reigning king at the time—Sejong—demanded that they try again, this time by calibrating the weight of the arrowed projectiles (sijigyŏngjung 矢之輕重).[footnoteRef:127] After many months, however, little improvement was made,[footnoteRef:128] and the arsenal’s officials—even director Yi Ch’ŏn—became resigned on the matter. [125:  	For one, the institutions of appointing long-term officials and concurrent positions at the arsenal was in part to increase the number of managers—other than Ch’oe Haesan—who could supervise gunpowder making. Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 59–61, 86.]  [126:  	Sejong sillok, 1445/3/30#1: 前年秋, 更論火砲之制, 令軍器監試諸火砲, 黃字砲及於四五百步, 地玄字砲用藥雖多, 而不及焉. 架字砲或及二三百步而不及二百步者多, 細火砲皆不及二百步.]  [127:  	Ibid.: 地玄火砲用藥多, 當遠過於黃字, 而不爾者, 矢之輕重, 未得其中也, 宜更求之. 架子火砲細火砲不及二百步者多, 是可恨也, 亦宜更定矢制以試之. For an overview of Sejong’s research project, see Hŏ, Chosŏn sidae hwayak, 75–80; Kim, “Chosŏn ch’ogi Kun’gigam mugi,” 55–64.]  [128:  	Sejong sillok, 1445/3/18#2: 火砲之法, 在太宗時致意焉, 而其矢不過二三百步. 予嘗擇置提調, 又立兼官, 以專其任, 而亦未有加也…以此觀之, 予之前日所以置提調兼官者, 徒爲具官耳, 擧此一事而可知其餘矣; 1445/3/30#1: 軍器監累月求之, 竟未得術.] 

The ordnance research of the 1440s ended up bringing the spotlight back to the powder smiths. In 1445, as a last resort, the task was handed over to these artisans: upon special order, a separate foundry (yaso 冶所) was set up next to the palace compounds, and the powder smiths were transferred there to work independently from their superiors at the arsenal. Their mission, as the sources put it, was to “recast cannon to investigate the techniques of distance firing (kaengju hwap'o i ku wŏnsachisul 更鑄火砲, 以求遠射之術).”[footnoteRef:129] At the palace workshop, powder smiths had relative freedom to research: they were paid in advance of their services to ease economic worries,[footnoteRef:130] as well as being saved from other distracting work—such as the job of incorporating gunpowder—so that they may focus only on designing firearms (chiryŏng chejo hwap'o 止令制造火砲).[footnoteRef:131] The sources tell us obliquely that this was in part because the king mistrusted the managers. Even as he allowed that those at the palace workshop—i.e., princes handpicked from the royal family—were better than those at the arsenal, the king maintained as follows: “no matter how meticulously [the managers] plan at the top, it is up to the [artisans’] work at the bottom that will bring the matter to success.”[footnoteRef:132] [129:  	Ibid.: 予卽命軍器監, 設冶於行宮之側, 更鑄火砲, 以求遠射之術. Kim Irhwan saw this as the rise of a “royal supervision system” (kugwang ŭi chikhal ch'eje 국왕의 직할체제) and interprets the events happening thereafter as independent of the Government Arsenal or the work undertaken there up to this point. We must recall, however, that the palace workshop was set up by the arsenal and operated by its artisans, and that there was a significant transfer of knowledge and skill from the arsenal. In the end, what came out of the experiments at the palace workshop fed back into the arsenal as well. Kim, “Chosŏn ch’ogi Kun’gigam mugi,” 62–3.]  [130:  	Sejong sillok, 1445/3/18#2: 今年饑甚, 火砲匠人, 不宜役使, 然作事而不可中止…匠人能從指授, 善成其事, 則終當論賞, 然身從役使, 而內憂妻子之養, 則事不專精矣. 予欲先恩賜, 以勵其心, 磨勘以聞.]  [131:  	Ibid., 1445/8/26#1: 今後火砲合藥, 令宦官掌之. 火藥匠, 改稱火砲匠, 止令制造火砲. For more on the separation of cannon makers from powder smiths, see Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 75.]  [132:  	Ibid., 1445/3/18#2: 今令臨瀛, 錦城監掌之矢, 過八九百步, 或至千餘步...且在上者雖善布置, 而在下者不供其事, 則事不成矣.] 

The artisans did not disappoint: after several months, another shooting trial showed that the range of their recalibrated cannons had indeed doubled, and accuracy also improved.[footnoteRef:133] This success led to another, and in fact, the project continued for three more years whereby the powder smiths’ work was now replicated across the various regional workshops, and any outstanding issues collected and reported back. The feedback process, which linked artisans in Seoul to their counterparts throughout the peninsula, was no joke: for instance, it was later learned that widening the diameter of the touchhole (a vent for igniting the charge) was more efficient on certain models, so revisions were made in units as small as 0.3 mm (ri 釐).[footnoteRef:134] As these efforts continued, a milestone was achieved in 1448: the publication of a new technical manual that encapsulated the progress made thus far, or Records on Gunpowder Weaponry (Ch'ongt'ong tŭngnok 銃筒謄錄).[footnoteRef:135] [133:  	Ibid., 1445/3/30#1: 前天字火砲, 不過四五百步, 今所鑄則用藥極少, 而矢及一千三百餘步, 一發四箭, 皆及千步, 前地字火砲, 不過五百步, 今則用藥同, 而矢及八九百步, 一發四箭, 皆及六七百步, 前黃字火砲, 不過五百步, 今則用藥同, 而矢及八百步, 一發四箭, 皆及五百步, 前架子火砲, 不及二三百步, 今則用藥同, 而矢及六百步, 一發四箭, 皆及四百步, 前細火砲, 不過二百步, 今則用藥同, 而矢及五百步. 前此諸火砲, 矢出橫斜, 落於數十步內者太半, 今則無一矢橫斜.]  [134:  	2.4 mm, or 8 ri became the new standard for the diameter of the said touchhole, instead of 2.1 mm, or 7 ri. Munjong sillok, 1450/10/5#3: 兵曹據軍器監牒啓: "前此各色銃筒線穴之徑七釐, 放射時, 線火輒滅, 今加一釐試射之, 火乃不滅. 而矢之遠近, 觸物深淺, 亦無加減. 請自今碗口, 鐵信炮, 將軍火炮, 細銃筒等線穴, 竝依謄錄所載, 其餘各色銃筒線穴, 皆加一釐, 定爲八釐. For a comprehensive study of early Chosŏn firearms and their numerical specifications, see Hŏ, Chosŏn sidae hwayak; Ch’ae Yŏnsŏk 채연석, Hanʾguk ch’ogi hwagi yŏnʾgu 한국초기 화기연구[A Study of Firearms in Early Korea] (Ilchisa, 1981). Ch’ae in particular has produced the most authoritative material research on early Chosŏn firearms. With training in physics and mechanical engineering, he clarified the specifications and performance of these artifacts, including detailed, comparative studies between extant specimens and textual sources, as well as modern reproductions and firing experiments.]  [135:  	King Sejong was a stickler for perfection and even as his ordnance research had already doubled range and improved accuracy by the third month of 1445, he considered it not complete. Sejong sillok, 1445/3/30#1: 今雖如此, 益求其精, 時未定制. It was only in 1448 that we know the kyŏnyang specifications were finally set and documented. Ibid., 1448/09/13#2: 今送謄錄一冊, 鑄造之方, 用藥之術, 備悉載錄. 軍國秘器, 所係至重, 宜常秘密以藏, 每於考閱, 卿獨開見, 勿委吏手, 日加謹愼, 及其遞代, 交相授受.] 

Historians have praised this manual as a watershed moment in the history of Korean science and technology, a moment when Koreans developed military science on their own terms, and even drew ahead of the Chinese.[footnoteRef:136] I, however, find significance in another dimension: as shown, powder smiths played a seminal role throughout the process—all the way from following the faulty designs of their scholar-superiors at the arsenal, to making new contributions as agentive practitioners at the palace workshop. They, in other words, were active participants in the trading zone, and we know that this was a deeply transformative experience for them. In 1445, during the aforementioned process of freeing the powder smiths from making gunpowder and letting them focus on designing firearms, this specialization of work spawned in effect a new artisanal identity. Powder smiths were rechristened as “cannon makers” (hwap'ojang 火砲匠). [136:  	Jeon Sangwoon, Science and Technology in Korea: Traditional Instruments and Techniques (Cambridge, MA: MIT Press, 1974), 193–9; Hŏ, Chosŏn sidae hwayak, 80–1, 95, 114–5, 124, 141–2, 187, 225, 241, 253, 293.] 


Conclusion

The Government Arsenal was the largest and longest-standing manufactory in Chosŏn Korea. Befitting its scale and longevity, this premodern factory made precocious efforts to rationalize manufacture: it managed rotations of artisans and assistants in the hundreds, segmented work into its minute parts, and even specified monthly programs and daily quotas for production. On the arsenal’s shop floor, however, this complexity meant that its managers and producers were finding new ways to communicate and coordinate their actions. What formed, as we have seen, were trading zones—enduring, collaborative spaces where communities of artisans and supervisors could come together and devise solutions to the problem of material production. These spaces led some scholar-officials to learn and document craft knowledge, giving occasion to new writing practices that, for instance, translated workshop terms from the vernacular to the literary Sinitic. Yet, as shown above, greater fruition was born in the hands of aspiring artisans—particularly, cannon makers: they attained new craft knowledge from above, built upon it, and as we will see in Part II, greatly advanced new knowledge practices such as prototyping.
As noted before, the arsenal continued for centuries more and became absorbed by its modern industrial counterpart—Machine Works—in 1884. Starting in the 17th century, however, the manufactory was no longer what it was: the mother workshop burned down in the chaos of international war, its production became greatly disrupted, and even after recovering, the old giant would play second fiddle to a new slew of workshops that sprung up in Seoul. As we will see next, the latter embodied a new model of production that would establish military workshops at the foreground of scientific and technological endeavors in the late Chosŏn.
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[bookmark: _Toc37461029]Artisan Squad: The Rise of Military Division Workshops, 1592–1882

A wagon is not a weapon but a way to move military provisions. A brick is not a weapon either but it can build hardy walls to safeguard the people. Artisans of all kinds, their techniques, and the livestock are likewise not weapons; but if horses are lacking and arms not readied, there is no way to deploy the troops. The incidentals in military affairs are in fact the inspection of the enemies from outposts, standing ground with spears and shields, and drilling the troops. The fundamentals, instead, are the recruitment of talents all under heaven and the preparation of useful machines.[footnoteRef:137] [137:  	Pak Chega 朴齊家, Pukhagŭi 北學議 [Discourse on Northern Learning] (n.p., originally 1798), Kyujanggak Archives, Kyu 1401, 外篇, 兵論.] 


	In 1798, a renowned scholar Pak Chega (朴齊家, 1750–1805) set out to reconceptualize what is fundamental and incidental in military affairs. Using “weaponizable” artifacts such as wagons and bricks, he argued that the recruitment of talented artisans and practitioners into the army was in fact more important than drill, reconnoitering, and tactics—the usual suspects when we think “military.” Throughout his work, Pak advanced such points so radically—and about lifting craft knowledge in general—that some intellectual historians have pegged him as a harbinger of industrial modernity.[footnoteRef:138] What is sobering, however, is that the scholar was not so much prescribing as describing. More than a century before, craftworkers of myriad kinds were already flocking to the “division workshops,” substantiating—with their skillful toil—the rise of crafts and technology in military affairs. [138:  	For a useful critique, see Ahn, “Beyond the Discourse of Practical Learning," 143. Consider by contrast a historiographical essay that investigates the undervaluing of sirhak scholars by historians of science and technology. Yim Chongt'ae 임종태, “Kwahaksa hakkye nŭn wae sirhak ŭl chŏp’yŏngga hae wannŭn’ga? 과학사 학계는 왜 실학을 저평가해 왔는가? [Why Did Historians of Science Undervalue the Late Chosŏn Sirhak Scholarship?],” Han’guk sirhak yŏn’gu 36 (2018).] 

	By division workshop, I refer to the in-house manufactures that belonged to the military divisions (kunyŏng 軍營) of Seoul and their satellite works across the peninsula. These workshops proliferated in the late Chosŏn and eclipsed the once-dominant Government Arsenal. But rather than simply surpass their predecessor, they signaled a new model of knowledge and material production that we might call “prosumption,” or production by consumers. One might expect that the rise of new consumers (divisions) would increase the demand for arms production—and by extension, boost existing manufactories like the arsenal. The opposite, however, was true: it turned out that the divisions would become self-sufficient—equipped as they were to make and repair internally—and would anticipate an era of production that was no longer for but by its consumers.
	Eventually however, the divisions achieved much more than self-sufficiency: they became some of the most vibrant centers of craft production in the late Chosŏn. The divisions came to include artisans of more than 80 unique types—from potters and plasterers to drillers and screwsmiths—as well as a wealth of middling technical experts who served as managers.[footnoteRef:139] In terms of the number of artisan types, the divisions surpassed any other government or civilian works in the late Chosŏn, and had thrice more than the early Chosŏn arsenal.[footnoteRef:140] The divisions also outgrew their nature as arms producers and into the general landscape of crafts and technology. As peace prevailed for centuries (1637–1866), these army manufactures became involved in all kinds of extra-military work. They would go on, for example, to build city walls and pontoon bridges, craft rulers and wagons, as well as reenact new artifacts imported from abroad—ranging from mechanical clocks and screw pumps, to cotton gins and fire extinguishers. [139:  	I am building a database based on the production logs of the Garrison Records. It is projected to include information on artisans, officers, and other participants in production at the division workshops and covering a broad range of dates from 1615 to 1881.]  [140:  	C.f. Chang, Ŭigwe sok Chosŏn ŭi changin, vol. 1, 25–35.] 

[bookmark: _Toc17381490][bookmark: _Toc35272045]	What explains this multi-productivity? The present chapter begins by examining the origins of the divisions and the two groups of practitioners that emerged therein: the soldiers who became artisans, and the officers who rose as their managers. It will then investigate the nature of production at the divisions, understanding their capacity and diversity, as well as the influence of their production model on the general landscape of crafts and manufacturing in the late Chosŏn.

Division Workshops

	Let us first situate the divisions and understand how they grew workshops of their own. The divisions were forged in the crucible of international war, namely, the East Asian War of 1592–1598. During this clash between Chosŏn, its ally Ming China (1368–1644), and a newly unified Japan under Toyotomi Hideyoshi (1537–1598), a great entanglement of military knowledge and artifacts occurred among the belligerents.[footnoteRef:141] Fighting on home territory, for example, the Koreans in particular learned avidly and even to the point of revamping their military system in toto. As we shall see, they adopted a Chinese model of organization known as the divisions (營制, C: yingzhi; K: yŏngje), and adapted it—by splicing local practices of manufacturing—to birth a new model of production altogether: the division workshop. [141:  	For representative works in English, see Kenneth M. Swope, A Dragon’s Head and a Serpent’s Tail: Ming China and the First Great East Asian War, 1592–1598 (Norman: University of Oklahoma Press, 2018);  James B. Lewis, ed. The East Asian War, 1592–1598: International Relations, Violence, and Memory (New York: Routledge, 2017).] 

	Whence did the Chinese model come? The divisions originated in 16th century Zhejiang, when the coastal region of China was plagued by the wakō (倭寇, C: wokou, K: waegu), Chinese and Japanese corsairs in the South China Sea. At the time, a Ming officer devised a new model army that staved off these pirates and documented every detail into raising it. This was Qi Jiguang (戚繼光, 1528–1588) who trained the Southern Troops (南兵; C: Nanbing, K: Nambyŏng) and wrote the New Book of Effective Techniques (紀效新書; C: Jixiao xinshu, K: Kihyo sinsŏ). In both practice and theory, Qi crystallized a new system of training that broke from earlier practices in its hard-nosed practicality. As encapsulated in the New Book, his methods also specified technical know-how on disciplining the soldiery, maneuvering in myriad formations, and deploying the latest weaponry from maritime East Asia.[footnoteRef:142] [142:  	The most comprehensive research on Qi Jiguang in English is Barend Noordam, “The Soldier as a Sage: Qi Jiguang (1528-1588) and the Neo-Confucianization of the Military in Sixteenth-Century China” (PhD diss., Leiden University, 2018). Korean historians have written extensively about the process of adopting the New Book in Chosŏn. For example, see No Yŏnggu 노영구, “Sŏnjodae kihyosinsŏ ŭi pogŭp kwa chinbŏp nonŭi 선조대 기효신서의 보급과 진법 논의 [Distribution in Sŏnjo’s Reign of the New Book of Effective Techniques and Discourse about Military Formations],” Kunsa 34 (1997); Ch’oe Pokkyu 최복규, “Chosŏn e toip toen Kihyo sinsŏ ŭi p’anbon 조선에 도입된 기효신서의 판본 [Editions of the New Book of Effective Techniques Introduced to Chosŏn],” Han’guk ch’eyuk hakhoeji 50, no. 5 (2011); Kim Pyŏngnyun 김병륜, Chosŏn sidae kunsa hyŏksin: sŏnggonggwa silp’ae 조선시대 군사혁신: 성공과 실패 [Military Innovations of Chosŏn: Successes and Failures] (Taejŏn: Kukbang Chŏngsin chŏllyŏgwŏn, 2017).] 

	During the war, this Chinese practice then arrived in Korea along with the Southern Troops who were deployed there as auxiliaries.[footnoteRef:143] Before this arrival, the Japanese invasion of Korea had been such a blitzkrieg that the Chosŏn court fled promptly to the northern border to await Chinese rescue. In early 1593, then, the Southern Troops helped turn the tide of the war, and the Korean authorities were in fact so impressed that they now sought the New Book and began refitting their military according to its prescriptions. Ensuing was the Military Training Agency (Hullyŏn togam 訓鍊都監), Korea’s first division. The Chinese inspiration for this new model army was explicitly noted: in an autobiographical “founding history” (ch'angsŏl 創設), the Korean division reflected that it was “established in emulation of the military methods of Qi Jiguang from the Zhejiang region.”[footnoteRef:144] [143:  	Obtaining the New Book was no easy process. Some Chinese authorities were not so willing to divulge their military secrets, and Korean interpreters had to smuggle it out of their barracks or travel to Beijing to purchase fuller editions. Others were more generous, like Mobile Corps Commander Qi Jin (戚金, active late 16th century)—nephew of the New Book’s author, but his was an abridged version for internal use. Qi lent his copy first to Yi Tŏkhyŏng (李德馨, 1561–1613)—who would soon become one of the agency’s directors—with just enough time for a hurried and partial transcription, and later gave it to the king as departure gift. Sŏnjo sujŏng sillok 宣祖修正實錄 [Corrected Veritable Records of Sŏnjo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1594/2/1; Yi, Yanghodang ilgi, 1595/12/3, vol. 2, 99.]  [144:  	Also see Hun’guk ch’ongyo 訓局總要 [Overview of the Military Training Agency] (n.p., 1864–1895), Changsŏgak Collection, K2-3405-3406, ch'angsŏl 創設; Hun’guk sarye ch’waryo 訓局事例撮要 [Collection of Precedents at the Military Training Agency] (n.p., 1765–1775), Changsŏgak Collection, K2-3403, ch'angsŏl 創設. For an institutional history of the Military Training Agency, see Kim Chongsu김종수, Chosŏn hugi chungang kunje yŏn’gu: Hullyŏndogam ŭi sŏllip kwa sahoe pyŏndong 조선후기 중앙군제 연구: 훈련도감의 설립과 사회변동 [Military Divisions in the Late Chosŏn: The Founding of the Military Training Agency and Social Change] (Hyean, 2003).] 

	But the Military Training Agency had to go well beyond the Chinese original. Meticulous and pragmatically oriented as Qi was, the officer developed his model for imitation within the Ming military system rather than transplantation in a foreign soil. Understandably, then, the New Book made no considerations for practitioners in a distant land where its technical minutiae—written in regional dialect (pangŏn 方言)—would be puzzling; or where the associated artifacts—provided by government and civilian workshops in China—would not be readily available. These difficulties were indeed noted by Korean contemporaries. The foreign technical knowledge—as embodied in Qi’s book—was difficult for even the best of Korean scholars to grasp, not to mention for military practitioners to implement in the field.[footnoteRef:145] The associated weaponry was also challenging to understand, let alone produce, as the locals were unfamiliar with their manufacture, and the Government Arsenal had also burnt down at the outset of war. [145:  	The New Book represented a new strain of military knowledge that was highly practical and technical in nature, and Korean scholars and savants considered it laden with regional dialect (pangŏn 方言) and mechanical jargon (kigye myŏngmul 器械名物). Chŏng T’ak 鄭琢, Yakp’o sŏnsaeng munchip 藥圃先生文集 [Literati Collection of Mr. Yakp’o] (Haeju: compiled by Chŏng Ok 鄭玉, 1760 [originally in 16th century]), Kyujanggak Collection, Ko 3428-188, Kihyo sinsŏ chŏryo sŏ 紀效新書節要序: 故多用方言, 支蔓重複, 未易究竟. Also see Sŏnjo sillok, 1593/10/6: 訓鍊節目, 其載紀効新書者, 至詳至密. 今當一切依倣爲之, 但其文字及器械名物, 有難曉處; 1594/3/20: 紀效新書, 則卷帙支繁, 未易曉見. Even the well-read king was humbled as he said: “I have read a great many books under heaven, but this one is truly difficult to comprehend!” Sŏnjo sujŏng sillok, 1594/2/1: 予觀天下書多矣, 此書實難曉. As the Koreans went on to decipher the text, it turned out further that even the Ming officers had divergent understandings of it, and that the text at times was lacking the appropriate explanations, prompting Koreans to edit, summarize, and supplement with new drawings and schemas. For more on this process, see Chŏng Haeŭn정해은, “Imjin waeran’gi Yakp’o Chŏng T’ak ŭi kunsa hwaldong kwa chŏnjaeng kirok 임진왜란기 약포 정탁의 군사활동과 전쟁기록 [Chŏng T’ak’s Military Activities and War Records during the Imjin War],” Yi Sunsin yŏn’gu nonch’ong 22 (2014), 24–5; Kwak Nakhyŏn 곽낙현, “Chosŏn hugi Kihyo sinsŏ chŏryo e taehan kŏmt’o 조선후기 기효신서절요에 대한 검토 [Study of the Essentials of the New Book of Effective Techniques in the late Chosŏn],” Tongyang kojŏn yŏn’gu 42 (2011); Andrew Pratt, “Change and Continuity in Chŏson Military Techniques During the Later Chŏson Period,” Korea: the past and the present 1 (2008).] 

	Ironically, then, what the Koreans needed to implement the Chinese model was much more than what the original could offer: a versatile, all-in-one organization that could train the troops, as well as translate foreign books and manufacture new weapons. The Military Training Agency responded to this very challenge: from the outset, it was set up with not just the training functions but also an administrative branch to handle matters of knowledge and material production.
	For the latter, the agency drew on local practices such as the directorate (togam 都監). Directorates were temporary organizations that fulfilled an important and urgent task for the court, primarily but not limited to matters of construction (yŏngkŏn 營建), royal funerals (sanrŭng 山陵), and wedding ceremonies (karye 嘉禮). In covering this wide range, the system often adapted to the nature of the work: as noted in Chapter 1, the Firearms Directorate, for instance, took after another institution with deeper specialty in the work—the Government Arsenal. But what allowed the directorates to learn quickly and undertake new work was also a certain administrative framework. From construction to weddings, they used a clear bureaucratic structure—from the chief director (tojejo 都提調) and director (chejo 提調), down to chief staff official (tonangch’ŏng 都郎廳), staff officials (nangch'ŏng 郎廳) and production managers. Moreover, they enjoyed full financial and logistical support from the court and its various government 
institutions—cobbling together in effect a temporary, all-hands-on-deck operation.[footnoteRef:146] [146:  	Han’guk minjok munhwa taebaekkwa sajŏn [Encyclopedia of Korean Culture] (hereafter HMMTS) (Han’guk Chongsin Munhwa Yon’guwon, 1991), Togam 도감. Also see Yu Sŭngju 유승주, “Chosŏn hugi togamje ha ŭi kwanyŏng sugongŏb e kwanhan iryŏn’gu: 17 segi ch’o Hwagidogam ŭigwe ŭi punsŏg ŭl chungsimŭro 조선후기 도감제하의 관영수공업에 관한 일연구: 17세기초 화기도감의궤의 분석을 중심으로 [Government Manufacturing under the Directorate Model in Late Chosŏn Korea: Focusing on the Firearms Directorate of the Early 17th Century],” Chindan hakpo 69 (1990).] 

	Forged in wartime chaos, the Military Training Agency was such an amalgam between the Chinese division and the Korean directorate. The resulting “military-administrative” model is clear if we consider Table 6. As shown on the left, the agency had a line-of-command after the Chinese practice, with the largest unit of the division above followed by the company, platoon, banner and the squad in a descending order.[footnoteRef:147] On the right, there was also a line-of-administration with its own hierarchy of personnel à la the directorate. Importantly for us, it was under the latter, then, that the Korean division would acquire its own workshops. The administrative branch at the newfound agency had a number of bureaus each led by a staff official and where appropriate, production manager. In addition to offices that handled logistics such as the Registering Office (Kun saek 軍色) and Provisions Office (Yanghyang saek 糧餉色), these included, for our purposes, workshops such as Musket Works (Choch'ong saek 鳥銃色), Gunpowder Works (Hwayak saek 火藥色) and Bow and Arrow Works (Kungjŏn saek 弓箭色).[footnoteRef:148]	 [147:  	This scheme was used to reorganize the Korean military system at large and including the provincial armies as well. Before the system of military divisions, the norm was to separate generals from soldiers (changjol pulli 장졸분리), and dispatch the former only in times of emergency. This was an effective practice to prevent the formation of private armies and political blocs that could mobilize against the court, but showed clear limitations in the total wars of the 17th century. The Chinese system was recognized as effective in bringing the generals close to the soldiers in the context of an autonomous institution. For more differences between the military system before and after the war, see Kim Chongsu 김종수, Sukchong sidae ŭi kunsa ch’eje wa Hullyŏn togam 숙종시대의 군사체제와 훈련도감 [Military System under King Sukchong and the Military Training Agency] (Sŏngnam: Han’gukhak Chungang Yŏn’guwŏn Ch’ulp’anbu, 2018), 167–71.]  [148:  	Not all bureaus were in place at first. The facilities for gun and gunpowder production—which later became Musket Works and Gunpowder Works—were established with priority because most of the soldiers were gunners (p’osu 砲手). By the 1620s, we see the first mention of Bow and Arrow Works (Kungjŏn saek). By the turn of the 19th century, there were other specialized sectors of production such as Brassware Works (Tonghwa saek 銅鍋色) and a separate Saltpeter Works (Yŏmch’o ch’ŏng 焰硝聽, Yŏmch'o saek 焰硝色) among others. Hun’guk ch’ongyo, Choch'ong saek鳥銃色, Hwayak saek 火藥色, Kungjŏn saek 弓箭色, Yŏmch’o ch’ŏng 焰硝聽, Imun Yanghyang saek chosŏngjil  移文糧餉色造成秩. For the first mentions of Bow and Arrow Works and Saltpeter Works, see, respectively, SJW, 1629/8/6, 1641/5/8.] 

[bookmark: _Ref36300950][bookmark: _Toc37456280]Table 6. The Military-Administrative Model
	Line-of-Command (Chinese Division)
	Line-of-Administration (Korean Directorate)

	Division 營 | Division Commander 營將
	Chief Director 都提調

	Company 司 | Company Commander 把摠
	Director 提調

	Platoon 哨  | Platoon Commander 哨官
	Chief staff official 都郎廳

	Banner 旗 | Banner Leader 旗摠
	Staff officials 郎廳

	Squad 隊 | Squad Leader 隊摠
	Production managers 監造官



	That Koreans added workshops to their divisions might not sound surprising or particularly innovative. But it was: in early modern China, where the division model originated, military institutions bought materiel directly from government or civilian works.[footnoteRef:149] The latter practice made sense in Ming and Qing China, where massive offensive campaigns were launched and across vast distances at that. As Ulrich Theobald put it, “engineers and specialists did not belong to the military corps, but were recruited according to need during campaigns.”[footnoteRef:150] Korea, however, was governed by a smaller scale of ambition, and it was feasible for the divisions to try and manage on their own. The war, moreover, made it necessary: the arsenal, as mentioned above, became incapacitated at the outset, and so the new divisions had to stand on their own feet—that is, without external suppliers.[footnoteRef:151] Finally, there was also an utilitarian logic for self-sufficiency: “it was inappropriate,” as King Injo (仁祖, r. 1623–1649) put it, “to have one party produce and another consume.”[footnoteRef:152] This was understandable within the realm of military production where the products were weapons and needed to be rigorously proofed and tried by their users. [149:  	To be sure, Qi included drawings and some specifications on artifacts but this was for Chinese officers to purchase right and inspect for quality, rather than to set up shop and make them from scratch.]  [150:  	Ulrich Theobald, “Craftsmen and Specialist Troops in Early Modern Chinese Armies,” in Civil-Military Relations in Chinese History: From Ancient China to the Communist Takeover, ed. Kai Filipiak (London; New York: Routledge, 2015).]  [151:  	Due to the lack of close comparisons, historians have not understood the addition of workshops as a Korean innovation that emerged from the process of combining the Chinese division model and the Korean directorate structure. That the new manager position sprung up also in this process is significant: just as the foreign model of divisions was “received” on Korea’s own terms, existing practices of directorates had also changed in the grafting process.]  [152:  	PT, 1648/5/6: 他人所爲, 他人用之, 似不恰當.] 

	The addition of workshops was a wartime contingency, but it left an indelible mark.[footnoteRef:153] That is, during the next three centuries, new divisions proliferated in the late Chosŏn, and they all took after the agency to equip themselves for in-house production. By 1680, for example, the Five Military Divisions (Ogunmun 五軍門, Oyŏng 五營) sprung up in the capital region along with their workshops: the Military Training Agency, Royal Division (Ŏyŏngch’ŏng 御營廳, 1623–1894), Palace Guards Division (Kŭmwiyŏng 禁衛營, 1682–1895), Defense Command (Suŏch’ŏng 守禦廳, 1626–1894), and the Chief Military Command (Ch’ongyungch’ŏng 摠戎廳, 1624–1884).[footnoteRef:154] Until the late 19th century, then, the system continued well and alive, even as new divisions and workshops were added, subtracted, and merged in a bewildering fashion.[footnoteRef:155] [153:  	One might think that the military-administrative model was a wartime contingency that would not hold after the war. After all, directorates were also meant to be temporary organizations and rarely lasted over a year. In fact, although we do not have the space to discuss here, the agency’s “translation office” also disappeared from the Korean division model after the war. Still, the agency’s administrative branch remained, including the various workshops and their associate staff officials and managers.]  [154:  	Soon thereafter, three of these divisions then became central, that is, the Military Training Agency, the Royal Division, and the Palace Guards Division.]  [155:  	For a study of the relationship between politics and the life cycles of certain military divisions, see Yi T’aejin 이태진, Chosŏn hugi ŭi chŏngch’iwa kunyŏngje pyŏnch’ŏn 조선후기의 정치와 군영제 변천 [Politics and Changes in the Military Division System of the late Chosŏn] (Han’guk yŏn’guwŏn, 1986).] 

	This suffices to show the origins of the division workshops. The question lingers, however, as to how these nascent institutions went on to absorb skilled practitioners to become a laboratory of technical work, let alone achieve self-sufficiency. What happened?

Skilling the Workshop

	The divisions underwent a process of “skilling” that recruited, trained, and transformed their workers into master practitioners. This is a story of emergence like the one we told for the cannon makers in the early Chosŏn arsenal, a process whereby new experts evolved through exchanges between workers of different kinds and backgrounds. I argue, however, that the dynamics that unfolded at the division workshops were more complex. As examined above, the divisions began at the turn of the 17th century with a military training branch on one side and an administrative branch on the other. During the course of the 17th century, then, the border between the field and the shop blurred, and soldiers entered the shop to apprentice as artisans, while their officers likewise learned to become production managers. This gave way to multiple vectors of knowledge exchanges: soldiers intermingled with artisans as peer “workmen,” while military officers and production managers likewise rubbed shoulders as their “superiors”; but the two groups, despite being separated by rank and social positions, also exchanged skill and knowledge vertically.
	We have already examined how these trading zones can open and operate. The following sections, however, trace the story for the late Chosŏn with an emphasis on the institutional practices of skilling the military. Ensuing, as we will examine in order, were two new categories of practitioners: the “soldier-artisan” and the “officer-manager.”

[bookmark: _Toc17381492][bookmark: _Toc35272046]The Soldier-Artisan

	Consider first the story of the soldier-artisan. Already in the early 1600s, the Korean divisions were brimming with soldiers who had artisanal skills. In fact, the situation had state authorities worrying that it was defeating the original purpose of the new model army: war. In 1631, the Office of the Inspector-General (Sahŏnbu 司憲府) issued a scathing criticism and described the situation in the clearest terms possible.
How could it be that the reason why the government (kukka 國家) raises the Military Training Agency’s soldiers—by offering salary and support taxpayers—is to let them thrive on their own and nothing more? Having become soldiers, gunners should aim, swordsmen melee, and archers draw their bows so that they may prove their utility in times of emergency. The soldiers, however, have abandoned this fundamental work (ponŏp 本業) and vied for other techniques (t'agi 他技), studying and becoming adept at the art of a hundred crafts (paekkong chi ye 百工之藝)—everything from masonry, carpentry and cooking to even gold- and silver-work—[and selling goods] like the artisans in the marketplace (yŏyŏm kongjang 閭閻工匠). The officers (changgwan 將官), however, find this convenient to give them work and do not go out of their ways to regulate it. How could this have been the intention of founding the divisions and training the troops?[footnoteRef:156] [156:  	Injo sillok 仁祖實錄 [Veritable Records of Injo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1631/7/8.] 


The inspectors reasoned that the agency’s craft-friendly practices were improperly reversing what was fundamental and incidental (ponmal 本末) in military affairs. Of all armies, Seoul’s new model division was now overlooking their “fundamental work”—gunnery, melee, and archery—and busying itself, instead, with “the art of a hundred crafts”—masonry, carpentry, cooking and metalwork.[footnoteRef:157] According to the charges pressed, the agency’s officers were also culpable: they condoned, if not availed themselves of, the skilled soldiery, finding it “convenient to give them work.”[footnoteRef:158] [157:  	Ibid. To the inspectors, this was a moral and ideological offense: keeping what was fundamental and incidental (ponmal 本末) was a pillar in their version of neo-Confucianism.]  [158:  	Ibid. At face value, these criticisms—and there were many—seem like uptight scholars reigning back on the development of crafts and technology in Chosŏn. The scholars spoke with good reason, however: only five years ago, Koreans had barely survived the Manchu invasion of 1627; and five years later, when the same enemy returned, they were subjugated to the rising Qing dynasty (1644–1912). Ironically, however, even as these criticisms went on—and there were many others, the skilling of the soldiery also rumbled on for centuries. Remarkably, in 1652, even the Minister of War condemned that soldiers “do not to show up to drill” because they are busy at the workshop or outdoors collecting materiel, but the Military Training Agency responded that the military production “was also a military matter” (pyŏngga chi sa 兵家之事). Hun’guk sarye ch’waryo, Kunbyŏng mulwi ch'ulssa 軍兵勿爲出使.] 

	How were so many soldiers becoming artisanal? So far, historian Kim Chongsu has shown that it was the artisans themselves who vied to enlist throughout the 17th century. Whether as soldiers in the rank-and-file or workmen on the shop floor, these skilled practitioners apparently had a wealth of reasons to join: at the Military Training Agency, for instance, every soldier was employed as a salaried professional—with a monthly pay of 9 tu in rice—and over time, had access to welfare goods such as cloth stipend (sakp'o 朔布), tax exemptions, housing accommodations, support taxpayers, and so on.[footnoteRef:159] Further, at the in-house workshops, tenured craftsmen received descent treatment: a monthly stipend of 12 tu of rice, which was a third more than what the regular soldier made, as well as cloth stipend and supplements of salt, soy sauce, and dried fish.[footnoteRef:160] There were also secondary benefits unique to the situation of artisans: once part of the divisions, they were freed from the various tasks and taxes that were traditionally levied upon them;[footnoteRef:161] and those among them who were slaves were also manumitted though service or  [159:  	Kim, Chosŏn hugi chungang kunje, 195, 204-5. To be sure, many soldiers still found it difficult to eke out a living, and we can sift through their first-hand petitions that asked for salary raises, awards and promotions in the Garrison Records.]  [160:  	The compensation of 12 tu of rice was a standard across the divisions by the middle of the 17th century. In 1641, it was noted as a longstanding practice at the Military Training Agency, and the Royal Division cited it as precedent to match the same for their own workers. Remarkably, it seems that the wives of artisans played an agentive role as they appear in the records as “specializing in raising the salaries [of their husbands].” Ŏyŏngch’ŏng to tŭngnok 御營廳都謄錄 [Comprehensive Records of the Royal Division] (n.p., 1624–1660), Changsŏgak Collection, K2-3347-3348, 1641/9/28:  匠人等官家立役時, 則渠之妻子, 專仰此料, 而如是減給逐日呼訴不已, 依前啓下, 他衙門一體匠人, 則各米十二斗, 價布一匹, 助役則各米九斗, 價布一匹, 令該曹題給何如. On the supplements, see Injo sillok, 1635/7/3: 訓局匠人之加給鹽醬乾魚.]  [161:  	As noted in Chapter 1, all artisans in Chosŏn were listed in special registers and had to provide annual compulsory labor for state projects or—increasingly in the sixteenth century onwards, pay off their obligation (sinyŏkka 身役價). For more on these secondary benefits, see Kim, Chosŏn hugi chungang kunje, 114–36, 205.] 

special skills tests.[footnoteRef:162] [162:  	See footnotes 166 and 167.] 

	This is one explanation for the rise of soldier-artisans. But to explain the unusual development, it is not enough to show how artisans flocked to the divisions to find employment, tax breaks, and other benefits. Instead, we must recognize that the phenomenon was an intentional move on the part of the divisions—an institutional practice of skilling the military.
	The divisions recruited actively to raise skill amongst their own ranks. In the late Chosŏn the perennial issue for any government agency to set up new works was to recruit and retain the workmen: Korean artisans, as Jung Lee put it, began “exercising power, not over the authorities, but beyond their control,” a process that left most agencies struggling to maintain their workforce.[footnoteRef:163] But the divisions had an ingenious solution: to set aside a portion of the soldiery and raise them as skilled artisans.[footnoteRef:164] These soldier-artisans went by different titles: the Military Training Agency named them “select soldiers” (chojŏng kun’in 抄定軍人); other divisions preferred “retinue soldiers of the artisan squad” (kongjangdae abyŏng 工匠隊牙兵), which shortened as “artisan squad” (kongjangdae 工匠隊) or “retinue artisans” (kongjang abyŏng 工匠牙兵).[footnoteRef:165] [163:  	Lee, “Socially Skilling Toil,” 20.]  [164:  	The blurring of boundaries between soldiers and artisans has deep roots. As noted in Chapter 1, the gunnery guards rotated into the Government Arsenal to produce their own weapons. In the divisions, however, this precedent grew to another threshold.]  [165:  	Hun’guk sarye ch’waryo, Kunbyŏng mulwi ch'ulssa 軍兵勿爲出使. There were artisan squads in the Royal Division, Defense Command, and the Palace Guards Division among others. PT, 1734/9/5, Ijŏngch'ŏng chŏngaegoe t'aegam pyŏldan 釐正廳定額外汰減別單; Sinbo sugyo chimnok 新補受敎輯錄 [Newly Supplemented Collection of Edicts] (Hongmun'gwan, 1743), Kyujanggak Collection, Kyu 1158, Ŏyŏngch’ŏng 御營廳 and Kŭmwiyŏng 禁衛營; Ŏyŏngch’ŏng tŭngnok 御營廳謄錄 [Records of the Royal Division] (n.p., 1625–1884), Changsŏgak Collection, K2-3349, 1750/8: 守禦京...工匠隊牙兵三十名; SJW, 1754/7/27: 本營[禁衛營], 舊有工匠牙兵一百, 每名有奉足保一名. The artisan squad in long form—“retinue soldiers of the artisan squad”—is found in Kagyŏng Ijŏngch’ŏng tŭngnok 各營釐整廳謄錄 [Records of Reform Bureau for Each Division] (Ijŏngch’ŏng, 1704), Kyujanggak Collection, Kyu 15062, Kŭmwiyŏng kugunje 禁衛營舊軍制: 工匠隊牙兵一百二十一名.] 

[bookmark: _Ref38450829][bookmark: _Ref38450832]	Instructive is the example of the agency—a primus inter pares among the divisions (sugunmun 首軍門) and one that set the precedent. In the early 17th century, as the nascent agency expanded its production, its soldiers were recruited to alleviate shortages of artisanal labor at the workshops. These select soldiers were enlistees who already had skill or those who were now apprenticing at the divisions to attain skill. Regarding the former, soldiers from presumably artisanal backgrounds were earmarked to work at the workshop. Pak Nam (朴男, 1630–?), for example, was an active-duty musketeer at first, but once his skill in making saltpeter was recognized, he served in the Saltpeter Works for 34 years, producing more than 125,700 kŭn of saltpeter as master artisan in saltpeter (yŏmch'o p'yŏnsu 焰硝邊首).[footnoteRef:166] These skilled soldiers eventually won rewards and in cases where they were slaves, manumission: Chi Kŭm (池金, n.d.) and Hyang Rip (香立, n.d.), for instance, became commoners and even won senior third-rank title (T’ongjŏng taebu 通政大夫) for respectively, 15 and 40 years of service as master artisan.[footnoteRef:167] [166:  	Hun’guk tŭngnok 訓局謄錄 [Records of the Military Training Agency] (n.p., 1615–1881), Changsŏgak Collection, K2-3398-3401, 1691/9/30: 東部居中禁臣朴世萬: “臣矣段, 臣矣父男, 素是忠淸道鎭川地人, 自兒時訓鍊都監砲保充, 定對答者, 十四年之久是白如可, 戊戌年, 分以陞戶砲手, 上來從軍爲白乎矣, 在鄕時, 熟諳焰硝煮取之法是如, 自都監兼定焰硝邊首之役晝也, 立役者, 亦至三十四年之久, 而焰硝煮納之數, 至於十二萬五千七百餘上是白如乎, 上年分以年滿六十, 砲乎之役段, 例爲老除, 而焰硝邊首之役段, 仍存立役, 則臣矣父之戶保, 幷實役四十七年之久. Pak Nam is not referred to in this source as select soldier per se but his career trajectory fits exactly the idea of earmarking military personnel for artisanal labor. C.f. Hun’guk sarye ch’waryo, Kunbyŏng mulwi ch'ulssa 軍兵勿爲出使.]  [167:  	Hun’guk tŭngnok, 1691/9/30: 前邊首私奴池金段, 以邊首立役, 十五年之功, 至於免賤, 而又加通政之典爲白有㫆, 同班邊首, 私奴香立段, 以四十餘年之功, 亦蒙賞加通政之典…[朴]男之勤勞, 有加於池金等, 而只給米布, 則其在施賞之道, 實涉不均, 是置通政帖, 令該曹咸給爲良加敎.] 

	In addition to those with existing skill, new soldier apprentices were also recruited and directed to the shop. These were so-called child soldiers (adonggun 兒童軍)—i.e., sons of existing personnel who were less than twenty years old and were biding time to serve in the rank-and-file.[footnoteRef:168] Similar to other select soldiers, these young boys were drafted in times of labor (and skill) shortages as the agency went on to establish and expand its workshops. In one example from the 1620s, 15 children were sent to the new Bow and Arrow Works so that they may learn the skills of bowing and fletching from the artisans already working there. After achieving skill (chŏngjae 成才), they then became “tenured at the workshop” (yŏngsok ponsaek 永屬本色).[footnoteRef:169] [168:  	The use of child soldiers for learning new skills was already a prevalent practice. During the East Asian War of 1592–1598, for instance, the agency’s child soldiers learned swordsmanship under Ming officers and Japanese surrenders. Sŏnjo sillok, 1594/6/26: 上曰: "砲手試放時, 何多兒童?" 沈忠謙對曰: "童子被抄者十五餘人, 欲傳習成就, 故名曰兒童隊, 而不罷矣; 1594/8/15: 砲殺手, 近日所學者, 乃浙江陣法…年少人, 兒童, 若可得, 則抄出學習亦可; 1595/6/29: 兒童砲殺手隊, 良賤, 姓名, 年歲, 竝書啓; 1596/2/17: [倭人]呂汝文…宜令盡傳其技, 而殺手兒童, 其數甚少.]  [169:  	Sometime before 1635, this new workshop started up with six types of crafts—bowyers (kungin 弓人), fletchers (shiin 矢人), lacquerers (ch’iljang 柒匠), blacksmiths (yajang 冶匠), woodworkers (somokchang 小木匠), and brassware-makers (tugwajang 豆鍋匠). After using the institution of child soldiers for increasing their bowyers and fletchers, the agency then recruited more children and from the families of existing artisans at the workshop. SJW, 1635/3/13: 以訓鍊都監言啓曰: "本色[弓箭色]匠人, 不過弓人, 矢人, 柒匠, 冶匠, 小木匠, 豆鍋匠, 而弓人矢人, 則曾因經筵官所啓, 弓人十一名, 矢人四名, 以都監兒童軍, 使之傳習, 已爲成才矣. 其後各色匠人, 則皆以私匠人, 推捉使喚, 若値不得已別設都監之事, 則例未免爭奪停役之弊, 不特都監之役停撤, 匠人亦多被侵難處. 只得數十名兒童, 敎習各才, 則可能任意使喚, 而此時良人之子, 得之未易, 屢年訪問, 始得立役工匠族屬子枝兒童十餘名, 此則依工曹尙衣院匠人例, 永屬本色. 此外如有願入者, 限數十名許屬之意, 當部及漢城府, 知委施行, 宜當, 敢啓." 傳曰: "依啓. 且數十良丁, 又爲許屬, 則五部官吏, 必以爲聞, 今後勿爲加屬可矣."] 

	Whether newly apprenticed or already experienced, the institution of select soldiers continued at the agency for centuries, ensuring the rise of new and better practitioners on the shop floor. In fact, we know that by 1649, more than half of the workmen in production were “salaried musketeers” (suryo p’osu 受料砲手). This indicates in turn that craft knowledge was becoming widespread across the rank-and-file.[footnoteRef:170] [170:  	Ibid., 1649/6/23: 匠人之數, 雖似數多, 過半受料砲手.] 

	Following the agency’s lead, other divisions likewise raised skilled soldiers and organized them into the aforementioned artisan squads. For this, the Defense Command is an illustrative case, which shows how artisan squads first began.[footnoteRef:171] In the mid-1600s, this division had a relatively late start in production and faced problems of retaining workers. During a manufacturing run in 1656, for instance, it had to return many of its artisans to the local villages due to the lack of funds. The situation, however, led the division to select and tenure (yŏngsok ch'ŏngch'aek 永屬廳責) a group of seven elite craftsmen from the group.[footnoteRef:172] This was, namely, the beginning of the artisan squad at the Defense Command—a fact that would have eluded us if these elite artisans had not attracted the attention of their superiors, and if documentary trails had, in turn, not survived of other workshops trying to poach them.[footnoteRef:173] [171:  	After 1638, when a few artisans were transferred there from the agency, the Defense Command—it seems—began to produce. In 1642, its artisans were lent to the Military Training Agency and the Chief Military Command temporarily and funds were being collected to restart their musket manufacture when the artisans returned. Ibid., 1638/5/2: 都監匠人十餘名, 曾已移屬摠戎·守禦廳; Ibid., 1642/3/28: 況前頭拮据物力, 以爲鳥銃造備之計, 炭鐵設糧, 則已爲料理就緖, 而待訓監·摠廳, 移屬匠人, 斷手撤局, 卽將招集始役.]  [172:  	It was argued that these elite few were crucial to stay on and develop new weaponry, repair equipment, as well as lead production in-house workshops. SJW, 1656/7/23: 以守禦廳言啓曰: “鳥銃一千餘, 不[五字缺]之後, 財力已盡, 諸邑工匠等, 卽爲罷送矣. 其中冶匠, 豆錫[五字缺]等七名, 仍爲給料, 今方打造別制長銃, 而所屬各値[四字缺]時, 破傷鳥銃, 亦不可漸次修補. 以此匠人七名, 永屬廳責, 前頭打造之役, 而他衙門切勿侵責事, 捧承傳, 何如.]  [173:  	Three decades later, the Ministry of Revenue tried to remove these soldier-artisans and they were now referred to “artisan squad.” Ibid., 1686/3/13: 本廳[守禦廳]移鎭之後, 工匠隊, 時無革罷之事, 而工曹啓請移屬, 本廳, 連有鳥銃改粧飾之擧而不得, 事甚悶慮, 仍存本廳, 何如.] 

[bookmark: _Ref36321159][bookmark: _Toc37456281]	Take for instance master blacksmith Pak Sŏnggŏn (朴成建, active 1684–1702), a founding member of the artisan squad at the Defense Command.[footnoteRef:174] According to the sources, Pak was “renowned for being an excellent manufacturer of guns and swords” (ch’onggŏm sŏnjo changin yumyŏng 銃劍善造匠人有名), and was often borrowed by other divisions as a guest expert for their own works.[footnoteRef:175] Given his fine talent, however, the blacksmith also found himself serving the directorates in a number of roles that involved metalwork—including gold seal maker ([kŭm]pojang [金]寶匠), seal carver ([po]chŏn’gakchang [寶]篆刻匠), and inlay artisan (ipsajang 入絲匠).[footnoteRef:176] In fact, between 1688 and 1691, Pak would even repair mechanical clocks (Figure 6) for astronomers and enjoy a brief stint in the Office of Astronomy (Kwansanggam 觀象監).[footnoteRef:177] As the Defense Command like to clarify, however, this artisan had a longstanding—and primary—affiliation with the artisan squad; and indeed, until 1702—when Pak either passed away or ceased to work—the blacksmith would remain at heart a soldier-artisan.[footnoteRef:178] [174:  	Pak was probably recruited into the workshop in 1656 because the seven craftsmen included blacksmiths. Ibid., 1656/7/23: 其中冶匠, 豆錫[五字缺]等七名; 1686/3/13: 又所[刑曹判書李師命]啓: "冶匠朴成建, 本廳[守禦廳]所請得匠人, 而年久使用者也. Chŏng Chonggŏn (鄭宗建, n.d.) was another exceptional artisan who was on par with Pak and presumably in the same artisan squad. In 1693, the two collaborated in making high quality Frankish cannon and were recognized along with their officer-manager, Chŏng Ch’ungbal (鄭忠發, fl. 1693). Ibid., 1693/5/18: 本廳[守禦廳]匠人鄭宗建, 朴成建等, 手材極巧, 依樣舊砲, 制作頗精, 新造後使之試放.]  [175:  	Given his expertise in gun- and sword-making, Pak worked in other divisions as guest expert. In 1701, for instance, he participated as master artisan in a manufacturing job at the Palace Guards Division. Ibid., 1686/3/13: 成建, 素以銃劍善造匠人有名, 各衙門每當軍器修補之日, 或借用或捉來, 而工曹之啓下似爲非矣.]  [176:  	Pak Sŏnggŏn worked in the directorates from 1670 to 1702. Chang, Ŭigwe sok Chosŏn ŭi changin, vol. 1, 258, 263, 278, 296, 303, 314, 318, 320, 328, 340, 347, 348, 481, 361, 363, 375, 387, 397, 401, 405, 407, 411, 413, 418, 428, 430, 433, 449, 455, 457, 463. He is not to be confused with another artisan named Pak Sŏnggŏn who worked as a mason from 1645 to 1667. Chang, Ŭigwe sok Chosŏn ŭi changin, vol. 1, 166, 175, 187, 236, 256.]  [177:  	In 1688, Pak helped astronomer Yi Chin (李縝, n.d.) repair a mechanical astronomical clock made by Song Iyŏng (宋以穎, n.d.) after the Japanese style. For details on this clock and evidence of Pak’s work, see Ch’oe Sŏkchŏng (崔錫鼎, 1646–1715), Myŏnggokjip 明谷集 [Literati Collection of Mr. Myŏnggok] (Hapch'ŏn: Haeinsa, 1721), Kyujanggak Collection, Kyu 1077, Chamyŏngjong myŏng 自鳴鍾銘. After this, Pak’s affiliation changed to the Office of Astronomy (Kwansanggam 觀象監) in 1691. Chang, Ŭigwe sok Chosŏn ŭi changin, vol. 1, 411.]  [178:  	As late as 1701, Pak worked as a master drafter at the Palace Guards Division. Kŭmwiyŏng tŭngnok 禁衛營謄錄 [Records of the Palace Guards Division] (n.p., 1682–1883), Changsŏgak Collection, K2-3292, 1701/11/24: [起畫]匠邊首朴成建等四名. His last recorded work was as a seal maker (pojang 寶匠) in a directorate work of 1702. Chang, Ŭigwe sok Chosŏn ŭi changin, vol. 1, 457, 463.] 

	This skilling of the soldiery went on for centuries. To be sure, some artisan squads were abolished during the budget cuts of the early and mid 18th century, and others lowered as unsalaried soldiers (muryo chi chol 無料之卒).[footnoteRef:179] Still, many continued well into the 19th century. The Royal Division’s, for example, was alive and kicking in 1826, and there was even a problem of soldier-artisans not showing up to drill: rather than force them to train, however, the division simply drew up a list of 60 who were formally exempt from that point on.[footnoteRef:180] Also, more squads emerged with divisions that were founded after the budget cuts. Namely, the Robust and Brave Guards (Changyongyŏng 壯勇營) and the General Guards Division (Ch’ongwiyŏng 總衛營)—established in 1785 and 1846, respectively—each got one; and as late as 1873, the Military Guards Agency (Muwiso 武衛所) boasted an elite squad of 35 artisans with a total of 23 craft types (Table 7).[footnoteRef:181] [179:  	During the early and mid 18th century, the Korean court tightened its military finances with, namely, the Military System Reform (kunje pyŏnt’ong 軍制變通) of 1704 and the Equal Service Tax Reform (kyunyŏkpŏp 均役法) of 1750. During these reforms, the artisan squads in the Defense Command and the Chief Military Command were abolished; in fact, the two divisions were now reassigned to “regional” defense of the capital region, formalizing the shift from the capital defense system of Five Military Divisions to Three Military Divisions (the Military Training Agency, Royal Division, and Palace Guards Division). The artisan squads in the Royal Division and the Palace Guards Division, however, continued on but as “unsalaried soldiers.” This meant that they were now paid per day according to the number of days they worked, rather than being on permanent standing basis like the select soldiers of the Military Training Agency. Ŏyŏngch’ŏng tŭngnok, 1750/8: 守禦京廳革罷節目; SJW, 1754/7/27: 本營舊有工匠牙兵一百, 每名有奉足保一名, 自均役後罷, 定其保於元保減半之代, 故所謂工匠牙兵, 便作無料之卒; PT, 1756/5/1: 工匠牙兵, 則尤不緊, 此則不可不罷矣; Kŭmwiyŏng sarye 禁衛營事例 [Compilation of Precedents at the Palace Guards Division] (n.p., 1623–1867), Changsŏgak Collection, K2-3293, Kyeil ryosik 計日料式.]  [180:  	The whole list is too long to replicate here, but consider the letter to which it was attached. Ŏyŏngch’ŏng chŏllyŏng tŭngnok 御營廳傳令謄錄 [Records of Military Orders at the Royal Division] (n.p., 1795–1881), Changsŏgak Collection, K2-3358, 1826/3/29: 馬步軍兵之以斗料疋布, 不得聊生, 學習手技 賣雇覓利者, 無怪其然, 而無論擧動習陣大小公故, 若當調用之時, 謀免使役, 圖囑各司, 文報私通, 一時遝至, 期於除本役起送, 軍習之巧, 惡莫此爲甚兺不喩, 養軍千日, 用在一時, 意揚無餘地此, 不可因循, 置之玆以令飭爲去乎, 此後段, 軍兵中匠色, 因他司之聽報, 平常無事之時, 則從緊歇起送是矣, 擧動習陣 大小公故, 勿拘出用, 而若有不參者, 斷當以闕到律施行, 惕念擧行爲旀, 本營匠人, 言之: “排日付役, 雖不遊手, 豈可晷刻, 不得勢離乎, 習陣乃是營門公故, 猶可闊狹, 擧動敎是時, 則不可如前除役, 一齊參陣, 俾免罪戾之意, 馬步各哨色良中, 申明知委爲乎矣.” My translation is as follows: “The cavalry and foot soldiers cannot eke out a living from their salary and cloth stipend alone, and it is natural that they learn manual techniques to set up shop and enterprise. But of course, if before royal processions, drill, and other large and small state affairs, they scheme to avoid their responsibilities and plead with other offices—coordinating with slips of paper to flock all at once and hoping they would be exempted from their original work—then, this is not only an extreme abuse of the skills they learned in the military but [also neglectful of the fact that] while soldiers are raised for thousand days, their use lies in an instance. There is nothing more complacent than this, and it cannot be repeated, so I order you sternly with this. From now on, artisans among the soldiers must report when they hear from other offices, and during regular and uneventful times, they will be sent according to priority. Regardless of royal processions, drill and large and small affairs or with troop mobilization, any absentees will all be punished according to the military escapee's rule, and it will be carried out fearfully. And I say this to the artisans in our division: "Although your hands may not be free—with the days and work arranged, how is it so difficult to halt for a moment? Drilling is the responsibility of our division, and even if that was to be pardoned, you will not be spared from the crime of not showing up at once to royal processions.” Despite the stern wording, the division allowed the aforementioned list of 60 to skip drill and focus on production. The order above also suggests that there were many more skilled soldiers in the division, and that they were picking up crafts during service and then setting up their own shop outside (to the detriment of the division’s original function as a combat unit).]  [181:  	Changyongyŏng kosa 壯勇營故事 [Events at the Robust and Brave Guards] (n.p., 1785–1800), Changsŏgak Collection, K2-3368, 1796/1/23; Ch’ongwiyŏng sarye 總衛營事例 [Precedents at the General Guards Division] (n.p., 1847), Changsŏgak Collection, K2-3378, Chapssik 雜式, Changryo sik 匠料式; Chigugwan ch’ŏnghŏn ilgi, 1876/5+/6.] 

	This shows that the divisions became skilled at the level of the rank-and-file. What about the officers?
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[bookmark: _Ref36804335][bookmark: _Toc37456616]Figure 6. Astronomical Clock. Korea University Museum, Seoul, South Korea. An armillary sphere that is linked to weight-driven clockwork. Designed by astronomy professor Song Iyŏng (宋以潁, n.d.) in 1669 and repaired by Pak Sŏnggŏn, member of the Defense Command’s artisan squad in 1688. Shows signs of additions and repairs made in the 19th century.









Table 7. Artisan Squad at the Military Guards Agency, 1876
	Title/Craft
	Name

	Grandmaster artisan 都邊首
	Chŏn Hŭnggil 全興吉

	Blacksmith 冶匠
	Ch'oe Hangnok 崔恒祿

	
	Yun Mansŏk 尹萬石

	Brass plater豆錫匠

	Hŏ Hak 許鶴

	
	Min Munyŏng 閔文永

	
	Yi Unsŏng 李云成

	Caster 乼匠 [注匠]
	Chŏn Hŭngsŏk 全興錫

	Polishers 鍊磨匠
	U Tŏkkyu 禹德奎

	Drill borer 鑽穴匠
	Yim Hyŏn'gyu 林鉉奎

	
	Chŏn Sumyŏng 全壽命

	Lacquerer 漆匠
	Yun Chŏmson 尹點孫

	
	Hong Samyong 洪三龍

	Polisher 磨光匠
	Yu Ch'irok 柳致祿

	Brass workers 燒爐匠
	Chŏn Chaebok 金再福

	Quiver maker 筒箇匠
	O Ch'iwŏn 吳啓完

	Stock maker 造家匠
	Min Ch'igwan 閔致寬

	Screwed nail maker 螺絲釘匠
	Yi Ŭnp'il 李殷弼

	Lathe turner  磨造匠
	Kang Tŏkchu 姜德周

	Arrowhead smith 箭鏃匠
	Kim Chŏnghŭi 金正喜

	Swordsmith 刀子匠
	Sŏ Hyŏnuk 徐鉉郁

	Silversmith 銀匠
	Pak Tŭgyŏng 朴得英

	
	Yi Yunbae 李倫培

	Bookbinder 冊匠
	Kim Kŏnsik 金健植

	Braided cord maker 多繪匠
	Ch'oe Hanch'un 崔漢春

	Woodworker 小木匠

	Kim Hŭngi 金興伊

	
	Kang Samman 姜三萬

	
	Pak Sŏnggŭn 朴聖根

	Engraver 雕刻匠
	Kim Haksŭng 金鶴昇

	Carpenter 木手
	Song Kyech'ang宋啓昌

	
	Paek Wŏnjun 白元俊

	Stonemason 石手
	Hŏ Sŏnggil 許成吉

	
	O Myŏngch'ŏn 吳命天

	Plasterer 泥匠
	Kim Sunhŭng 金順興

	Cook 熟手
	Kim Wansŏng 金完成

	
	Kim Kiin (金麒仁)



Source: Chigugwan ch’ŏnghŏn ilgi, 1876/5+/6.
[bookmark: _Toc17381493][bookmark: _Toc35272047]The Officer-Manager

	In my usage here, officers refer to those of middling ranks who were subordinate to the directors and generals who headed the divisions, but superior to the soldiers and workers who provided military labor (Table 8). Looking closer, this group consisted of two substrata: general officers (changgwan 將官) and petty officers (changgyo 將校). The former—not to be confused with actual generals above—were high-ranking commanders of sizable units such as platoons. The latter were an assorted group of low-ranking specialists, including “regular” military officers such as instructors (Kyoryŏn’gwan 敎鍊官) and chief petty officers (Chigugwan 知彀官), as well as medical experts such as physicians (Yakpang 藥房), acupuncturists (Ch'imŭi 鍼醫) and equine veterinarians (Maŭi 馬醫).[footnoteRef:182] [182:  	I consider chief petty officers, instructors, and banner officers “regular military specialists” because they were experts in the knowledge of military manuals and relied upon during drill. For details on types of officers and sources, see Table 8.] 

	Among this diverse group, it was mainly the petty officers—i.e., the “regular” military experts—who crossed over to the workshop. As with the case of the soldier-artisans, the skilling of officers was an institutionalized practice. At first, officers entered the shop to fill in for shortage of personnel. Starting in the late 17th century, however, this opening allowed them to root down, hold manager positions concurrently, and even push their scholar-superiors—staff officials as well as managers from scholar-elite backgrounds—out of production altogether.
[bookmark: _Ref36321103][bookmark: _Toc37456282][bookmark: _Ref38624363]	This story begins in the early 17th century, before officers became the predominant managerial group at the workshops. How were the first supervisors recruited? In late 1594, just as the agency was training its first recruits, production was already underway for guns, gunpowder, and melee weapons (spears and swords).[footnoteRef:183] In accordance with the directorate model, the [183:  	These facilities were later named Musket Works and Gunpowder Works. The workshop that produced melee weapons became absorbed into the Musket Works, as both involved metalwork.] 

Table 8. Personnel at the Three Military Divisions, c.1750.
	Classification
	Shared convention across the divisions

	Officials 官制
	Chief Director 都提調
General	大將
Joint Director 兼提調
Chief Administrative Official [軍色/軍餉色]從事官[footnoteRef:184] [184:   	The chief administrative official was originally called staff official according to the directorate model. The name change occurred in 1755. Regardless of the name change, the convention was that each division had two such officials, one recruited from the civil aristocrats to direct the Registering Office, and the other recruited from the military aristocrats to direct the Provisions Office. The position sometimes occurs under “general officers” in the Military Training Agency.] 


	General Officers 將官
	Chief Military Officer 中軍
Special General Officer 別將
Division Commander 千摠
Company Commander 把摠
Platoon Commander 哨官

	Petty Officers 將校
	Special Officer 別軍官
Chief Petty Officer 知彀官[footnoteRef:185] [185:  	In 1723, two positions then unique to the Military Training Agency—chief petty officer and bannermen—were considered equivalents of the instructor position in other divisions. Eventually, the position of chief petty officer was separated and placed above others at the agency, and replicated in other divisions. Hun’guk tŭngch’o 訓局謄鈔 [Copied records of the Military Training Agency] (n.p., 1834), Changsŏgak Collection, K2-3402, 1723/2/18.] 

Instructor 敎鍊官[footnoteRef:186] or Bannermen 旗牌官 [186:  	Instructors were selected based on three techniques—archery (sapŏb 射法), military reading (pyŏngsŏgang 兵書講), and maneuvering (chinpŏb 陣法)—and broadly from military exam degree holders (ch'ulssin 出身), previous officials (chŏnham 前銜), unemployed military exam candidates (hallyang 閑良), and rank-and-file (hango 行伍, pyŏngjol 兵卒) alike. HMMTS, Kyoryŏn’gwan 교련관. Also see Hun’guk tŭngnok, 1691/9/25.] 

Special Trooper 別武士[footnoteRef:187] [187:  	I translate pyŏlmusa as special trooper because the term—trooper—originally meant cavalryman in English. The title of pyŏlmusa was created in 1710 by renaming the retinue cavalrymen (solgŏ mapyŏng 隨率馬兵). The latter were specially selected for their skill (chaeye 才藝) and eventually, as they accumulated ranks and titles, the renaming was needed to distinguished from the rank-and-file. Hun’guk sarye ch’waryo, Pyŏlmusa kaeho 別武士改號. Many special troopers were from the northern provinces. O Such’ang 오수창, Chosŏn hugi P’yŏngando sahoe paljŏn yŏn’gu 조선후기 평안도 사회발전 연구 [Social Development in Pyŏngan Province of the late Chosŏn] (Iljogak, 2002).] 

Physician 藥房
Acupuncturist鍼醫
Equine Veterinarian 馬醫



Source: three sections of “officials” (kwanje 官制), “general officers” (changgwan 將官), and “petty officers” (changgyo 將校) from Kŭmwiyŏng sarye ch’o 禁衛營事例草 [Rough Draft of the Compilation of Precedents at the Palace Guards Division] (n.p., 1623–1874), Changsŏgak Collection, K2-3295; Kŭmwiyŏng sarye; Hun’guk tŭngch’o; Hun’guk sarye ch’waryo; Hun’guk ch’ongyo.
respective facilities were each led by staff officials: Yi Chahae (李自海, active 1593–1604) supervised musket production, Chŏng Sayŏng (鄭士榮, active 1584–1593) gunpowder, and Ch’oe Tŏksŭn (崔德峋, active 1583–1601) melee weapons.[footnoteRef:188] These scholar-officials had some familiarity with overseeing technical work. Yi, for instance, was probably exposed to metalwork (typefounding) as a copyist (chŏngja 正字) at the Office of Editorial Review (Kyosŏgwan 校書館),[footnoteRef:189] and Chŏng was also a man of “skillful nature” (kyosŏng 巧性) who once led silver-mining operations in Hwanghwae province.[footnoteRef:190] The sources, alas, do not elaborate on their individual undertakings, but we know this much: to recruit skill, they recruited local artisans as well as Japanese surrenders (hangwae 降倭) and Chinese defectors; to supply materiel, they arranged for estate farms and mining operations in the provinces such as the Iron Smelting Works (ch'wich'ŏlsso 吹鐵所) of Chŏrhyŏn.[footnoteRef:191] [188:  	We know this because during the 4th month of 1594, these officials were rewarded for leading successful production. For the full list of staff officials and affiliated bureaus, see Sŏnjo sillok, 1594/4/15.]  [189:  	Yu Sŏngnyong 柳成龍, Sŏae chip 西厓集 [Literati Collection of Yu Sŏngnyong], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 52 (Minjok Munhwa Ch’ujinhoe, 1996 [based on 1871 reprint version]), 125b–c: 往時校書正字李自海在開城府時, 監造鳥銃, 其精巧與倭銃無異, 而又造虎蹲砲, 其制亦似中國之砲; 143a–b: 近日都監有匠人一名, 自開城府來到, 精於製造鳥銃. In another source, we learn that Yi interacted with Ming officers, asking questions about the New Book. Sŏnjo sillok, 1593/10/6: 今朝使郞廳李自海, 往質于駱參將留營之人駱尙忠稱云者…且質疑時, 事知譯官一人, 與自海同爲往來, 質正疑處如何.”]  [190:  	Ibid., 1584/4/7: 忠州判官崔德峋有巧性, 遞付京職, 敬差官稱號, 送于咸鏡道, 使之採銀, 吹鍊和賣.]  [191:  	The employment of Japanese and Chinese experts in these workshops will be addressed in detail in Chapter 6. For a general discussion, see Kim, Chosŏn hugi chungang kunje, 194, 257. The Iron Smelting Work of Chŏrhyŏn 鐵峴 was located in Chaeryŏng 載寧, Hwanghae Province. The earliest record of dispatching artisans to these places occurs in early 1594. Yu, Sŏae chip, 143b: 若擇取京中善手鐵匠五六人, 來習於都監匠人, 藝成之後, 分送黃海道忠淸道, 海邊各官, 炭鐵有裕處爲都會, 連續打造. For relevant entries in the Garrison Records, see Hun’guk sarye ch’waryo, Chŏrhyŏn 鐵峴. Also see Hun’guk tŭngnok, 1675/5/25; 1679/11/1. The agency also had other smelting works in P’yŏngsan 平山, Namp’o 藍浦, Hongsan 鴻山, and Chŏngsan 定山. Yu Sŭngju 유승주, Choson sidae kwangŏpsa yŏn’gu 조선시대 광업사 연구 [History of Mining in Chosŏn] (Koryŏ Taehakkyo Ch’ulp’anbu, 1993), 225.] 

	In actually running the workshops, however, staff officials relied on the managers to handle the direct supervision of artisans.[footnoteRef:192] Managership at the divisions seems identical to that at the Government Arsenal in terms of its role and proximity to the artisans.[footnoteRef:193] But the difference was that in the latter (and in the directorates as well), managers were civil officials under ministerial rank, whereas in the former, they hailed from lower social groups, including commoners and even slaves (though by accident). This broadening of eligibility was a wartime improvisation to meet the shortage of supervisors when establishing new workshops. As early as 1593, the agency was reported to have selected their managers from the “likes of base men” (yongbi chi ryu 庸鄙之類) to fill in for “staff officials could not directly supervise the work.”[footnoteRef:194] Cho Sejin (曺世鎭, active 1593–1604), for example, was a slave-turned-manager who led the agency’s Gunpowder Works for four years.[footnoteRef:195] [192:  	Historian Yu Sŭngju was the first to study the role of these managers. He found that in these far-flung mining operations, which expanded later to include sulfur, lead, and silver by the late 17th century, a manager led 10–30 artisans each and many more workmen with the help of a scribe, runner, and a warden. Yu’s research does not consider the Garrison Records, however, and says little about the in-house workshops or the relationship between the related role of “manager” and “production manager.” Ibid., 175–274. ]  [193:  	Production logs in the Garrison Records show that the court often conflated the two, referring to “managers” in the division workshops as “production managers.” In most cases, the divisions would use kamjo as an adjective (“production managing”) prefixed to titles such as staff officials and managers, but they sometimes reported their “managers” as “production managers” to the court as well. In the replies by court, the staff officials and managers were often lumped together and referred to simply as kamjogwan. There are still other variations. For a basic example, see Hun’guk tŭngnok, 1742/3: 使監官柳挺泰監董打造已畢役矣, 見樣鳥銃千柄, 別單封進之意, 敢啓. 傳曰: 監造官考例稟處.]  [194:  	Kwanghaegun ilgi 光海君日記 [Daily Records of King Kwanghae], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1610/1/11#6: 凡都監監造官, 以參下文官塡差; Sŏnjo sillok, 1600/7/25#1: 郞廳勢不能親管其事, 派遣庸鄙之類, 稱爲監官. On the low social status of managers in the mining operations, see Yu Sŭngju, Choson sidae kwangopsa, 213, 218–20.]  [195:  	We can surmise that Cho worked at the Gunpowder Works because he was included in a historical list of saltpeter managers in 1638. SJW, 1638/8/9. By 1601, then, he was awarded for successfully transmitting the techniques of toxin-making from Sun Long (孫龍, fl. 1601), a Chinese gunpowder expert who had defected to the Military Training Agency during the war. Sŏnjo sillok, 1601/5/21#7, 1601/5/26#2. As we learn later, Cho was in fact of slave origins (ch’ŏnrye 賤隷) and was later penalized for falsifying his identity as otherwise. Sŏnjo sillok, 1604/5/5#4: 東部主簿曺世鎭, 系出賤隷, 改名冒仕, 聞者莫不駭愕, 請命遞差.] 

	The social opening of managership was a wartime improvisation to meet the shortage of personnel. But what began as a contingent measure became permanently lodged in the Korean division model. The power of precedent in Chosŏn governance was indeed significant: during the course of the 17th century, as more divisions were set up and each required (and acquired) in-house workshops—as well as their estate farms, warehouse, smelting shops, and mining operations—managers grew in tandem. We can appreciate in retrospect the great variety that emerged during this period. By 1743, namely, there was a Cambrian explosion of managers and manager types (Table 9). There were the likes of saltpeter managers (yŏmch’o kamgwan 焰焇監官) and iron smelting special officers (ch'wich'ŏl pyŏljang 吹鐵別將) who worked in actual production shops, but also those who managed miscellaneous yet important tasks for the divisions, including accounting (hoegye kamgwan 會計監官), warehouse keeping (ch'aegŭng kamgwan 策應監官), and tree-planting (singmok kamgwan 植木監官).
	How did the divisions supply so many managers? In the realm of mining, historian Yu Sŭngju has shown compellingly that they resorted to appointing locally—rather than dispatching from the center—and appointing anyone who had enough skill and technical knowledge to discover new mining deposits. In practice, this meant that managers in these far-flung operations were often aspiring nonelites such as Yi Ŭirip (李義立, 1621–1694), an up-and-coming commoner who even left a literati compilation.[footnoteRef:196] [196:  	Yu Sŭngju, Choson sidae kwangopsa, 218–21. Yi Ŭirip (李義立, 1621–1694), Kuch’ungdang munjip 求忠堂文集 [Literati Collection of Mr. Kuch’ungdang] (compiled in 1910–1919), Changsŏgak Collection, K4-5780.] 

[bookmark: _Ref36633584][bookmark: _Toc37456283]Table 9. Managers at the Three Military Divisions, 1743
	Division
	Manager Types

	Military Training Agency
	New Division Manager 新營監官
Saltpeter Manager 焰焇監官
Musket Manager 鳥銃監官
Bow and Arrow Manager 弓箭監官
Gunpowder Manager 火藥監官
Accounting Manager 會計監官
Northern Division Manager 北營監官
Warehouse Manager 策應監官
Yongjin Manager 龍津監官
Sŏnwŏn [Warehouse] Manager 仙源監官
Pukhan Fortress Manager 北漢監官
Special Officer of Chŏrhyŏn Iron Smelting Shop鐵峴別將

	Royal Division
	Warehouse Manager 䇿應所監官
Weapons Manager 軍器監官
Gunpowder [Depot] Manager 火藥[庫]監官
Accounting Manager 會計監官
Forge/Musket Manager (冶所/鳥銃監官
Planting Manager 植木監
New Division Manager 新營監官
Pukhan Fortress Division Manager 北漢留營監官
Kanghwa Division Manager 江華留營監官
Provisions Manager 軍餉色監官

	Palace Guards Division
	Accounting Manager 會計監官
Warehouse Manager 策應監官
Weapons Manager 軍器監官
Gunpowder Manager 火藥監官
Pukhan Fort Division Manager 北漢留營監官
Kanghwa Division Manager 江華留營監官
Special Officer of Karipa Iron Sulfur Shop in Wŏnju
原州加里坡屯硫黃別將
Special Officer of Kalsan Iron Smelting Shop in Chaeryŏng
載寧葛山屯吹鐵別將
Special Officer of Changyŏn Iron Smelting Shop 長淵吹鐵別將
Manger of Yangsan Estate Farm 梁山屯監官



Source: Sinbo sugyo chimnok; Hun’guk ch’ongyo; Ŏyŏng chipsach’ŏng sarye t’onggo 御營執事廳事例通攷 [Compilation of Precedents at the Office of Staff Military Officer in the Royal Division] (n.p., 1624–1880), Changsŏgak Collection, K2-3342, Changgyo chil 將校秩; Ŏyŏngch’ŏng sarye 御營廳事例 [Precedeants at the Royal Division] (n.p., 1684–1811), Changsŏgak Collection, K2-3350, i將校秩; Kŭmwiyŏng sarye, Hyangsaek 餉色.

	Back at the in-house workshops, the same challenge was met by assigning existing personnel: military officers. Remarkably, just as soldiers entered the shop and learned artisanal skills, officers, too, took on managerial roles. The earliest evidence occurs in 1616. At the time, the Military Training Agency was setting up a special manufactory (Pyŏljochŏng 別造廳) at the court’s behest—an expansion of production to fill in for the Firearms Directorate, which had just been terminated. The staff official at the agency, however, protested that this would double his work. To appease the official but still grow production, King Injo then set a new precedent: “general officers be selected to manage production” (changgwan t’aekchŏng kamjo 將官擇定監造).[footnoteRef:197] [197:  	Technically, this refers to a more specific category of officers known as “general officers” which were relatively high-ranking officers. Hun’guk tŭngnok, 1616/7/15: 鳥銃禦敵是緊良具, 分設兩廳, 課功多造好矣. 減去剩官以有料食, 將官擇定監造, 而提造頻頻, 仕進揆飭察其勤慢以責實.] 

	The idea at the time was that these officer-cum-managers would report to the directors of the division, starting effectively another line-of-production.[footnoteRef:198] Whether this was put into immediate effect is unknown, but the measure was intended to relieve the staff officials rather than to uproot them. In fact, it was surprising that military officers would even be assigned to the supervisory role: just the previous year, Ch’oe Tŏkmun (崔德雯, active 1615–1624), an expert in drill at the Military Training Agency, was deemed unsuitable to hold concurrently the role of production manager at the aforementioned Firearms Directorate.[footnoteRef:199] At this early stage, then, assigning officers to managing roles was more an exception than the rule.  [198:   	Ibid.]  [199:   	Hwagi togam uigwe, 98: 進士崔德雯, 明於軍務, 故監造官啓下, 方任於都監, 而訓練都監操鍊事緊, 一人之身奔走兩處, 勢所難堪, 崔德雯監造官改差, 專察訓練之務, 他可當人差出之意敢.] 

	The contingent measure of 1616, however, was a clear precedent, and other divisions followed suit. In 1625, for instance, officer Hwang Sŏnsin (黃善身, active 1597–1636) of the Chief Military Command managed a spear-making workshop. Tellingly, this workshop was also newly set up to accommodate the expansion outside of the original line of production at the divisions.[footnoteRef:200] [200:  	At the time, Hwang was tasked with forging 1,000 hooked spears (kyŏmch’ang 鎌槍) at this new workshop located in the Namhan Fort. The reason for setting up the new workshop was reportedly because the existing workshops were overburdened and running out of charcoal (to support the extra work allocated to Hwang). Incidentally, Hwang died fighting against the Manchu invasion of 1636 and his son, Hwang Ryu (黃塯, fl. 1652), carried his father’s mantle and passed the military exam in 1652. SJW, 1625/11/14. In another example, special officer (pyŏljang 別將) Hŏ Yong (許墉, n.d.) led artisans from the agency’s in-house workshop to the Iron Smelting Works of Ch’ŏrhyŏn to manufacture muskets there directly. Hun’guk tŭngnok, 1679/11/1.] 

Beyond this, the story of these early officer-managers is difficult to specify given the sparse sources of the early 17th century. By the 1680s, however, we know that they had taken over (Table 10). Sifting through the production logs in the Garrison Records, a pattern emerges from 1679 onwards of military officers having completely dominated the manager positions.[footnoteRef:201] Namely, all 21 logs that were filed in the same format between 1679 and 1738 show officers or officers holding managers positions.[footnoteRef:202] Some of these logs, of course, also included staff officials as per custom. A close reading shows, however, that they did not actually manage the work, and in fact, staff officials would disappear entirely from these logs after 1726.[footnoteRef:203] [201:  	By way of background, production logs are paperwork generated at the division workshops that list the total volume of production, types of items produced, and the names and roles of participating supervisors, craftsmen and other personnel (scribes, clerks, runners, wardens). These logs are abstracts of what transpired at the workshops over several months to a year and they were submitted to court along with prototypes (kyŏnyang, here samples) for evaluation and disbursement of rewards based on a certain rubric.]  [202:  	There are many more production events than represented here, but incomplete logs were excluded from this analysis.]  [203:  	For the last production log that reported the name of staff official, see Kŭmwiyŏng ch’o tŭngnok 禁衛營抄謄錄 [Copy of the Records of the Palace Guards Division] (n.p., 1682–1786), Changsŏgak Collection, K2-3300, 1726/2/19.] 

Looking closer at the list of officers, we learn an important insight: a close correspondence existed between the instructor and the manager position. Specifically, instructors comprised up to 86% (18 out of 21) of all supervisors and even those who are listed only as managers show up in other records as instructor, implying that the two were jointly held positions. One log put it in the surest terms possible: “as for the manager, it was our divisions’ instructor Yi Pallyong (李攀龍, fl. 1696–1708) of the senior-third rank (Chŏlch’ung 折衝) who supervised the work.”[footnoteRef:204]  [204:  	Ŏyŏngch’ŏng tŭngnok, 1708/12/18: 監官, 則本廳敎鍊官, 折衝, 李攀龍監董.] 

During the course of the 18th century, this practice then became codified in the administrative documents as “concurrent appointments” (kyŏmcha 兼差, kyŏmtae 兼帶). Namely, at the Royal Division and the Palace Guards Division, there were five manager positions—in weaponry, gunpowder, accounting, warehouse, and metalwork—that were specified to be held concurrently by instructors.[footnoteRef:205] By the turn of the 19th century, the eligibility was broadened to include military experts from platoon commander down to special trooper. Nonetheless, instructors were dominant—and other positions to which instructors were either promoted or related to—e.g., chief petty officers, banner officers.[footnoteRef:206] [205:  	The five concurrent manager positions are specified in the “list of petty officers” at the Royal Division. Ŏyŏngch’ŏng sarye, Changgyo chil 將校秩: 各所監官五員, 策應所, 軍器, 火藥庫, 會計, 冶所, 各一敎鍊官[兼差]. The same practice held at the Palace Guards Division, except that they had a “Pukhan Fort Division Manager” (Pukhan yuyŏng kamgwan 北漢留營監官) in lieu of the “Forge Manager” (yaso kamgwan 冶所監官). But these lists are not exhaustive and we know that the Palace Guards Division too had a “Metalwork Manager” (ch’ŏlmul kamgwan 鐵物監官), which is probably another word for the manager of the finery forges. Kŭmwiyŏng sarye, Hyangsaek 餉色: 監官五員敎鍊官兼各六斗; Sinbo sugyo chimnok, Kŭmwiyŏng 禁衛營: 會計監官一員, 策應監官一人, 軍器監官一員, 火藥監官一員, 北漢留營監官一員, 敎鍊官中兼察.]  [206:  	At the Robust and Brave Guards, managers were selected each year during the last month by drawing up a list of candidates from platoon commanders, chief petty officers, and instructors. At the General Guards Division, manager positions were likewise held concurrently by chief petty officers, instructors, and special troopers. See Changyongyŏng taejŏlmok 壯勇營大節目 [Regulations at the Robust and Brave Guards] (n.p., 1793), Changsŏgak Collection, K2-3369, Chikchang 職掌; Kŭmwiyŏng sarye, Kangdo yuyŏng 江都留營. Also see Ch’ongwiyŏng tŭngnok, Ch’aje 差除. For broadening of eligibility in the Royal Division, see Ŏyŏng chipsach’ŏng, Changgyo chil 將校秩: 各所監官七貟, 䇿應所, 軍器, 火藥庫, 會計, 冶所, 軍餉色, 各一知彀旗牌官兼差, 加料六斗朔木一疋式. For an early precedent of assigning platoon commanders to the position of managers, see Han Muin in Table 10; also see Sinbo sugyo chimnok, Ŏyŏngch’ŏng 御營廳 and Kŭmwiyŏng 禁衛營: 江華留營監官, 一員, 哨官兼差.] 

[bookmark: _Ref38488010]The rise of officer-managers led to systematic changes in organizing production at the division workshops and beyond. Within the divisions, they continued to dominate such that from 1768 to 1881, a whole new format for filing production logs began that better reflected the reality. This second format displaced the original practice of reporting two different kinds of supervisors—managers and staff officials—according to the military-administrative model.[footnoteRef:207] Instead, there were now three kinds—supervisor (kamdong 監董), special overseer (pyŏlkanyŏk 別看役) and overseer (kanyŏk 看役).[footnoteRef:208] The new convention was to prefix the three supervising roles to matching military positions, forming hybrid titles such as “supervisor-chief petty officer” or “special overseer-instructor.” The matching process depended on the nature of the work, but the general rule was this: the top role of “supervisor” went to relatively high-ranking personnel such as general officers (and generals, rarely); the bottom role of “overseer” to petty officers such as instructors and chief petty officers. But most importantly, “special overseer” was reserved for officers of exceptional manual skill and knowledge that could solve technical problems on the ground and even fill in where the artisans lacked.[footnoteRef:209] [207:  	I am not arguing that the change in format was caused singularly by the reality that managers were now officers and that staff officials a defunct category. Another factor includes a change in 1747 of policy on rewarding overseers of military production: rather than encouraging new products, the repair of existing weapons and artifacts was emphasized. To be sure, this was targeted towards local magistrates and commanders who sought reward for making new items haphazardly. Still, the emphasis on maintenance—enforced specifically by having the authorities report separately what was newly made (sinbi 新補) and what was repaired (subi 修補)— influenced the divisions too. After this point, the latter submitted logs that not only replaced the existing directorate model of reporting staff officials and managers. They also tended to separate new production work from repair jobs; in some cases, this in turn led to the increase in the quantity of items to be listed and the production log itself was now separated between a list of personnel (pyŏldan 別單) and list of items (suhyo tanja 數爻單子). For the change in policy, see SJW, 1747/6/16: 此後則舊軍器, 一皆修補, 又爲新備者及舊軍器夥然處, 一皆修補者, 依例加資. For an example of the new format, see Ŏyŏngch’ŏng tŭngnok, 1845/8/23. Also see the matching list of items that separated new products and repairs. Ibid., 1845/8/20.]  [208:  	This is not to suggest that the original manager positions disappeared: they continued until the end as concurrent positions. Also, strictly speaking, the managing role of “kamjo” was replaced by three more specific roles—“kamdong,” “pyŏlkanyŏk,” and “kanyŏk.”]  [209:  	For works in Korean about the special overseers, see Kim Tonguk 김동욱, “18 segi kwanyŏng kŏnch’uk kongsa esŏ pyŏlganyŏk ŭi sinbun kwa yŏkhal 18세기 관영건축공사에서 별간역의 신분과 역할 [The social standing and role of special overseers in the government construction works of the 18th century],” Han’guk kŏnch’uk yŏksa hakhoe ch’ugye haksul palp’yo taehoe (2006); Kim Tonguk 김동욱, “Chŏngjo Sunjo yŏn’gan kwanyŏng kongsa esŏ pyŏlganyŏk Chŏng Ut’ae ŭi choyŏng hwaldong 정조 순조 연간 관영공사에서 별간역 정우태의 조영 활동 [The activities of special overseer Chŏng Ut’ae at the government construction works during the reigns of Chŏngjo and Sunjo],” Kŏnch’uk yŏksa yŏn’gu 16, no. 3 (2007); Yi Hyŏnjin 이현진, “Kojongdae Kyŏngbokkung chunggŏn e ch’amyŏhan pyŏlganyŏk ŭi sŏnggyŏk [The nature of special overseers participating in the reconstruction of Kyŏngbok Palace during Kojong’s reign],” Chosŏn sidaesa hakpo 70 (2014); Kim Min’gyu 김민규, “Kyŏngbokkung insuhyŏng sŏsusang ŭi chejak sigi wa pyŏlganyŏk yŏn’gu [A study of special overseers and the statues of auspicious animals in the form of scale-covered anmial at Kyŏngbok Palace],” Munhwaje 47, no. 1 (2014). More on special overseers and the nature of their skill discussed below.] 

We will revisit this at the end of the chapter and how the second model was in fact a systematic change that shaped and was being shaped by the directorates at large. But for our purposes here, it suffices to understand this: military officers—not unlike the soldiers they commanded in the field—had now risen as managers in the shop, and they even prompted a formal restructuring of the supervisory system by the late 18th century. 
[bookmark: _Ref36634520][bookmark: _Toc37456284]Table 10. List of Managers in the Garrison Records, 1679–1713
	Year
	Name, Affiliation, Titles
	Items made
	Biographical Note (Compiled from Garrison Records and Diary of the Royal Secretariat)

	1679
	Chŏng Sahyŏn (鄭斯玄, active 1679–1704), Royal Division

Military officer 軍官 senior-third rank 折衝
	1,100 bows 黑角弓, 帿弓
	Passed the military exam, oversaw production at Royal Division again in 1681, was “special manager of training royal horses” 御乘馬調習別監官 in 1686 for his expertise in equine veterinary knowledge, bogus palace guard假衛將in 1687, recommissioned as palace guard 景福將 in 1702, horse-keeping officer of Kanghwa Island 江華監牧官 in 1704.

His elder brother Chŏng Sagyo (鄭斯僑, 1635–fl. 1677) passed the military exam in 1672, was port commander (junior-fourth rank) 萬戶 by 1677, and associate commander 僉使in 1686.

His father Chŏng Mi (鄭瑂, fl. 1635–1658) and grandfather Chŏng Tamsu (鄭聃壽, fl. 1623–1653) were royal physicians御醫.

	1682
	Kim Hurip (金後立, fl. 1682), Royal Division

Instructor 敎鍊官 former associate commander 前僉使
	1,260 special muskets別造鳥銃
	Port commander (junior-fourth rank) 萬戶in 1669, associate commander 僉使in 1676, was promoted to junior-fourth rank 副護軍in 1682 for managing production at the Royal Division.

His grandsons Yi Seju (李世胄, 1676–fl. 1714), Yi Sekyu (李世圭, fl. 1714) and Yi Chŏkch’un (李適春, 1689–n.d.) received degrees in astronomy and medicine.

	1689
	Han Muin (韓武仁, active 1681–1711), Palace Guards Division

Manager 監官 platoon commander 哨官
	1,020 swords環刀; 1,000 bows 校子長弓; 400 arrows 長箭, 片箭; 300 arrow guide 箇兒
	Junior-sixth rank 副司果in 1681, platoon commander of Palace Guards Division in 1687, associate commander in 1709–1711, and junior-fourth rank 副護軍 in 1711.

	1693
	Yu Yich’on (柳以村, n.d.), Military Training Agency

Unemployed military examination candidate 閑良
	1,000 muskets鳥銃

	-

	1693
	Yi Sŏkhwa (李碩華, 1633–fl. 1693), Military Training Agency

Senior-third rank 折衝
	1,000 bows黑角弓
	Passed military exam in 1672, oversaw the building of Taehŭng Fort 大興山城 as p’aejang 牌將in Military Training Agency in 1676.

His father Yi Myŏn (李㴐, fl. 1640–1657) held sinecure military posts.

	1702
	Cho Song (趙松, ?–c.1741), Royal Division

Instructor 敎鍊官 former senior-sixth rank 前司果
	1,100 muskets鳥銃

	Associate commander僉使in 1703, bogus palace guard假衛將 in 1716, junior sixth-rank主簿 by 1722.

Secondary son of scholar-official Cho Pongwŏn (趙逢源, 1608–1691).

His elder brother (born of the legitimate wife) Cho Kŭn (趙根, 1631–1680) passed the civil exam in 1666.

	1702
	Yi Kimyŏng (李基命, fl. 1722), Royal Division

[Manager 監官] instructor 敎鍊官 former port commander (junior-fourth rank) 前萬戶
	1,100 bows 黑角軍弓, 黑角帿弓

	Small county magistrate 縣監 in 1706, oversaw construction of Pukhan Fort as instructor 敎鍊官 junior-second rank 嘉善former small county magistrate前縣監 in 1711, small county magistrate 縣監 in 1713 and again in 1716, great county magistrate 郡守 in 1721–1722.[footnoteRef:210] [210:  	Not be confused with other contemporaries with the same name such as another Yi Kimyŏng who was junior-sixth rank 副司果in 1714, junior-fourth rank 副護軍 in 1717 and recommissioned in 1722; and whose son-in-law An Ŏk (安億, n.d.) passed the military exam in 1736.] 


Secondary son in the same family as scholar-official Yi Yimyŏng (李頤命, 1658–1722).

	1705
	Yi Kimyŏng

Manager 監官 [instructor 敎鍊官], senior-third rank 折衝
	1,020 bows 黑角帿弓, 交子長弓; 155 arrows 長箭, 片箭; 1,000 powder flasks 火藥桶 (that fit 3 jin of powder each); 1,000 leather bullet straps 生皮鉛丸帒 (holding 300 bullets each)
	






	1707
	Yi Pallyong (李攀龍, active 1696–1724), Royal Division

Manager 監官 [instructor 敎鍊官], senior-third rank 折衝
	50 leather armor 三升皮甲胄, 100 leather quivers 牛皮筒箇, 140 long arrows 長箭
	Instructor at Royal Division in 1696–7, scored perfectly (3 out of 3) on short arrows during military skill review at Royal Division and granted audience 直赴in 1696, port commander (junior-fourth rank) 萬戶 in 1700, oversaw making of bows as instructor 敎鍊官and former port commander (junior-fourth rank) 前萬戶at Royal Division in 1702, bogus palace guard假衛將 in 1706, instructor-manager in Royal Division in 1707–1709, made junior-second rank 嘉善 for manufacturing weapons in 1709, associate commander 僉使 in 1712, palace guard 忠壯衛將 in 1715, junior-second rank 同知 in 1715, small county magistrate 縣監 in 1717, junior-fourth rank 副護軍 in 1720, associate commander 僉使 in 1724.

His brother Yi Panik (李攀翼, 1670–n.d.) passed the military exam in 1707 and was ministerial military officer 堂上軍官 at the Palace Guards Division by 1729.

	1708
	Yi Pallyong

Manager 監官 instructor 敎鍊官 senior-third rank 折衝
	Newly Made 新造:
1,000 bows黑角帿弓, 交子長弓; 400 flails 朱紅鞭棍

Repaired 修補:
530 bows 交子弓, 697 muskets 鳥銃, 2,777 swords 環刀, 367 long arrows 長箭, 370 short arrows 片箭
	

	1712
	Hong Upŏm (洪禹範, fl. 1712)

Manager監官 instructor 敎鍊官 former senior-sixth rank 前司果
	1,100 muskets鳥銃
	Promoted to senior-third rank 折衝 in 1712. Potentially same Hong Upŏm was first candidate首擬 for special general officer 別將 in 1759, associate commander 僉使 in 1766, special general officer 別將 in 1784.

His potential uncle Hong Manŭng (洪萬雄, 1687–n.d.) passed the military exam in 1710, and was Platoon Commander in Palace Guards Division by 1728; his potential grandfather Hong Sŏnghŭi (洪聖輝, n.d.) held sinecure military posts up to senior-third rank禦侮將軍.




Source: These production logs were compiled from across the different Garrison Records, but mainly: Kŭmwiyŏng tŭngnok; Hun’guk tŭngnok; 
Ŏyŏngch’ŏng tŭngnok.



Nature of Work: Small but Diverse
 
	So far, we have appreciated how the division began and became “skilled” with a wide array of craftworkers and managers. But how did these elements translate into productivity? In what follows, I show that the divisions developed a distinct culture of production that emphasized a small-scale yet diversified output. These army manufactures, on the one hand, were limited in size: their nature was not to standardize and mass-produce in the way that the Government Arsenal—or modern industrial factories—would aspire to. On the other hand, however, they could handle great diversity: with so many skilled practitioners, the divisions were well-suited for producing multiple kinds of crafts, crafts that far exceeded the realm of military manufacture.
	Let us begin with size. As we explored in Chapter 1, the Government Arsenal was the largest manufactory in premodern Korea that once employed up to 800 craftworkers. One might say that the Military Training Agency—the largest of divisions—did not pale in comparison: a statistic from 1641, for instance, puts the number of its workmen as 140.[footnoteRef:211] In terms of the actual hands in production, this came close to the arsenal’s: in 1460, for instance, the latter registered 579 workers, but rotated them in 3 groups, so only 193 artisans were working at a time.[footnoteRef:212] [211:  	PT, 1641/5/2. ]  [212:  	Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 81–2.] 

	Still, the point here is about the nature of the production model and its potential to grow. The arsenal was a manufactory that specialized in manufacture only, and did not have to share hands and resources with a separate military training branch. The facility, moreover, existed within a centralized weapons system, whereby the arsenal was the hub of a giant wheel made up of various spokes—i.e., the regional workshops across the dynasty; so theoretically, production could be ramped up by deploying larger rotations of workers and by orchestrating subordinate 
workshops throughout the peninsula.
	The divisions, however, were arranged in a fundamentally different way that prioritized diversity over scale. First, production was devolved from a centralized manufactory (arsenal) into multiple, autonomous workshops (divisions). Thus, while each division was governed by a smaller scale of ambition, it could now form its own subculture of production—a precondition for diversity. Second, labor was arranged around a few but assorted group of practitioners. The early Chosŏn arsenal relied on the system of levying artisanal work as corvée labor, which in turn could bring in rotations of workers en masse. But the divisions tended to select workers on a permanent and salaried basis, which was a costly situation that cut down their number to a representative few. Finally, the divisions, as hinted above, had to balance between the training and the administrative branches. This meant that rather than increasing the total workforce, soldiers and officers diversified their skillsets, learning to fight as well as make.
	What did “diverse” production mean on the shop floor? Consider the case of the Robust and Brave Guards, a small division that existed for just 17 years (1785–1802). Despite its short-lived existence, this division produced more than 260 types of artifacts and over just 4 different manufacturing runs. The relevant production logs show inter alia flags, baskets, drills, rain coats, pincers, helmets, boots, bandanas, shooting targets, belts, measuring tapes, tents, seating mats, mortars and pestles, spades, hoes, bugles, drums, gongs, cymbals, fifes, wagons, caldrons, iron powder, ropes, candle holders, axes, casks, and folding screens. There are many more, and even this abridged list would multiply by subtypes—based on colors, patterns, uses, lengths, and etc.—for each item: there were, for instance, dozens of flags varieties. To be sure, it was only rarely that such an impressive range was created: the Robust and Brave Guards had just begun and so it needed the whole assemblage of materials, tools, and accessories. Still, the fact that all these items were managed within it, not bought or outsourced, speaks to its capacity for handling diversity.[footnoteRef:213] [213:  	Changyongyŏng kosa, 1795/12/29. Also see Ibid., 1788/3/28, 1790/7/16, 1792/1/22, 1797/6/12.] 

	The said capacity is legible in terms of the divisions’ longstanding efforts towards self-sufficiency. As independent financial institutions, the divisions managed their own operational expenses. To that end, they often used their workshops to make not just weapons but money. During the war, for example, the Military Training Agency had its metalworkers manufacture farming implements and distribute them to its own estate farms so that the latter could return profit with minimal investment.[footnoteRef:214] Later, when these farms were lost, the agency likewise turned to printing. Already during the war, the agency ran an in-house press to distribute Korean editions and translations of the New Book, but this would then turn into a commercial publishing house (sŏguk 書局) that sold poetry collections as well as technical treatises in the fields of medicine and military studies. As in the case of farming, this was facilitated by the fact that a whole cast of required artisans could be found internally—that is, soldiers who were skilled as blacksmiths, casters, sculptors, carpenters, and papermakers.[footnoteRef:215] [214:  	Kim, Chosŏn hugi chungang kunje, 177–8.]  [215:  	Yi Sik 李植, T’aektang chip 澤堂集 [Literati Collection of Yi Sik], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 88 (Minjok Munhwa Ch’ujinhoe, 1992 [first published in 1674]), 153d: 重修考事撮要後序, 編旣成, 付訓鍊都監書局, 用活字印出. The in-house press was run on movable types (chuja鑄字) acquired from the Office of Editorial Review (Kyosŏgwan校書館). Yi, Yanghodang ilgi, vol. 1, 160, 1594/8/6. In the Office of Editorial Review, the printing process was assigned to eight different artisan groups: the blacksmith, caster, and sculptor (chogakchang 彫刻匠)—who collaborated to make metal movable types—and the type-corrector (kyunjajang 均字匠), printer (inch’uljang 印出匠), type-engraver (kakchajang 刻字匠), carpenter, and papermaker (chijang 紙匠)—who produced the actual prints. For more, see Song Chŏngsuk 송정숙, “17segi Hullyŏn togam ŭi inswae ch’ulp’an hwaldong 17세기 훈련도감의 인쇄 출판 활동,” Sŏjihak yŏn’gu 42 (2009), 279; Ok Yŏngjŏng 옥영정, “Kunyŏng ŭi hwalja-wa inswae munhwa 군영의 활자와 인쇄문화,” in Chosŏn hugi chungang kunyŏng kwa Hanyang ŭi munhwa 조선후기 중앙 군영과 한양의 문화, ed. No Yŏnggu 노영구 (Sŏngnam: Han’gukhak Chungang Yŏn’guwŏn Ch’ulp’anbu, 2018). The Robust and Brave Guards also printed internally. Changyongyŏng kosa, 1790/4/29: 壯勇營進武藝圖譜通志…刻手朴亨蕃等十六名除, 刻匠金道元, 印出匠韓弼良等七名, 冊匠徐弼亮等八名, 小木匠李龍趨等二名, 使喚軍福男等二名, 參考前例分等施賞.] 

	If we funnel out of the agency to other divisions, examples further abound: tax grains were shipped from the southern provinces by building and repairing military vessels; division compounds were expanded by tasking soldier-carpenters and -plasterers; and even coins were minted for profit by repurposing their metal workshops.[footnoteRef:216] Also, while not particularly aimed at profit, the divisions were also partially compensated for building city walls, planting trees, diking riverways, catching tigers, and what have you.[footnoteRef:217] [216:  	For shipping, see Ch’oe Chuhŭi 최주희, “18segi chung huban Hullyŏn togam ŭi ibyŏk pŏmwi hwaktae wa togamgun ŭi sangŏp hwaldong 18세기 중후반 훈련도감의 입역 범위 확대와 도감군의 상업활동 [Expansion of the Military Training Agency’s Duties and the Commerical Activities of its Soldiers in the mid-18th century],” Han’guk sahakpo 한국사학보 71 (2018), 91–	3. For coin minting, see Cho Yŏngjun 조영준, “Hullyŏn togam kunin tŭl ŭi tongjŏn mandŭlgi 훈련도감 군인들의 동전 만들기 [Coin Minting by Soldiers of the Military Training Agency],” in Chosŏn ch’oejŏngye kundae ŭi t’ansaeng 조선 최정예 군대의 탄생 [Birth of the Military Training Agency], ed. Wŏn Ch’angae 원창애 (Sŏngnam: Han’gukhak Chungang Yŏn’guwŏn Ch’ulp’anbu, 2017); Yu Hyŏnjae 유현재, “Chosŏn hugi kunmun’gwa Sangp’yŏng t’ongbo 조선후기 군문과 상평통보,” in Chosŏn hugi chungang kunyŏng kwa Hanyang ŭi munhwa 조선후기 중앙 군영과 한양의 문화, ed. No Yŏnggu 노영구 (Sŏngnam: Han’gukhak Chungang Yŏn’guwŏn Ch’ulp’anbu, 2018). For construction work within the division, see Changyongyŏng kosa, 1799/11/3: 命壯勇營庫舍, 董沒人等, 施賞有差…家舍過百間, 則監董之人, 請賞自是節目.]  [217:  	Ch’oe Chuhŭi details the economic background behind this expansion of duties in her “18segi chung huban Hullyŏn togam ŭi ibyŏk.”] 

	As shown, the divisions’ growth into other areas of production had ironically to do with their drive for self-sufficiency. That is, in the process of raising funds resourcefully, they outgrew their nature as arms producers and undertook new ventures that held more commercial value than weapons on a peaceful peninsula. This ability to handle a myriad crafts did not go unnoticed by the Korean court. As we will detail next, the divisions were commissioned by kings and officials to undertake a stunning array of works, further entangling their practices and practitioners with the general landscape of craft production of the late Chosŏn.

Overgrowth

	From classical examples of sappers in early China to the modern military-industrial complex, the idea is not surprising that military workshops should influence—for better or worse—the development of science and technology beyond their compounds. The specific ways in which this story unraveled for Chosŏn, however, deserve study. In this final section, I show that the divisions and their practitioners became the backbone of scientific and technological endeavors in the late Chosŏn. Two manifestations of this overgrowth concern us: military artisans and officers rose to assimilate new knowledge from abroad as well as undertake royal craft projects at the directorates.
	Starting in the late 17th century, the divisions became the go-to institutions for making and understanding foreign technologies. Take for example their work on the European fire engine, a transport mounted with a hand-operated water pump for extinguishing fires.[footnoteRef:218] Renamed “water gun” (K: 물죠총, Ch: 水銃) in Korea,[footnoteRef:219] the said engine was an artifact that attracted some attention amongst the elite officialdom: in the diaries of various scholars who visited Japan and China, they are noted with fascination and surprise, followed by some desire to reproduce them back home.[footnoteRef:220] Textual exegeses on the machine would continue into 19th century, but few knew that it had in fact already been managed at the divisions.[footnoteRef:221] As early as 1723, the story goes, astronomer Hŏ Wŏn (許遠, 1662–?) returned from Beijing with a “Western water gun” (Sŏyangguk such’onggi 西洋國水銃器) and obtained the king’s permission to have it revere-engineered (Figure 7). Curiously, then, the job was passed down to the divisions, and officer-manager Chŏng P’irhan (鄭弼漢, active 1707–1777) at the Military Training Agency was first to deliver a Korean fire engine in a little over a month.[footnoteRef:222] The incipient knowledge about pump-making was also relayed to the other divisions. Officer-manager Ku T’aeju (具台柱, fl. 1725), for instance, made his engine two years later at the Chief Military Command, and the associated logs show that its production involved the expertise of a grandmaster artisan and nine other master artisans representing each a craft type.[footnoteRef:223] [218:  	There is still a 17th century fire engine in existence, currently stored at the Museum of London. Only the central barrel and iron pump mechanism had been passed down, but the museum staff recently restored the rest based on historical drawing among others. The engine is attributed to John Keeling from 1678. Museum of London, United Kingdom, ID no. 28.179/1. Also see Samuel Pepys, and Robert Latham, The Illustrated Pepys: Extracts From the Diary (Berkeley: University of California Press, 1978 [originally 1660–1669]), 124.]  [219:  	For the Korean vernacular term, see Mulmyŏnggo 物名考 [Thoughts on Taxonomy] (n.p., early 20th century), Kyujanggak Archives, Karam ko 031-M918a, Munmu ryu 文武類, 27a.]  [220:  	Pak Chiwŏn 朴趾源, Yŏnam chip 燕巖集 [Collected Works of Pak Chiwŏn], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 252 (Minjok Munhwa Ch’ujinhoe, 2001 [first published in 1932]), 176a; Yi Kyugyŏng 李圭景, Oju yŏnmun changjŏn san’go 五洲衍文長箋散稿 [Mr. Oju’s Scattered Drafts of Rough Writings and Long Notes] (Sŏul Taehakkyo Kojŏn Kanghaenghoe, 1993 [originally 19th century]), vol. 1, 537, Ŏhwa such'ong pyŏnjŭngsŏl禦火水銃辨證說: 嘗見奇器圖說等書, 始知其制, 而有數種焉. 及聞竹里金相公[履喬] 以通信上使入馬島, 島酋獻水銃一副而來, 故借而試之, 水直射空際者爲七八丈, 目擊而信其諸書之不誣也. Also see Kim Tongch’ŏl 김동철, “T’ongsinsaga pon 18segi Ilbon ŭi sanŏp kwa kisul 통신사가 본 18세기 일본의 산업과 기술 [The Industry and Technology that Korean Envoys saw in 18th century Japan],” Han’guk minjok munhwa 36 (2010), 113]  [221:  	This was only noted by 19th century scholars. Ibid., vol. 1, 537, Ŏhwa such'ong pyŏnjŭngsŏl 禦火水銃辨證說: 今單[軍]門亦有之, 鈍不堪用矣; Sŏ Yugu 徐有榘, Imwŏn kyŏngjeji Sŏmyongji: kŏnch’uk, togu, iryongp’um paekkwa sajon 임원경제지 섬용지: 건축, 도구, 일용품 백과사전 [Records on Forest and Garden Economy, Sŏmyongji: An Encyclopedia on Construction, Tools, and Daily Necessities] (P’ungsŏk Munhwa Chaedan Ssiat ŭl Ppurinŭn Saramdŭl, 2016), 107: 案, 我東軍營, 或有救火水車, 形制不一, 而其吸噀之術, 大抵相類, 今不能一一載錄, 惟在造者消息神明之如何耳.]  [222:  	Hun’guk tŭngnok, 1723/7/15: 癸卯七月十五日, 啓曰: “因觀象監草記, 有本監官員許遠, 所得來西洋人水銃, 令軍門造置之命矣. 都監監官鄭弼漢, 與許遠相議監董, 依樣造成, 爲備睿覽, 封進之意, 敢啓. Also see Kyŏngjong sillok 景宗實錄 [Veritable Records of Kyŏngjong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1723/5/25: 觀象監啓請製西洋國水銃器, 上從之. 本監官員許遠, 入往燕中得來, 乃救火災者也. 仍令各軍門造置, 地部以經用匱乏, 請待年豐, 上亦許之; Kŭmwiyŏng tŭngnok, 1723/5/26; SJW, 1723/5/26, 1723/7/15; Hun’guk tŭngnok, 1723/7/15.]  [223:  	Ch’ongyungch’ŏng tŭngnok 摠戎廳謄錄 [Records of the Chief Military Command] (n.p., 1725–1858), Jangseogak Archives, K2-3381, 1725/10: 草記, 水銃造成封進, 啓曰: “年前觀象監官員許遠, 所得西洋人水銃以來, 而伊時有造置軍門之命矣. 臣使所帶監官具台柱監董, 依樣造成, 故水銃一坐, 爲備睿覽, 封進之意, 敢啓.” 答曰: “知道.” 摠戎廳水銃造成時, 監官一員, 長弓一張, 筒箇一部, 長箭一浮, 書吏一人, 胡椒一升, 庫直一名, 丹木三斤, 使令一名, 丹木二斤, 都邊首一名, 長弓一張, 長箭一浮, 各色邊首九名, 各錢文五箋式; SJW, 1725/10/12. Officer Ku’s production log was curiously reticent: while listing a grandmaster artisan and nine different master artisans, it did not specify the craft types represented by the latter. This indicates that the artifact was no longer a novelty, and the abbreviated information was already well-known amongst producers.] 
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[bookmark: _Ref36654588][bookmark: _Toc37456617]Figure 7. European Fire Engine. Kyujanggak Archives, South Korea. In Diagrams and Explanations of the Wonderful Machines of the Far West (Yuanxi qiqi tushuo luzui 遠西奇器圖說錄最, 1627) by Johann Schreck (1576–1630). Shown on the left is an exploded view of the internal mechanism (positive displacement pump). On the right is pump mounted onto a wagon.

	The act of material translation (detailed in Part III) could start with a decontextualized object—i.e., the fire engine arriving in Korean hands before the availability of associated texts and images about it. Depending on the situation, however, it went the other direction: books
could transmit first—without the materials and instruments described therein—and become the basis for materialization.
	The divisions were commissioned with the latter as well. In the 1710s, a decade before the above incident, the Office of Astronomy set out to accurize its understanding of “Western” calendrical science—i.e., the Shixian li (時憲暦) method of Johann Adam Schall von Bell (1591–1666) and Qing astronomers.[footnoteRef:224] At the heart of these efforts was digesting new astronomical texts from Beijing as well as producing the associated instruments of calculation (ch’usan kigye 測算器械).[footnoteRef:225] By 1713, we learn that Korean astronomers were busily at work with the former, reprinting (and re-drawing by hand) Ferdinand Verbiest’s (南懷仁, 1623–1688) Disclosure on the Newly-Built Astronomical Instruments in the Observatory (Xinzhi Lingtai Yixiang Zhi 新制靈臺儀象志). As the sources suggest, however, someone with a “skillful mind” was sought to undertake the second task of materializing the instruments from these drawings. This was given to none other than Ch’oe Ch’ŏnyak who at the time served as instructor-manager at the Chief Military Command. Reading between the sources, we know that Ch’oe collaborated with the aforementioned Hŏ Wŏn (and a Qing astronomer visiting Korea) to try and make the different objects found in Verbiest’s book.[footnoteRef:226] The sources, alas, do not elaborate on which instruments materialized from this collaboration, and eventually they were also imported directly from Beijing.[footnoteRef:227] At the least, however, we know that a Western mechanical clock (“self-sounding bell,” chamyŏngjong 自鳴鍾) was earmarked for replication specifically at the time, and managed by Ch’oe.[footnoteRef:228] [224:  	For efforts in the 17th century to translate Western calendrical science, see Yim Chongt’ae 임종태, “Learning “Western” Astronomy From “China”: Another Look at the Introduction of the Shixianli Calendrical System into Late Chosŏn Korea,” Kwahak sahak hakhoeji 34, no. 2 (2012). Also see relevant sections in Catherine Jami, The Emperor’s New Mathematics: Western Learning and Imperial Authority During the Kangxi Reign (1662-1722) (Oxford: Oxford University Press, 2012); Mun Chungyang 문중양, Chosŏn hugi kwahak sasangsa: Sŏgu ujuron kwa Chosŏn ch’ŏnjigwan ŭi mannam 조선후기 과학사상사: 서구 우주론과 조선 천지관의 만남 [History of Scientific Thought in the late Chosŏn period: Encounter of Western and Chosŏn Worldviews] (Tŭllyŏk, 2016).]  [225:  	Sukchong sillok 肅宗實錄 [Veritable Records of Sukchong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1715/4/18.]  [226:  	SJW, 1713/+5/15: 本監, 方有儀象志開刊之役, 其中雖有圖本制法, 有未能瑩然者云. 如得巧思之人, 諦觀其器, 而得其製造之法, 誠爲多幸, 而如李敏哲者, 今已老病矣. 武人崔天若, 曾於都監治玉時見之, 頗有巧思, 許遠與崔天若及其他年少聰敏者, 擇出送之, 善爲解問, 則似或有學得之路矣; PT, 1713/9/19: 今九月十八日晝講入侍時, 知事趙泰耉所啓, 五官司曆, 持來儀器, 欲爲學得, 依樣製造, 當初陳達此意, 許遠及觀象監官趙琪, 入送館所時, 武士崔天若, 有巧思, 可以學得製造, 故同爲陳達入送, 其後, 又陳達追往義州, 盡學其法而來, 儀器製樣, 前日自彼中, 貿來圖本中有之, 已經睿覽, 而今又親見其器, 學得其法, 若不趁今製造, 恐有日後迷眛之慮, 故今方製造, 而崔天若, 其後見差摠戎廳敎鍊官, 長在軍門, 不得往看其役云, 使之除本司, 與本監官員許遠等同議, 監董其役, 何如.]  [227:  	There were six representative instruments and a later record says in retrospect that Hŏ Wŏn brought all six back from his trip to Beijing. The relationship between these instruments and those made in 1713 is unclear. Sukchong sillok, 1715/4/18: 初, 朝廷命觀象監官員許遠, 從節使赴燕, 見五官司曆, 貿來其曆法補遺方書及推算器械. 遠見司曆, 仍得其日食補遺, 交食證補, 曆草駢枝等合九冊, 及測算器械六種. All six instruments are depicted in a rare Korean manuscript—named “Drawings of Astronomical Instruments” (Ŭisangto 儀象圖). This manuscript, currently stored in the National Library of Korea, corresponds with fascicles 15 and 16 of the Chinese original; the fine drawings of instruments were hand-copied rather than printed due to the absence of copper engraving skills in Chosŏn. Also see Sukchong sillok pogwŏl chŏngo 肅宗實錄補闕正誤 [Veritable Records of Sukchong’s Reign with Additions and Corrections], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1714/5/23: 儀象志及圖成. 初, 觀象監正許遠, 入燕購得而來, 觀象監刊志以進, 書凡十三冊, 圖二冊亦依唐本摸出焉. In 1730, Ch’oe was sent on a diplomatic mission to China to learn inter alia Jesuit astronomical science. SJW, 1730/10/6: 彼國則百物簡便, 可以取法者多, 而有天柱堂, 測候等事, 天若則可以學來矣.]  [228:  	Sukchong sillok, 1715/4/18: 而又得西洋自鳴鍾而來, 其制極奇妙. 備局竝進之, 仍請以自鳴鍾, 依樣造置於本監, 許之; Yi, 18-segi Chosŏn inmulchi, 162–5: 英廟使進便殿, 出自鳴鍾落一釘者…仍下敎曰: “汝效鑄此鍾乎?...冶畢, 炭果僅足, 天若始知天縱之聖. 自鳴鍾之成於我國, 始於天若; Yi, Oju yŏnmun, Chamyŏngjong pyŏnjŭngsŏl自鳴鍾辨證說: 近世崔天岳[若]者, 善製此種; Hwang Yunsŏk 黄胤錫, Ijae yugo 頤齋遺稿 [Bequeathed Manuscripts of Hwang Yunsŏk], reprinted in Han’guk munjip ch’onggan, vol. 246 (Minjok Munhwa Ch’ujinhoe, 2001 [first printed in 1829]), 15b.] 

	When books or objects alone did not suffice, practitioners went on diplomatic missions to learn through direct observation. The case of bricks is instructive. New techniques of brickmaking materialized in the late Chosŏn through multiple introductions and local trials, but the results were not always satisfying, one reason being the “nature of the soil” (t’osŏng 土性).[footnoteRef:229] It was stressed nonetheless that talented officers—and sometimes, artisans—should travel abroad personally and take after the foreign methods. In 1677, for example, an unnamed officer at the Military Training Agency visited China for this purpose, and he stopped by a brick manufactory to “thoroughly observe its methods” (segyŏn kibŏp 細見其法) of manufacture.[footnoteRef:230] In another instance, An Chungjing (安重微, n.d.) was likewise dispatched from the Palace Guards Division, and at another Chinese manufactory, “the price was paid [for him] to study and obtain” (kŭpka haktŭk 給價學得) the methods, which turned out to be labor-saving and successful.[footnoteRef:231] In each of these technology poaching missions—which by the way spanned other objects as well—practitioners returned with new knowledge of techniques and tried them out at their home workshops with local materials.[footnoteRef:232] The planning of the said missions was also methodical: titles and justifications were sought to cover up Korean intentions; and in 1730 and 1738, when officer Ch’oe Ch’ŏnyak was tasked with Chinese bricks again, the possibility was discussed that he could fake illness and remain longer for a fuller study if needed.[footnoteRef:233] [229:  	For detailed studies, see Yun Yongch’ul 윤용출, “Chosŏn hugi pŏnbyŏk ch’uksŏng ŭi nonŭi wa kisul toip 조선후기 번벽축성의 논의와 기술 도입 [Discourse about Brick-Based Construction and the Introduction of Related Technologies in the late Chosŏn],” Han’guk minjok munhwa 67 (2018); Yun Yongch’ul 윤용출, “Chosŏn hugi pyŏktolssŏng ŭi ch’ukcho 조선후기 벽돌성의 축조 [Constructing Brick-Based Fortress in the Late Chosŏn],” Chiyŏk kwa yŏksa 42 (2018). There were of course techniques of brickmaking in Korea that traced back centuries, but the Chinese way of production was considered better and labor-saving. At least one officer noted, however, that the Chinese method was actually not that different and that it was the characteristics of soil used that mattered. SJW, 1678/4/20: 與此處燔造之法, 別無所異, 而來此以其法燔之, 則亦不能善成, 此必土性之異也. 維岳曰, 土性, 固有異, 安知江華, 亦無好品可燔者乎; 1730/10/6: 我國凡事, 率皆麤粗不精, 以城堞言之, 彼國則以甓築之, 極其精堅, 前有學來燔甓之命, 而終不能得其法, 此無他, 不知甓土性品故也.]  [230:  	Ibid., 1678/4/20: 赫然曰, 前日吳挺緯使北時, 借臣軍官而帶去矣. 偶到燔甓處, 細見其法.]  [231:  	Kŭmwiyŏng tŭngnok, 1686/10/25: 自禁衛營, 學習於北京燔造甓瓦之事, 比瓦署所燔, 容費旣省, 體制且固, 而瓦則未詳其制, 不能精造, 似當更探以燔矣. 出身安重徵, 方主此事, 欲於今番使行, 使之入去, 學得其法, 而若無名目, 則有難入送, 以上使別灣上軍官入送, 何如; SJW, 1686/10/23: 臣於赴燕時, 沿路見有燔甓處, 使商賈及軍官輩, 給價學得燔造之法, 還來後, 稟議于都提調, 試令小許燔造, 則功役甚小, 而制品堅好, 比諸我國之燔造, 事半功倍, 前頭都提調入侍時, 更爲商確稟定, 加出物力, 燔造於邊海之處, 以爲築城之用, 何如.]  [232:  	There were a number of other technology poaching missions, involving the manufacture of saltpeter and wagons in the 17th and 18th centuries, and a host of modern industrial technologies in the 19th century.]  [233:  	SJW, 1730/10/6: 有崔天若者, 乃是不易得之巧才, 今若率去, 則可以學得燔甓及石炭等法矣; 1738/10/29: 顯命曰…而甓板燔造, 物力甚難. 將校崔天若, 曾於彼國, 得燔甓之法以來, 而猶有未達一間之歎, 渠以爲若又一次往見, 則可以盡得其規云. 今此使行, 使之隨往, 稱病落後, 盡學其方而來, 何如.] 

	Whether through objects, books, or direct observation, the task of assimilating new knowledge became natural work for the divisions and their practitioners. The type of work commissioned knew no bounds. In the field of construction technology, officers became tasked with pulley machines (nongno 轆轤) and pontoon bridges (chugyo 舟橋)—artifacts that were, respectively, described in Jesuit scientific texts and observed during diplomatic missions to Japan.[footnoteRef:234] In the field of agriculture, the divisions also made water wheels (such’a 水車; Figure 8) and was once asked to reproduce a cotton gin (kyogŏ 攪車) from China.[footnoteRef:235] In the field of medicine, military practitioners authored books on equine veterinary science, printed medical  [234:  	The development of pulleys and pontoon bridges is misattributed to scholar Chŏng Yakyong based on the latter’s autobiography. For example, see Kim P’yŏngwŏn 김평원, Enjiniŏ Chŏng Yagyong: Chosŏn kŭndae konghak ŭi kaech’ŏkcha 엔지니어 정약용: 조선 근대공학의 개척자 [Engineer Chŏng Yakyong: The Pioneer of Modern Engineering in Chosŏn] (P’aju: Tasan Ch’odang, 2017). Scholar Chŏng may have compiled readings and provided some insights, but it was officers like Chŏng Ut’ae who actually designed and implemented them on the ground. See Kim, “18 segi kwanyŏng kŏnch’uk," 125–6; Ilsŏngnok 日省錄 [Record of Daily Reflections], edited by Seoul Taehakkyo Kyujanggak (Seoul Taehakkyo Kyujanggak, 1982–1996), 1790/7/26: 以藍浦縣監丁遇泰, 差舟橋司別看役; Chŏngjo 正祖, Hongjae chŏnsŏ 弘齋全書 [Complete Works of Chŏngjo], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 262–7 (Minjok Munhwa Ch’ujinhoe, 2001 [originally 1814]), vol. 267, 292b: 乃親授舟橋指南一篇. 有丁遇泰者有巧思, 掌其事, 細節目處, 頗多出入, 而大規模則竟莫能移易也. There were officers who specialized in this work such as pulley managers (nongno p’aejang 轆轤牌將) and those working in the Office of Pontoon Bridge (Chugyosa 舟橋司). Ilsŏngnok, 1800/11/13: 下玄宮時轆轤牌將資憲黃壽海邊將除授. Also see Ibid., 1790/1/26: 船隻之大小尺度, 江水之廣, 挾把數, 未能詳知, 訓局成册, 亦未修納, 而當別造尺度, 以下更遣可信, 將校尺量以來之意, 傳于訓將也; Chŏngjo sillok 正祖實錄 [Veritable Records of Chŏngjo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1790/7/1: 造橋時, 三軍門將校各三人, 軍士各六名, 以伶俐勤實者定送; 1797/2/1: 命舟橋屬校吏船人等施賞.]  [235:  	In 1783, for instance, an unnamed individual with a “skillful mind” was recruited to reenact a “Western” screw pump (Figure 8), known in China and Korea as a “dragon tail wheel” (龍尾車; K: yongmich’a, Ch: long wei che). The reigning king at the time—Chŏngjo (正祖, 1776–1800)—was excited about this, and might have used it to water his late father’s tomb. SJW, 1783/7/5: 此吏曹參判李敬養上疏也…水車有助農功, 制作旣有私造, 先令三軍門取來其私造者, 倣以造成, 以爲試用之地, 何如; 1783/7/19: 民始曰, 因吏判疏請, 自軍門招致巧思人, 造出龍尾車云, 故臣試取見, 則雖是試可之制, 其功用之博, 似非桔槹之比矣. 上曰, 龍尾車與水車不同, 水車則自古有之, 龍尾車則其制新, 自西洋出來, 載於徐光啓農政全書中. 今所造出者雖小, 亦足驗其利澤之淺深否? 民始曰, 一丈之地, 似可激而行之矣; 1783/8/25: 以新造水車, 隨時灌注, 則豈有枯損之理乎. Screw pumps did not see widespread use, but the divisions made other water wheels for distribution. Ŏyŏngch’ŏng tŭngnok, 1754/4/24: 明陵有水車三坐, 一則戶曹所送, 二則軍門所送也, 今皆破傷竝還下修補出送何如. 上曰: 還下, 而只一件, 令軍門換送可也, 本營初無出送, 而訓局出送, 故自訓局擧行矣; 1754/7: 明陵水車, 頃日依傳敎造送, 而造成後試之, 則洽似雨下, 數畝之地, 頃刻遍霑, 誠奇矣, 上曰: 若用於田誠好矣. 自五軍門各造二件, 分送各道, 則各邑必當依樣造成矣; Changyongyŏng kosa, 1790/4/20: 園所所用水車十五坐, 自本營今方製造. The divisions also had a Japanese treadle water wheel (踏車, J: fumiguruma), known in Korea as mujawi (K: 무자위, Ch: 水自圍). See Muwiyŏng kaksaek kun’gi wanp’a kubyŏl sŏngch’aek 武衛營各色軍器完破區別成冊 [Inventory of Military Machines at the Military Guards Agency] (n.p., c.1882), Jangseogak Archives, K2-3312, Chŏn Hun'guk Yŏmch'osaek [前訓局]焰硝色. Unaware of this source, historians have misunderstood this water wheel as having been “unused in traditional Korea.” See the otherwise impeccable work of Mun Chungyang 문중양, Chosŏn hugi surihak kwa suri tamnon 조선후기 수리학과 수리담론 [Study of Hydraulics and Hydraulics Discourse in the late Chosŏn] (Chimmundang, 2000).] 

texts, made a human figure for acupuncture studies (ch’imgŭm tongin 鍼金銅人; Figure 9) and later also imported modern vaccination methods from their Japanese counterparts.[footnoteRef:236] [236:  	As noted above, there were acupuncturists, physicians, and equine veterinarians within the divisions. Relevant texts include Kunjung ŭiyak 軍中醫藥, Haenggun p'yŏnbang 行軍便方, Magyŏng ch'ojip ŏnhae 馬經抄集諺解, Sŏgŭn poŭnbang 石隱補遺方. Also see Kang Io 姜彛五, Yaksan hogo chongbang ch’waryo 若山好古腫方撮要 [Essential Prescriptions of Abscesses by Kang Io, the Antiquer] (n.p., 19th century), Jangseogak Archives, K3-359. For details on the acupuncture model, see Kim, “18 segi chogakka,” 130–1; Pak Yŏnghwan 박영환, “Ch’imgŭm tongin ŭi chejak e taehan koch’al 침금동인의 제작에 대한 고찰 [Study on the Manufacture of Bronze Acupuncutre Model],” Han’guk ŭisa hakhoeji 25, no. 2 (2012). Officer and medical expert Pak Yŏngsŏn (朴永善, active late 19th century) played an important role in importing modern vaccination methods from Japan. While unaware of Pak’s military affiliation, historian Kim Yŏnhŭi provides a good summary in “19segi huban hanyŏk kŭndae kwahaksŏ ŭi suyong kwa iyong: Chi Sŏgyŏng ŭi Sinhak sinsŏl ŭl chungsim ŭro 19 세기 후반 한역 근대 과학서의 수용과 이용: 지석영의 신학신설을 중심으로 [The Reception of Modern Science in Chinese Translation during the late 19th century: focusing on Chi Sŏgyŏng’s New Explanations on the Study of the Body],” Han’guk kwahaksa hakhoeji 39, no. 1 (2017), 68, 83, 85.] 

	Many of these artifacts and projects were passing fancies. But ironically, where military practitioners found consistent employment was at the directorates. These, as noted above, were temporary works that sustained the dynasty by coordinating all kinds of royal crafts and technical projects. While temporary, there was still much work to go around: every time an important member of the royal family died, wedded, and became honored—while living or posthumously, this meant a long list of ritual paraphernalia to be made, from seals of various kinds, their boxes and accoutrements to portraits, clothes, sculptures, tombs, coffins, and what have you. In fact, one needs to look no further than the career of Ch’oe to understand what “consistent employment” could mean. From 1713 to 1755, the officer managed a succession of short-term projects at the directorates, making more than 40 royal seals out of jade and gold (Figure 1) and overseeing the construction of four royal tombs (Figure 10).[footnoteRef:237] [237:  	Kim, “18 segi chogakka,” 125–6.] 
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[bookmark: _Ref36658004][bookmark: _Toc37456618]Figure 8. Water Wheels. Shown on the left is a Korean sketch of an Archimedean screw pump. In Illustrated Description of Water Wheels (Such'a tosŏl 水車圖說, n.d.). Jongno Public Library, Seoul, South Korea. The diagonal strips around the tube represent the helical surface of the pump. Upon rotation, water is scooped up from the bottom and deposited at the top. Made by Korean divisions in 1783. On the right is the Japanese treadle water wheel (踏車, J: fumiguruma), known in Korea as mujawi (K: 무자위, Ch: 水自圍). National Diet Library, Tokyo, Japan. In On the Usage of Farm Implements (Nōgu benriron 農具便利論, 1822) by Ōkura Nagatsune (大蔵永常, 1768–1861). Made and used at the Military Training Agency.
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[bookmark: _Toc37456619]Figure 9. Human Figure for Acupuncture Studies. National Palace Museum of Korea, Seoul, South Korea. Made by Ch’oe Ch’ŏnyak, 1741. Bronze casting made in 12 parts and welded. A total of 354 acupuncture points, which show extensive use.



[bookmark: _Ref36986447][bookmark: _Toc37456620]Figure 10. Peony and Lotus Flower Carvings, 1731. On “folding screen rocks” (pyŏngp'ungsŏk 屛風石) that surrounded the tomb of King Injo. These flowers were new shapes introduced by Ch’oe and they became characteristic of royal tombs thereafter. P’aju, South Korea.

	As artisans and officers exported their expertise to the directorates, they left behind countless artifacts that can still be appreciated in the various royal tombs and palace museums today. Historians of Korean art and architecture have noticed the subtle influence of these practitioners on the royal crafts: after Ch’oe took to work, for instance, the shaping of turtle heads on the genre of jade seals became more intricate, and the style of stonework—particularly the shapes of human eyes—also transformed to look more naturalistic. While we are only beginning to learn about these works, their contemporaries had no trouble attributing them. In 1755, one scholar-official who had supervised the Directorate for Royal Tomb Construction took undue credit for a piece of stonework he had “overseen” three years ago. Hearing this, King Yŏngjo then laughed out loud and retorted, “This is obviously the work of Ch’oe—how can you say it is your doing?”[footnoteRef:238] [238:  	Ibid., 127, 128–9, 130–1.] 

	The contribution of these talents was indeed amply noted and rewarded at the time. In particular, the role of the special overseer, which began in the 18th century, became a regular channel through which officers like Ch’oe exerted influence within the directorates. Special overseers were hands-on problem solvers who filled in for—and replaced—the artisans where they lacked. As specified also by King Chŏngjo (正祖, 1776–1800), the role was designated for “those with manual skill such as Ch’oe Ch’ŏnyak and his likes.”[footnoteRef:239] In concrete terms, this meant that special overseers actually worked with their hands and carried around their own toolbox. In the said toolbox, one would find rulers and fine drawing brushes, but also “2 carving knives (toja 刀子), 15 small nails (sojŏng 小釘), and 1 hammer (mangch’i 亇赤)” as well as sewing needles.[footnoteRef:240] [239:  	Ilsŏngnok, 1789/7/13: 別看役之任, 若非有手才如崔天約之類, 則當取自中之地處履歷.]  [240:  	Ibid., 1789/10/2: 別看役卞世義, 丁遇泰, 李禮輔, 鄭汝淵, 鄭道弘, 鄭東仁, 李大蕃, 各執器械, 一齊用力…別看役一人, 以長尺頻頻量之所得地平尺寸. For other tools, see Kim, “Chŏngjo Sunjo yŏn’gan kwanyŏng kongsa,” 123. Special overseers also used the sewing needles to personally wrap and seal by stitching the cloth that covered the coffin. Ilsŏngnok, 1789/10/4: 別看役卞世義, 丁遇泰, 李禮輔, 鄭汝淵等…卞世義, 丁遇泰, 鄭汝淵各持針紉, 以紅唐絲合縫.] 

	Studies show that military officers dominated this role until the end of the dynasty.[footnoteRef:241] These were none other than Ch’oe, his colleagues, and their successors who likewise practiced and trained in the division workshops. Pyŏn Ijin (卞爾珍, active 1731–1759), for instance, was an officer at the Royal Division who would form a dynamic duo with Ch’oe at the directorates—ranging across seal-making, stone-carving, and tomb construction.[footnoteRef:242] In the next generation, Chŏng Ut’ae (丁遇泰, active 1779–1804) went on to “handle the art of a hundred crafts” (chip paekkong chi yŏkki 執百工之役技), undertaking beautiful stonework (Figure 11) as well as inlaying gold onto royal coffins, designing special pulleys to lower the said coffins (Figure 12), and laying pontoon bridges to transport the king to the completed tomb.[footnoteRef:243] Finally, a family of Kang produced many talented officer-managers throughout the 19th century (discussed in Chapter 4). To give just one example, Kang Yun (姜潤, 1830–1898) carved seals, built tombs, repaired palaces, and oversaw the drawing of royal portraits (Figure 13).[footnoteRef:244] [241:  	See footnote 209.]  [242:  	SJW, 1736/3/16: 玉印, 玉軸造成同知崔天若, 卞爾珍; 1744/8/2: 此如耕問奴織問婢, 卞爾珍有巧思, 自以爲萬無搖動云, 惟當任渠造成, 若不堅緻, 則更爲結搆, 宜矣. One scholar-official who observed the duo in action sung high praise that “their manual skill was indeed extraordinary,” and another quipped that, “Pyŏn is adept at making things that have shape (yuhyŏng chi mul 有形之物) while Ch’oe excels in creating things without shape (muhyŏng chi mul 無形之物).” Ibid., 1743/08/28: 數百年前古制, 能模倣而爲之如此, 其人手才果奇矣; 1747/07/29: 有形之物, 爾珍能造, 無形之物, 天若善創矣.]  [243:  	Ilsŏngnok, 1789/10/10: 丁遇泰能執百工之役技, 藝極精矣.]  [244:  	SJW, 1861/4/22: 以御眞圖寫時尙衣提調監董閣臣以下別單…別看役…前僉正姜潤…畫員李漢喆·趙重默. ] 

	Precedent after precedent, work after work, the practice of co-opting talented practitioners from the divisions wrought deep changes in the late Chosŏn: a socially marginalized group of petty officers rose to hold honorable ranks and even obtain significant positions in the scholar-dominated bureaucracy. For Ch’oe who set this trend, his endless toils at the directorates meant that he was promoted in rank after each work, and that eventually he catapulted himself from an “unemployed military examination candidate” (hallyang 閑良) to a junior-second military rank (Chahŏn taebu 資憲大夫).[footnoteRef:245] To be sure, in a government where scholar-aristocrats monopolized important positions, the best Ch’oe could do was become associate commander (ch’omsa 僉使).[footnoteRef:246] But the talented officers that followed his footsteps further challenged the limits of their birth to inch higher: Chŏng broke new ground by being appointed to the position of county magistrate (hyŏngam 縣監), which many of his successors then followed; and Kang Yun even rose to become chief magistrate of the capital district (Hansŏngbu p’anyun 漢城府判尹)—a position as prestigious as the Mayor of Seoul today.[footnoteRef:247] [245:  	Yi, “Chosŏn hugi Tongnae-in Ch’oe Ch’ŏnyak,” 74–5, 79–82. Yi, 18-segi Chosŏn inmulchi, 162–5: 以多勞國役, 累恩擢至武功二品職.]  [246:  	Yi, “Chosŏn hugi Tongnae-in Ch’oe Ch’ŏnyak,” 82.]  [247:  	Kojong sillok 高宗實錄 [Veritable Records of Kojong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1889/9/19: 姜潤爲漢城府判尹. For the opening of magistracies to special overseers, see Kim, “Chŏngjo Sunjo yŏn’gan kwanyŏng kongsa,” 121–2.] 

 

[bookmark: _Ref36985763][bookmark: _Toc37456621]Figure 11. Stone Lantern. Tomb of Crown Prince Sado (1735–1762), father of King Chŏngjo. Hwasŏng, South Korea. Stonework by master masons (sŏksu py’ŏnsu 石手邊首) Kim Taehwi (金大輝, n.d.) and Chŏng Yubok (鄭有福, n.d.). Special overseer included Chŏng Ut’ae.




[bookmark: _Ref36985782][bookmark: _Toc37456622]Figure 12. Special Pulley System. National Museum of Korea, Seoul, South Korea. In Royal Protocols for Constructing King Hŏnjong’s Tomb (Hŏnjong kyŏngnŭng sallŭngdogam ŭigwe 憲宗景陵山陵都監儀軌, 1849). First designed by Chŏng Ut’ae for the tomb of Crown Prince Sado in 1789.











[bookmark: _Ref36985753][bookmark: _Toc37456623]Figure 13. Royal Portrait of King Ch’ŏljong in Military Uniform. National Palace Museum of Korea, Seoul, South Korea. Crafted in 1861 by a team of painters, artisans, and supervising officials, and damaged in 1954 by fire. The king’s face in particular was completed by military painters Yi Hanch’ŏl (李漢喆, 1808–?) and Cho Ch’ungmuk (趙重默, 1820–?). Special overseers included Kang Yun, a talented painter himself.








Conclusion

	This chapter has traced the origins of the divisions and the rise of two new types of practitioners, the soldier-artisan and the officer-manager. Working under a distinctive environment that is the division workshop, these practitioners gave occasion to a model of production that emphasized self-sufficiency, and consequently, a small but diverse manufacture. This new model did not just redefine military affairs à la scholar Pak—that is, prioritize artifacts and artisanal knowledge over drill, tactics, and strategy. The divisions also went beyond their bailiwick as arms producers to dominate the general landscape of crafts and technology in the late Chosŏn: as shown, they undertook various scientific and technological endeavors for the court, becoming a “laboratory” of sorts for testing, rejecting, and materializing new knowledge and artifacts; they, moreover, influenced the directorates and interfaced with many fields of art and architecture, ranging from seal-making and stonework to tomb construction and portrait painting.
	Yet, even after tracing these workshops over the longue durée, and appreciating their practices and practitioners from a close distance, the question lingers: how? This is the same curiosity posed at the outset of this dissertation with Ch’oe Ch’ŏnyak and his impressive range of crafts: how did he do it? The key, as we examine in Part II, is to understand the knowledge-making practices of artisans and practitioners.
[bookmark: _Toc37456351][bookmark: _Toc37461030]Part II
[bookmark: _Toc37456352][bookmark: _Toc37461031]EPISTEMOLOGY



[bookmark: _Toc37461032]Chapter 3
[bookmark: _Toc37461033][bookmark: _Toc37461034]Artisan’s Way: Prototyping in the Early Chosŏn, 1392–1592

Shortly after the East Asian War of 1592–1598, a Korean artisan shared his portfolio of technical drawings with a scholar-official, seeking the latter’s support in promoting his designs vis-à-vis the Korean court. This is Cho Ch’ŏnjong (曺天宗, active 1592–1615), a craftsman extraordinaire who devised a sophisticated landmine (Figure 14), and his patron Yi Hyŏn (李俔, 1540–1618), the scholar who petitioned the Korean king on his behalf.[footnoteRef:248] Remarkably, several years later, Cho was given an opportunity to demonstrate his landmine at court. Boasting great firepower and a trigger-operated ignition, his device impressed the royal audience, and the officials quickly arranged him a salary and a team of other artisans to replicate it.[footnoteRef:249] Later, Cho even became manager at the Firearms Directorate, overseeing dozens of other craftsmen at the government-led workshop.[footnoteRef:250] [248:  	Yi Hyŏn 李俔, Kyoch’widang chip 交翠堂集 [Literati Collection of Yi Hyŏn] (Published by Yi Py’ŏnsu 李寬秀 in 1925 [originally 17th century]), Kyujanggak Archives, ilssago 819.52-Y56g, Ch'ŏngyong mujŏkp'o so 請用無敵砲疏. A few historians are aware of Cho Ch’ŏnjong, but the details of his life and works (including the drawing of his landmine) have gone completely unnoticed, not to mention his relationship with scholar-official Yi Hyŏn. For an example of existing scholarship on Cho, see Kim Ho 김호, Chosŏn kwahak inmul yŏlchŏn 조선 과학인물 열전 [Biography of Scientists in the Chosŏn period] (Hyumŏnisŭt’ŭ, 2003), 154–65.]  [249:  	Kwanghaegun Ilgi, 1612/11/12#3. I provide the original text and translation of this source later.]  [250:  	Hwagi togam uigwe, 140–3.] 

This chapter examines the knowledge-making practices by artisans like Cho. It demonstrates in particular prototyping (kyŏnyang 겨냥)—i.e., the use of drawings, models, numerical specifications, and technical writing to constitute a piece of craft knowledge. We have already seen in Chapter 1 that the early Chosŏn arsenal organized production by rotating its workforce, segmenting manufacture, and appointing managers. This chapter, however, concerns how these artisans actually undertook manufacture. That is, did craftspeople in early Chosŏn

[bookmark: _Ref37426866][bookmark: _Toc37456624]Figure 14. Drawing of Cho Ch’ŏnjong’s Landmine. Kyujanggak Archives, Seoul, South Korea. In Yi Hyŏn, Kyoch’widang chip. Two serrated wheels (at the center) are placed inside a fuse box underground. They activate when the plank on the surface (right) is stepped on and pulls the safety pin. The wheels then turn—driven by the weight of the rock (at the bottom) that drops—and they let off sparks that ignite the match cord (top center). Encased in bamboo, the match cords communicate fire to the gunpowder shells, triggering explosion. Abbreviated is another set of wooden plank and gunpowder shells on, respectively, the left and bottom half of the drawing. This drawing is attributed to Cho but scholar Yi added his own touches.
have a template for gathering and conceptualizing knowledge? How did the artisan know what to make and how to make?
In shifting focus to these questions of epistemology, I set out to recognize Chosŏn artisans as knowledge-makers and uncover the nature of their shopfloor practices. Historians have to date stuck to the trope of the abject and uncreative Chosŏn artisan. For example, cultural and economic historians like Kang Man’gil emphasized from early on that craftspeople in premodern Korea belonged to the lowly status of slave, if not commoner, and that they were oppressively levied to deliver goods in the form of corvée labor (sinyŏk 身役).[footnoteRef:251] Their observation is not untrue, but the problem is that it has grown exaggerated—and grotesque—in the pages of subsequent writers: some scholars have gone far to suggest that the mentalité of Chosŏn artisans was “self-deprecating,” that they had “no pride in their skill,” and even that they “willingly refused to pass down their techniques to posterity.”[footnoteRef:252] A deep-seated bias lurks beneath these statements, one that relegates manual workers as unthinking drudges. [251:  	Kang, Chosŏn sidae sanggongŏpsa; Yi Sŏngmu 이성무, “Chosŏn ch’ogi ŭi kisulgwan kwa kŭ chiwi: chunginch'ung ŭi sŏngnip munje rŭl chungsim ŭro 조선초기의 기술관과 그 지위: 중인층의 성립 문제를 중심으로 [Technical Specialists and their Status in early Chosŏn: The Problem of Chŭngin Stratum Formation],” in Hyeam Yu Hongnyŏl paksa hwagap kinyŏm nonch’ong [Festschrift for Hyeam Dr. Yu Hongnyŏl] (Hyeam Yu Hongnyŏl Paksa Hwagap Kinyŏm Nonch’ong Kanhaenghoe, 1971), 193.]  [252:  	Kim Chongt’ae 김종태, Hanʾguk sugongye misul 한국수공예미술 [Korean Handicraft Art] (Yegyŏng Sanŏpsa, 1990), 36–8; Kim Hŏnsŏn 김헌선, “Han’guk changin ŭi yesul kwa chŏngsin segye 한국 장인의 예술과 정신세계 [The Art and Spirit of Korean Artisans],” Han’gukhak yŏngu 9 (1997), 111–46; Chŏng Suhyŏn 정수현, “Han’guk kwa Ilbon ŭi changin chŏngsin pigyo yŏn’gu 한국과 일본의 장인정신 비교 연구 [A Comparative Study of Artisan Mentalities in Korea and Japan],” Pigyo munhwa yŏn’gu 35 (2014).] 

I challenge these core assumptions by situating Korean artisans within the historiography of early modern science. Recent works in this field have rightfully recognized artisans as much more than material producers. “[C]raft,” as Pamela Smith summarized, “can be investigative—like natural philosophy or ‘science’—and not just productive.”[footnoteRef:253] Indeed, rather than simply churn out goods, craftspeople possessed their own mode of gaining and processing knowledge through the very act of material production. This, as noted before, is what historians of science termed artisanal epistemology—an empirical approach that prioritized bodily labor, apprenticeship, and the manipulation of matter as sources of truth.[footnoteRef:254] So far, historians have identified artisanal epistemologies within Europe and in relation to theories about nature. In Pamela Smith’s study, for instance, she reveals that early modern metalworkers, while making castings from life, pursued their own conception of the cosmos—a “craft paradigm” that linked butter, blood, gold, mercury, and lizards into a coherent worldview.[footnoteRef:255] [253:  	Pamela H. Smith, “Making as Knowing: Craft as Natural Philosophy,” in Ways of Making and Knowing: The Material Culture of Empirical Knowledge, ed. Harold John Cook, Pamela H. Smith, and Amy R. W. Meyers (Ann Arbor [Michigan]: The University of Michigan Press, 2014), 19.]  [254:  	Smith, “Epistemology, Artisanal,” 1.]  [255:  	Smith, “Making as Knowing,” 19.] 

This chapter also uncovers a form of artisanal epistemology but one that began in the early Chosŏn workshops. The following analysis, unlike Smith’s, does not delve into theories about the matter—exploring, say, how certain artifacts embodied the Korean artisan’s system of natural knowledge. Rather, working from a different set of available sources and priorities, it encounters a more down-to-earth world of practices, skills, and materials that flourished in the government workshops of 15th and 16th century Korea. This is the world wherein artisans and practitioners handled a variety of knowledge-objects—from sketches and models, to moulds, recipes, numerical specifications, and technical manuals—and arrived at a more certain knowledge about what to make and how to make. Mapping out their culture of prototyping carries us from the Government Arsenal to its various satellite works in the provinces, and finally back to our artisan Cho Ch’ŏnjong who marked the end of an era of craft knowledge production.
Kyŏnyang: The Targeting of Knowledge

The practice of the Korean artisan to represent a craft idea—whether through image, word, or object—has gone largely unnoticed, if not misunderstood, by historians. On the one hand, scholars of craft have long identified the practice but emphasized only its conservative aspects: based on meticulous studies of royal objects, they stressed the strong impulses by artisans to follow classical precedents, rather than contribute their own designs.[footnoteRef:256] On the other hand, unaware of such practices altogether, historians of science and technology have lamented the lack of technical drawings in Chosŏn: accustomed to seeing the precise, geometric drafts from early modern Europe, they set out to dismiss their Korean counterparts as “art” for appreciation, rather than templates for production.[footnoteRef:257] [256:  	Yi Suna 이수나, “Kongye ŭi hyŏngsik sŏlgye, Kyŏnyang 공예의 형식 설계, 견양 [Designing of Craft, Kyŏnyang],” Toye yŏn’gu 26 (2017), 184; Ch’oe, “Chosŏn chŏn’gi Kyŏnggongjang.” ]  [257:   Even as they asked the “why not” question and generated useful scholarship, their works do not appreciate that drawings were just one part of a holistic system of technical representation. Chŏng Hyŏngmin 정형민, and Kim Yung Sik [Kim Yŏngsik] 김영식, Chosŏn hugi ŭi kisuldo: Sŏyang kwahak ŭi toip kwa misul ŭi pyŏnhwa 조선후기의 기술도: 서양 과학의 도입과 미술의 변화 [Technical Drawings in the late Chosŏn period: Reception of Western Science and Artistic Change] (Sŏul Taehakkyo Ch’ulp’anbu, 2007).] 

Neither stands up to the case of Korean prototyping as demonstrated here. As an actual investigation shows, the Chosŏn artisan’s way of representation was a means to create new knowledge as well as perpetuate old ones. Also, while comparative inquiry is more than welcome—and in fact, deeply informs this dissertation, we must remember to first defamiliarize our West-centric and modernist gaze before facing other practices: what we might see as “imprecise,” “out of proportion,” or “inefficient” is a reflection not so much of the capacity of Chosŏn artisans to communicate as of our inability to perceive meaning produced in a context other than our own.
With this, let us turn to kyŏnyang, the practice of using drawings, models, and writing to convey a craft idea—or what I have translated here as prototype.[footnoteRef:258] Kyŏnyang is an artisanal technique that developed in the early Chosŏn, if not earlier. The term itself is a significant clue to its origins in the vernacular artisanal culture. Namely, kyŏnyang means to “target” (kyŏ-nyang 겨냥) in Korean.[footnoteRef:259] The primary significance of this word is to take aim, as in leveling one’s eye at an object (kyŏ-nyang taeda 겨냥대다) or in sighting a projectile weapon (kyŏ-nyang hada 겨냥하다). But more to the point, it had a secondary meaning which was to convey an object’s specifications (kyŏ-nyang naeda 겨냥내다), as in measuring the object by laying it against a backdrop and tracing its perimeter. For a Korean artisan to “target” something, then, was to capture and represent its size and shape.[footnoteRef:260] [258:  	I translate kyŏnyang as prototype because the word in English is capacious enough to embrace its various uses in the government workshops of Chosŏn. As opposed to alternatives such as “original,” or “sample,” a prototype encompasses not just the object to be replicated from, but also a means to test the reliability of knowledge and determine specifications for a working system.]  [259:  	Yi, “Kongye ŭi hyŏngsik sŏlgye,” 174.]  [260:  	Ibid. Also see Paek Munsik 백문식, Uri mal hyŏngt’aeso sajŏn 우리말 형태소 사전 [Dictionary of Korean Morphemes] (Pagijŏng, 2012), 73.] 

Starting in the early Chosŏn, this practice entered the bureaucratic language and figured in the state archives as kyŏn-yang (lit. “observed shape” 見樣) in the literary Sinitic.[footnoteRef:261] This, as argued by historian of craft Yi Suna, was presumably a meaningful transcription of the vernacular language used by artisans on the shop floor. That is, as scholar-supervisors entered the workshop and witnessed their practices—or as artisans themselves tried to communicate with their superiors, a piece of shop talk emerged into writing. This, as noted in Chapter 1, finds support in the translation of other workshop terms that also originated in the vernacular. [261:  	Whether this mode of prototyping had emerged separately amidst the artisanry or through state sponsorship has remained a chicken-and-egg problem. It is plausible that as the state grappled with the challenges of organizing the artisanry, and as interactions became frequent between managers and artisans at production sites such as the Government Arsenal, the vernacular kyŏnyang became increasingly lodged in the bureaucratic language and absorbed by scholar-officials who interacted with the artisans. Interestingly, the word does not show up in database searches for Koryŏ sources. What is certain, however, is that artisans were the primary practitioners of kyŏnyang, and that this knowledge-making practice was amply mobilized for compiling state projects. For overviews on the concept of kyŏnyang, see Yi, “Kongye ŭi hyŏngsik sŏlgye”; Chang, “Chosŏn Wangsil ŭigwe,” 91–2; Pak Chŏnghye 박정혜, “Ŭigwe rŭl t’onghaesŏ pon Chosŏn sidae ŭi hwawŏn 의궤를 통해서 본 조선시대의 화원 [Chosŏn Painters as seen through Royal Protocol Books],” Misulssa yŏn’gu 9 (1995).] 

One may refute this, however, with the possibility that kyŏnyang was instead a palatalization of an originary expression in the literary Sinitic. After all, in China, too, we find similar practices that went by a similar name—yang (樣).[footnoteRef:262] I contend, however, that practices of prototyping were a common impulse in various cultures of making, and that it is more productive to investigate local variations in context, rather than engage in a chicken-and-egg debate. Indeed, it is clear that within Korea, the notion of “setting a target of production” (wi chunjŏk 爲準的) did exist as a historical expression.[footnoteRef:263] Also, the complete term—with the addition of the first character kyŏn to signal the vernacular meaning of “target”—finds no equivalent in Chinese or Japanese. Regardless of origin, then, this indicates a deep process of localization—if not independent innovation—at the hands of the Korean artisan. [262:  	Chen, “The Rise of Technocratic Culture.” Also see Dagmar Schäfer, “Knowledge By Design—architecture and Jade Models During the Qianlong 乾隆 Reign (1735–1796),” in The Structures of Practical Knowledge, ed. Matteo Valleriani (Cham: Springer, 2017).]  [263:  	Sŏnjo sillok, 1593/12/2: 以倭鳥銃之精妙者, 爲準的, 一依其樣, 製造可矣.] 

So what was the Korean kyŏnyang? As hinted above, artisans made prototypes of various forms.[footnoteRef:264] Drawings, for one, tended to be crude and meant simply to communicate the general idea of an artifact.[footnoteRef:265] Depending on the object, however, some were held to a higher level of precision and especially when they served as a direct guide during production.[footnoteRef:266] Take, for instance, an artisan’s drawing of a queen’s badge (Figure 15): the meticulous details are understandable, as the piece was used for embroidering or mounting gold onto the final product. In terms of models, the standard practice was to mock up in full-scale (Figure 16). As exemplified by a porcelain fragment from a 15th century workshop, we can see that craftworkers at the time had already begun to use samples to guide production: on the base of the said fragment is written the words kyŏnyang in the literary Sinitic. Korean artisans also made models in reduced scales for testing as well as for convenience of viewing. Alas, these delicate models have not survived the test of time, but we have textual records on a variety of artifacts that were prepared in reduced scale, including ships, buildings, and astronomical instruments.[footnoteRef:267] [264:  	Yi Suna’s article lists the three types of kyŏnyang as technical drawing, full-scale model, and reduced scale model. Historian of architecture Kim Wangjik does not distinguish between models of different scales and gives another third type: architectural blueprint. But a closer look reveals that what Kim meant as blueprint was in fact a technical drawing—broadly defined to include not just small artifacts but also buildings. I have thus consolidated the different categories into two. Yi, “Kongye ŭi hyŏngsik sŏlgye”; Kim Wangjik 김왕직, “Yet kŏnch’ukto ŭi tobŏp e kwanhan yŏn’gu 옛 건축도의 도법에 관한 연구 [A Study of Drawing Techniques in Old Architectural Drawings],” Kogo Misulssaron 6 (1999).]  [265:  	For more on kyŏnyang as drawing, see Yi, “Kongye ŭi hyŏngsik sŏlgye,” 171–81.]  [266:  	In 1431, for instance, a painter was flogged because the dragon pattern he drew onto a ceremonial cask was missing its molars—a small difference that the king noticed after comparing with the original kyŏnyang. Sejong sillok, 1431/11/16#3: 命工曹, 進節日表筒畫龍見樣, 覽之曰: "今看見樣, 則畫龍有牙齒, 拜表時, 予見表筒, 不畫牙齒." 卽命畫員齎金追及聖節使之行畫之. 聖節使回報: "表筒五龍及袱內一龍, 皆不畫牙齒, 今幷加畫而行." 命憲府, 鞫工曹佐郞元志於及畫員以啓, 憲府啓: "志於不能詳察, 請笞五十. 畫員楊斐, 令史鄭理杖六十." 命笞斐, 理各二十, 志於勿論.]  [267:  	For examples of buildings and ships, see Yi, “Kongye ŭi hyŏngsik sŏlgye,” 185–7. Also see SJW, 1735/1/20: 別軍職尹弼殷, 改造戰船體樣事…故依此造成, 而其制樣, 待於閤門外矣. 上曰, 內入見後, 當下備局矣. The example of astronomical instrument to be detailed below.] 

What is remarkable about the Korean prototyping is that a single term—kyŏnyang—captured all of the practices above and more. To wit, kyŏnyang was a holistic system of technical representation that combined drawings, models, moulds, written instructions, and sometimes even elements of oral communication all at once. Models were often made and used simultaneously with the drawings, and depending on the job, one could precede or replace the other.[footnoteRef:268] Also, when kyŏnyang moved from one workshop to another—as it did from a centralized manufactory like the arsenal to its satellite works, it went with managers and artisans who oversaw its making, which added to the reliability of knowledge conveyed.[footnoteRef:269] As suggested by the multivalence of the term itself, kyŏnyang was a fluid system of knowledge with varying, overlapping forms. [268:  	The sole use of drawings for prototyping objects was limited and the Chosŏn court recognized this early on. For instance, in seeing that ritual vessels made after a drawing turned out to have deviated from the prescribed standard, new prototypes were made in the form of a model. Sejong sillok, 1432/08/04#4: 禮曹據平安道監司關啓: "檀君, 箕子, 高句麗三殿祭器, 初倣圖畫體制造作, 竝不如法.  請三位祭器內簠簋等, 改以鑄器, 籩篚, 令奉常寺造送, 瓦㽅, 本道見樣燔造. We know from material studies that some kyŏnyang were specified as kyŏnhwa (“prototype drawings,” 견화) but the term does not appear in textual sources. It is extremely difficult to tell just from terse records whether a particular event involved one type of kyŏnyang or another. But Yi Suna adduces convincing evidence that they were used side by side. Yi, “Kongye ŭi hyŏngsik sŏlgye,” 177. I demonstrate later in this chapter a case where the full range of kyŏnyang was used simultaneously—including drawings, models, writings, and specifications—to convey technical know-how on crossbows.]  [269:  	For evidence of artisans being dispatched with kyŏnyang, see Sejong sillok, 1435/4/13#3: 火砲及箭, 竝皆不可用, 遣工改造. 京中及各道軍器箭, 除改造, 其新造箭, 依樣製造. For production managers, see Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 100. In 1448, during King Sejong’s ordnance research project, the dispatchment of managers was no longer considered necessary because the kyŏnyang itself was becoming sufficient. This might have to do with the rise of precise measurement and numerical specifications, which we will discuss in the next section. Sejong sillok, 1448/12/6#1: 各營鎭旣有工匠, 製造軍器, 則銃筒箭, 勿令監鍊官監造, 分送見樣箭于各營鎭, 依樣製造.] 

This description alone amounts to a corrective to the view that technical representations in the Chosŏn were just art for appreciation: no, kyŏnyang was quite literally the “target” of production. What is less intuitive about this practice, however, is its epistemic nature. Was it indeed a mode by which the Korean artisan could create, accrete, and organize knowledge? Or did prototypes—as craft historians argue—only serve conservative functions of “corresponding to the precedents,” and of controlling and punishing the artisanry?[footnoteRef:270] [270:  	Historians of craft have focused on the function of kyŏnyang as a measure of state control. Yi, “Kongye ŭi hyŏngsik sŏlgye,” 184; Ch’oe, “Chosŏn chŏn’gi Kyŏnggongjang.”] 

To be sure, kyŏnyang was certainly used to preserve knowledge and regulate production. Prototypes, despite being made by artisans, often ended up in the court’s possession, and the latter would deploy them against their originators—i.e., to identify when deviations occurred in manufacture.[footnoteRef:271] This hijacking of artisanal epistemology was not uncommon: even Chosŏn kings  [271:  	Drawings would convey the general shape of the object and its specifications, while the models would be juxtaposed with the objects in the making. This anticipates the use of a “jig”—a device that holds a piece of work and guides the tools operating on it—in the modern factory, although, of course, the practice came nowhere close to the accuracy and interchangeability of jig-guided production.] 



[bookmark: _Ref37113062][bookmark: _Toc37456625]Figure 15. Kyŏnyang in the Form of a Drawing. National Palace Museum, Seoul, South Korea. A prototype drawing of a queen’s badge. It served as the basis for embroidering or mounting gold. Written on the left are the words—chŏgŭi kyŏnhwa (적의견화), or “prototype drawing for [the queen’s] pheasant robe”—in the Korean vernacular.




[bookmark: _Ref37113071][bookmark: _Toc37456626]Figure 16. Kyŏnyang in the Form of a Model. Ewha Womans University Museum, Seoul, South Korea. A prototype model of a white porcelain bowl. Written at the base are the words—kyŏnyang (見樣)—in literary Sinitic. Produced at a government porcelain works (kwanyo 官窯) in 15th century Kwangju.

would compare a new batch of products with prototypes and mete out punishment if they did not match.[footnoteRef:272] Models would also be stored for future reference and technical drawings compiled into books so that they may serve as repositories of knowledge and bases for comparison.[footnoteRef:273] In other words, knowledge of craft, as embodied in kyŏnyang, was itself power to administer production. [272:  	Sŏngjong sillok, 1492/1/24#3: 許多祭器, 何以盡入親監乎? 每件各一器入內, 予當親覽. For cases where punishment was meted out, see footnote 91.]  [273:  	The preservation of prototypes was necessary because as King Sejong once aptly noted, “at first [the techniques] are very precise, but the longer they are transmitted, the more their essence is lost.” The specific topic of this comment was ceremonial weaponry, and the king ordered a new batch of technical drawings to be made and bound into a book so that production managers would hand it down. In this case, painter An Kyŏn (安堅, n.d.) was ordered to draw up the ceremonial weaponry (ŭijang 儀仗) used for royal carriages (taesoga 大小駕) and to bind the sketches into a book to set the new standard for future replication. Sejong sillok, 1448/3/5#1: 凡製作禮器, 初雖至詳, 然傳之旣久, 必失其眞. 今考大小駕儀仗圖, 竝皆訛謬, 不合古儀. 今所製東宮儀仗, 令護軍安堅依法圖寫, 其大小駕儀仗圖, 亦令改正, 粧䌙成冊, 新舊官相代, 置簿交割. In fact, we have to rethink entirely the way we have been reading the royal protocol books. They are not mere illustrations of power and prestige, but repositories of technical knowledge. Recent works in Korean craft studies have shown that the purpose of keeping meticulous records in the royal protocol books was to retain and pass down technical knowledge so that next generations could replicate them. This was of utmost importance for a Confucian state and its efforts to adhere to the standards of ritual propriety. Chang, “Chosŏn wangsil ŭigwe,” 91–2.] 

Prototypes were indeed “boundary objects” that found different uses by different actors; and we will revisit the question of ownership at the end of this chapter. What concerns us here, however, is the incipient nature of kyŏnyang—i.e., before it is stabilized as functions of control and punishment. That is, at moments of birth, initial development, and revision (rebirth), could prototypes—as the word in English suggest—figure also as a mode of innovation, that is, to test and assimilate new ideas? The answer is yes, and the example of the abridged armilla (kanŭi 簡儀) shows this other side: kyŏnyang as an epistemic tool for innovation.
Remarkable for its convenience and accuracy, the abridged armilla was a novel instrument devised by Chinese astronomer Guo Shoujing (郭守敬, 1231–1316). In Korea, the instrument was transmitted in the early 15th century and via astronomical texts. This meant that its production—as would be the case with Jesuit instruments that occupied Ch’oe Ch’ŏnyak three centuries later—required the collaboration of a number of different experts (e.g., artisans, astronomers, and supervising officials with experience). In 15th century Chosŏn, the individuals that rose to the occasion included director Yi Ch’ŏn of the Government Arsenal and scholar-astronomer Yi Sunji (李純之, 1406–1465). Importantly for us, however, the task of materializing the armilla went to artisan-turned-official Chang Yŏngsil (蔣英實, c.1390–1450).[footnoteRef:274] [274:  	Sejong sillok, 1433/9/16#3: 行司直蔣英實, 其父本大元 蘇杭州人, 母妓也. 巧性過人, 太宗護之, 予亦恤之. 壬寅癸卯年間, 欲差尙衣院別坐; 1438/1/7: 欽敬閣成. 大護軍蔣英實經營之, 其規模制度之妙, 皆出睿裁, 閣在景福宮燕寢之傍…我主上殿下命攸司制諸儀象, 若大小簡儀, 渾儀, 渾象, 仰釜日晷, 日星定時, 圭表, 禁漏等器, 皆極精巧.] 

Chang was a hands-on practitioner, and he prototyped the armilla as a means to test the reliability of its knowledge and determine specifications for a working system. His kyŏnyang was made first in reduced scale (soyang 小樣) as well as in the form of a wooden model (mokyang 木樣).[footnoteRef:275] These prototypes were not just trials to materialize the concept of the armilla (from the drawings and descriptions found in an astronomical text), or to create wooden patterns for casting. Instead, they served the primary purpose of “fixing the latitutude (Pukkŭk ch'ulji 北極出地) [of Seoul] as 38 degrees.”[footnoteRef:276] To wit, Chang mocked up a miniature wooden armilla to adapt the Chinese design for Korean use. As can be expected of an astronomical instrument, the process then made necessary some recalibrations with local coordinates, and hence the mention of Seoul’s altitude. During this prototyping, which likely had multiple stages, we can surmise that astronomer Yi too intervened with his own knowledge and offered necessary adjustments from the user’s perspective; the resulting changes then would feed back into new prototypes through the very mode of kyŏnyang. After this, the armilla was cast in bronze and made to stand in the palace compounds (Figure 17). This armilla was in fact one among many clocks, sundials, and mechanisms that Chang made in a similar fashion and delivered for the royal observatory. [275:  	Sejong sillok, 1437/4/15#3: 今上十六年秋, 命李蕆, 鄭招, 鄭麟趾等, 作小樣簡儀, 雖由古制, 實出新規. 趺以精銅, 緣以水渠, 以定準平, 子午斯位. 赤道一環, 面分周天度分, 東西運轉, 以測七政, 中外官入宿度分. 百刻環在赤道環內, 面分十二時百刻, 晝以知日晷, 夜以定中星. 四游環持窺衡, 東西運轉, 南北低昻, 以待窺測. 乃樹以柱, 以貫三環. 斜倚之, 則四游準北極, 赤道準天腹. 直竪之, 則四維爲立運, 百刻爲陰緯…於是臣鄭招, 臣鄭麟趾掌稽古制, 中樞院使臣李蕆掌督工役, 先製木樣, 以定北極出地三十八度, 少與元史所測合符, 遂鑄銅爲儀.]  [276:  	Ibid., 1437/04/15#3.] 

This show that kyŏnyang could function as a means to assimilate new knowledge as well as perpetuate old ones. The dichotomy between the two, in fact, is not useful when we consider that new ideas, once established, are reinforced and replicated through conservative means: if say the court wanted to distribute the armilla, how else could they enforce that than by deploying the same techniques of control applied to royal clothing and ritual vessels? Innovation and tradition were two sides of the same coin.
This insight has escaped Korean craft historians because the field has confined “craft” to beautiful royal objects such as ceremonial dresses, ritual vessels, seals, and the like. Surely, these artifacts were not impermeable to change: as we have seen in Chapter 2, subtle differences were introduced by Ch’oe Ch’ŏnyak. Still, it stands to reason that they were heavily monitored by the court for their ideological symbolism, and as such, the stories spun from them tended to emphasize kyŏnyang as not so much prototyping as “archetyping”—i.e., attempts to accord with 
the classical precedents.
The key to move forward, then, is to continue de-centering the definition of craft as art and shift the field—as David Edgerton says—away from its “historically familiar surroundings.”[footnoteRef:277] In this spirit, the next section turns to a place where historians of craft have not looked, the early Chosŏn arsenal, in order to further document the nature of kyŏnyang. [277:  	David Edgerton, as cited in Giacomo Macola, The Gun in Central Africa: A History of Technology and Politics (Athens, OH: Ohio University Press, 2016).] 



[bookmark: _Ref37149681][bookmark: _Toc37456627]Figure 17. Abridged Armilla. First made in 1434 by Chang Yŏngsil and others, the instrument was destroyed during the East Asian War of 1592–1598. Shown is a modern reproduction at the Korea Astronomy and Space Science Institute.

[bookmark: _Toc37461035]Targeting at the Government Arsenal

The practice of kyŏnyang was prevalent in premodern Korea, but the Government Arsenal put it to vigorous practice. The arsenal’s modus operandi was to use prototypes for every manufacturing run, especially for new artifacts that were not yet widespread. These activities have left us with a relative wealth of sources for its times (Table 11), and they present us with a rare opportunity to observe kyŏnyang in action. In what follows, I set out to investigate the nature of Korean prototyping as an epistemic practice in the early Chosŏn. Three characteristics will be explored respectively: 1) the “packaging” of knowledge for transit, 2) the use of multivalent, overlapping forms of representation, and 3) empiricist impulses for testing and experimentation.
Court annals about kyŏnyang had often to do with movement. Typically, when the need arose to convey knowledge from one workshop to another—say, from the arsenal down to its satellite works, the event escaped the realm of internal affairs at the manufactory and entered the purview of official historiography—and hence, our sources. In concrete terms, such movement occurred when the Chosŏn court decided to try out a new craft idea: kings and officials would task the arsenal with a particular artifact, whereupon the arsenal would first prototype at the mother workshop and then distribute the resulting kyŏnyang to the provinces. I compiled a list of kyŏnyang-identified practices that captures these episodes of movement over a long span (Table 11). In most cases, the sources are frustratingly terse, leaving no traces of the embodied practices of kyŏnyang.[footnoteRef:278] But depending on the artifact—such as body armor in the 15th century, we can tell a story about how artisans grappled with the problem of conserving knowledge across long distances. [278:  	For example, in 1451, when the arsenal sought to standardize its sword-making, the sources report the numerical specifications decided at the time, but nothing about the embodied practices of artisanal prototyping that underlay the decision. Munjong sillok, 1451/2/25#2: 自今軍器監造環刀, 長一尺七寸三分, 廣七分, 又長一尺六寸, 廣七分, 以爲恒式.] 

As early as 1414, the arsenal prototyped plated mail armor (kyŏngbŏn'gap 鏡幡甲; Figure 18) after the Chinese style and distributed associated kyŏnyang to the regional works. We do not know whether these prototypes meant more than just physical samples—that is, drawings, writings, and numerical specifications. But clearly, the artisans handled a new and foreign artifact to “target” and distribute.[footnoteRef:279] At any rate, by 1463, we learn that armorers embarked on a more systematic venture to relay knowledge across the dynasty. These artisans were commissioned to prototype leather and iron plate armors (p'ich'ŏlgap 皮鐵甲)—and in a way that anticipated modern practices of clothes-making: kyŏnyang was made in three sizes: large, medium, and small. [279:  	Apparently, officials at the arsenal did not supervise the process directly, and four—including Ch’oe Haesan—were dismissed. This means, conversely, that prototyping was entrusted entirely to the artisans. The king emphasized the importance of crafting precise kyŏnyang and tasked the arsenal again with other armor designs T’aejong sillok, 1414/11/4#1: 罷軍器副正崔海山, 判官梁淮, 直長孫君達, 錄事尹謹職. 初, 命海山監造中國鏡幡甲, 將以分送各道, 海山不自監造故也. 本監曾以豆豆味甲八部, 別鐵甲三部爲月課, 命止之, 命作鏁子甲三部. 且命兵曹曰: "各道月課甲, 依曾送見樣, 堅緻造作, 其中不如法者罪之." 上曰: "以皮貫甲經數年則斷絶, 又令修補, 其弊無窮. 且催納鹿皮, 其數不少. 予思之, 以鐵貫之則不朽而堅, 弊隨除矣." 上又曰: "今冬至各道所進鐵甲, 尙用皮編貫, 實爲不當. 自後方物亦從見樣造進”.] 

[bookmark: _Ref37177895][bookmark: _Toc37456285]Table 11. Kyŏnyang-identified Activities at the Government Arsenal, 1414–1528.
	Year
	Event
	Evidence

	1414
	A Chinese mortar gun was prototyped under Ch’oe Haesan’s leadership in three sizes—large, medium, and small—and successfully test-fired in front of the king.
	Kun'gisi Hwayakko Ki 
(See footnote 75)

	1414
	Chinese-style plated mail (鏡幡甲) and other armor prototypes were sent to the provinces for replication (送見樣/見樣造進).
	T’aejong sillok, 1414/11/4#1

	1435
	Cannon, arrows, and shields were sent to the northern border (兩界). The first two were made at the arsenal and distributed. As for shields, only the prototype was sent (只送見樣) and the local workshops were ordered to replication from it (令各官造之). 
	Sejong sillok, 1435/4/8#3

	1435
	Artisans were sent down to the northern provinces to make long arrows, short arrows, and rocket arrows according to the arsenal’s prototypes (依樣製造).
	Sejong sillok, 1435/4/13#3

	1437
	Specifications (大小長短體制) for rocket arrows were revised (修改) in P’yŏngyang to improve accuracy. Other weapons such as “fire-barrel cases” (火㷁筒兒), propellant arrows, armor, bow and arrow, flags were also revised. These designs were prototyped at the arsenal and sent to the provinces for replication (見此體制造之).
	Sejong sillok, 1437/5/29#2

	1448
	New designs of rocket arrows (銃筒箭樣) were prototyped and sent down to the provinces for replication (依倣製造).
	Sejong sillok, 14484/17#1

	1448
	Records on Gunpowder Weaponry (銃筒謄錄) was sent to the provincial governors with the following explanation: “[this book] can set the new standard of manufacture for posterity (制作之程式), and in order this to be transmitted forever, [I had] the shapes (形體) of [the weapons] drawn in and their numerical specifications (尺寸) written down.
	Sejong sillok, 1448/9/13#2

	1448

	Specifications (製造規式) for rocket arrows were written down to facilitate transfer of duties between managers (新舊交代, 解由傳掌), and kept as reference (置簿) at the arsenal and the various regional workshops (各營鎭沿邊州縣各浦). Also, new regulations were set for coordinating regional production. Prototypes were sent down to each local commandery for replication (依樣製造), where artisans worked under daily production quotas (工匠日課) and reported monthly to the provincial governors (每月季報監司). The governors then reported to the central government every three months (監司每三月計數啓聞), and at the end of each year, the arsenal dispatched managers for inspections (點檢). Production managers were no longer dispatched during the production process (勿令監鍊官監造), presumably due to the sufficiency of the newly set specifications.
	Sejong sillok, 1448/12/6#1

	1450
	Armor prototypes were made according to a Chinese design (依中朝制度造之) and distributed to the provinces for further replication (使爲摸樣而造).
	Munjong sillok, 1450/11/12#2

	1450
	Production managers were sent to each province to set up work sites and replicate armor, bow and arrow, quiver, and scabbard (羅韜) according to the prototypes sent from the arsenal (依京中所送模樣).
	Munjong sillok, 1450/11/15#3


	1451
	Production managers were sent to all provinces except Kyŏnggi to set up works (定都會所), repair equipment (修補), and supervise making of new armor, bows and arrows according to prototypes sent from the arsenal (依京中所送兵器模樣). Also, a scale armor (葉兒甲) submitted from Hamgyŏng province was poorly made, so a prototype was sent from the arsenal to serve as basis for replication (使爲模樣).
	Munjong sillok, 1451/6/26#9

	1451
	The court discussed how to standardize sword making at the arsenal and decided specifications.
	Munjong sillok, 1451/2/25#2

	1462
	A new armor design (新甲) was prototyped (令依樣造作), and worn to test for convenience (着之, 以試便否) before sending it down to the provinces along with production managers.
	Sejo sillok, 1462/8/3#1

	1463
	Leather and iron plate armors (新樣皮鐵甲) prototyped in three sizes—large, medium, and small—and sent to the regional workshops. The prototypes went to the chief commanders in the various provinces (諸道都節制使營) who produced a second batch of prototypes and allocated them to their local garrisons (分送巨鎭). The commanders used their own prototypes to inspect whether magistrates and military men at the garrisons (守令及巨鎭將) were producing accordingly.
	Sejo sillok, 1463/1/5#2

	1479
	An iron plated armor (鐵甲) with mails (札) that were two palm-widths was fired at 50 steps by an expert archer to test for robustness (驗堅牢). It was not penetrated and the arsenal used it as prototype to make more (依樣造甲).
	Sŏngjong sillok, 1477/10/29#4

	1490
	Prototypes of crossbows (弓弩), bolt-cases (筒兒), short arrows (片箭), and bullet molds (樣子) were sent down to the Left Chŏlla Naval Commander. After experimentation, molds, specifications (制度) and drawings (圖形) were relayed to the Left Kyŏngsang Naval Commander.
	Sŏngjong sillok, 1490/4/6#6

	1512
	A Chinese armor that was convenient for shooting arrows (唐製, 甚便於射) was prototyped at the arsenal (令軍器寺, 打造見樣) and sent to Pyŏngyang for replication (依此樣打造).
	Chungjong sillok, 1512/6/3#2

	1528
	A Chinese armor (唐甲) stored at the arsenal was convenient and light (輕便), so it was loaned to Pyŏngyang (持去本道) for replication and returned (見樣造作後, 還爲上送).
	Chungjong sillok, 1528/10/3#2




[bookmark: _Ref37426996][bookmark: _Toc37456628]
Figure 18. Drawing of Plated Mail Armor. National Archives of Korea, Seoul, South Korea. In The Illustrated Rubrics for the Five Rites (Kukcho Oryeŭi 國朝五禮儀).


Armed with these prototypes, the armorers then practiced a fractal model of prototyping that relayed knowledge in a new way. Namely, the artisans distributed kyŏnyang first to the chief commanders in the provinces, and in these provinces, their counterparts repeated this process and crafted a second batch of prototypes for the said commanders. The resulting kyŏnyang was then distributed to the various local counties and garrisons under each province, whereupon the artisans working in each locale then strove to materialize the incoming knowledge with their own tools.[footnoteRef:280] [280:  	Sejo sillok, 1463/1/5#2: 請送新樣皮鐵甲大中小葉兒于諸道都節制使營, 依樣造作, 分送巨鎭, 令諸邑守令檢察造作, 送巨鎭着標, 違者當身科罪, 幷論所居邑守令及巨鎭將. For more, see Pak Kayŏng 박가영, “Chosŏn sidae kapchu ŭi chejo 조선시대 갑주의 제조 [Manufacture of Armor in the Chosŏn period],” Yukkun Pangmulgwan Hagyeji 12 (2005), 190–1.] 

This fractal model was masterminded by the court (or more likely the production managers at the arsenal), but it was the artisans who animated it from beginning to end. At every production that transpired, and behind each letter and royal order that trafficked between shops, artisans handled the prototypes personally and brought them to life. They extracted—through bodily labor—the knowledge embedded in prototypes. Their skillful practices also turned drawings into models, models into products, and allowed pieces of craft knowledge to emerge in far-flung workshops with a measure of uniformity.
The Korean artisan’s art of kyŏnyang was, then, one of “packaging” knowledge for transit. This is an epistemic practice that relates to the question in the historiography of science about how knowledge becomes stable, universal, and “scientific” across boundaries. It is precocious that Chosŏn craftspeople grappled with it as early as the 15th century. But how was it managed in a preindustrial world before the rise of jigs, standardization, and precision metal tools?
This brings us to the second point: the multivalent nature of kyŏnyang. As noted above, kyŏnyang was a fluid system of varying, overlapping forms that combined images, words, and material objects. I argue that this fluidity allowed Korean artisans to move knowledge with relative uniformity and devise a system of knowing that created self-correcting resonances within itself. To appreciate this, let us turn next to the example of the crossbow, an artifact around which rare details have survived.[footnoteRef:281] [281:  	By way of background, military crossbows were never widespread in Chosŏn despite that the technology was mastered by previous dynasties and goes back to at least the 7th century. Yi Chunsŏng 이준성, “Sŏyang, Chungguk, Han’guk esŏ soenoe ŭi yŏksa wa chŏnsuljŏk unyong koch’al 서양, 중국, 한국에서 쇠뇌의 역사와 전술적 운용 고찰 [The History and Tactical Uses of Crossbows in the West, China, and Korea],” Kunsa yŏn’gu 137 (2014).] 

In 1490, artisans at the arsenal prototyped a new crossbow and relayed it to two different regional workshops. Remarkably, the occasion has furnished us with specific details on the different kyŏnyang used—and the interactions that should emerge amongst them. Consider in full the letter sent by King Sŏngjong (成宗, r. 1469–1495) to the Left Chŏlla Naval Commander (Sugun chŏldosa 水軍節度使).
I am sending the following prototypes (yangja 樣子)—two sets of crossbows and bolt-cases, twelve bolts, and a bullet mould. After replicating and testing (sihŏm 試驗) them, send the prototypes, as well as the associated specifications (chedo 制度) and drawings (tohyŏng 圖形) down to the Left Kyŏngsang Naval Commander, conveying my word to test there as well.

Make the bolt-cases to hold either three or four bolts. Mount the lath (kung 弓) on the lower back part [of the stock] that is concave, and install the bowstring (hyŏn 弦) on the pins (kich’ŏl 岐鐵) on top. Behind the pins are the catch (panghwan 方環), roller nut (yuch’ŏl 游鐵), and the hook (kuhyŏn 鉤弦): the nut is used to sustain the other two, as to keep them from escaping the string. Behind the pins, the wood is protruding up slightly as to hold the catch and to prevent the nut from receding. There are three sets of holes for the pins and this accommodates different placements of the lath, which bends more when its length is great, and less when small. The single lath design is so that it can fold in the center. This is more portable, and also can fit through a hole (“window”) bored through shields and ships, so that upon encountering the enemy, it can be fired [behind them] by releasing the catch and the nut, and letting the bolt go.[footnoteRef:282] [282:  	Sŏngjong sillok, 1490/4/6#6: 今送弓弩筒兒各二件, 片箭十二介及弓弩發射小孔樣子, 其依樣造作試驗後, 其樣子及制度, 圖形送于慶尙左道水軍節度使, 亦令試驗. 其制筒兒, 或受三矢, 或受二矢, 下端後面凹處受弓, 上端岐鐵受弦, 岐鐵後端, 有方環, 游鐵, 鉤弦, 後用游鐵, 支鉤弦, 岐鐵, 欲其不吐弦也. 岐鐵受處後端, 有木稍凸, 以拒方環, 欲使游鐵不退却也. 岐鐵受覈有三處, 弓長則彎深, 弓短則彎淺, 欲隨弓之長短, 臨時前後也. 一弓中折, 欲其便於佩持也. 或防牌或船窓作穴, 將筒兒末端納穴中, 臨敵則開却方環, 游鐵以發矢.] 

As shown, the fractal model of prototyping was in practice and not just for armor: the kyŏnyang package was delivered to Left Chŏlla Naval Commander, and again to Left Kyŏngsang Naval Commander. For our purposes, however, this letter shares a rare glimpse into how said model might actually have worked—i.e., by deploying a wide range of kyŏnyang practices simultaneously.
	The kyŏnyang used were wide-ranging. As shown, there were models made with actual dimensions to be replicated, such as the two sets of crossbows and bolt-cases, as well as bolts and the bullet mould. These were then accompanied by technical drawings and numerical specifications for each, capturing the same knowledge yet in a different form. Finally, there was also technical writing, probably prepared by the scholars who supervised the workshop, if not by senior artisans holding sinecure posts.[footnoteRef:283] [283:  	For more on senior artisans holding sinecure posts, see Kim, “Chosŏn ch’ogi Kun’gigam ŭi mugi,” 74.] 

	Importantly, this holistic system created resonances within itself that helped preserve the integrity of the knowledge being conveyed. Reading between the lines shows that the different forms of kyŏnyang interlocked with each other. Namely, there were two crossbows, one for firing bullets and another for bolts. If say, artisans began with the former, we can imagine that they casted bullets out of the bullet mould, and then used the resulting ammunition to test “fitness” with the matching crossbow—whether the original model or its replica—for a working system. The manufacture of the crossbow itself depended not just on the model, but also drawings and numerical specifications, as well as the detailed technical writing. The same went for the other crossbow using bolts, and eventually, the two types could be juxtaposed in an overall performance view (comparative shooting trial).[footnoteRef:284] [284:  	These experimentations were no joke: armor prototypes, for instance, were worn to evaluate their level of convenience, and riddled with arrows to confirm their reliability. See records for 1462 and 1479 in Table 11. Also see “Chosŏn sidae kapchu,” 191. In another example, a shooting trail in 1425 tested the penetration of gunpowder weapons and bows, using 300 armored targets (p'igapchu ch'oin 被甲冑草人) at varying distances. Sejong sillok, 1425/11/27#1: 幸東郊, 世子扈從, 次于箭串川邊, 觀放砲. 先期, 軍器監以被甲冑草人三百, 立於幄西百五十步, 先使藥匠放砲, 次命大護軍權復, 護軍金允壽等六人射之, 以驗其砲射貫甲深淺. 又使軍器監分往廣州 城山, 都城白岳放信砲, 以驗砲聲之遠近. Also see Jeon Sangwoon, Science and Technology in Korea, 190–1.] 

	But to animate this self-regulating system of knowledge, a third element was required: empiricism. As the letter above emphasized repeatedly, the kyŏnyang package was a toolkit for trial and error, one that was up to the recipients to open and manipulate. It is scant wonder then that even something as intuitive and fail-poof as bullet molds was expected to be tested with locally available materials and hands; and that this process should happen each time prototypes left one workshop and entered another. Experimentation, in other words, was a usual procedure in the movement of artisanal knowledge in Chosŏn.
	The spirit of empiricism was indeed inherent to the culture of kyŏnyang. As examined in Chapter 1, cannon makers repeated trial after trial to recalibrate their artifacts during the ordnance research of the 1440s. Now, with the understanding of kyŏnyang practices, we can see that their efforts were in fact embodied practices of prototyping. For one, the use of the unit of ri (0.3 mm) shows the heightened concern by artisans with numerical specifications: while creating prototypes over several years—as the cannon makers did, they needed to keep track of kyŏnyang with increasingly smaller variations, and hence, the pursuit of minute differences. Also, as is characteristic of Korean prototyping, cannon makers availed themselves of other forms of kyŏnyang—i.e., drawings, models, and moulds, and etc. This created overlapping knowledge-objects that resonated with each other.
	Finally, the culmination of their work—Records on Gunpowder Weaponry—emerges anew as a repository of kyŏnyang. In 1448, when King Sejong penned a letter to promote the newly minted treatise, he hinted as follows.
[The book] can set a new standard of manufacture for posterity (chejak chi chŏngsik 制作之程式). In order for this standard to be transmitted, [I had] the shapes (hyŏngch'e 形體) of weapons drawn in and their numerical specifications (ch'ŏkch'on 尺寸) written down.[footnoteRef:285] [285:  	Sejong sillok, 1448/9/13#2: 可爲後來制作之程式, 故圖其形體, 書其尺寸, 以傳永世.] 


As noted, the various prototypes used in research were now “prototyped” once again in the form of a technical manual replete with drawings and specifications. 
	The manual’s contents evince the rigor of artisanal empiricism in early Chosŏn.[footnoteRef:286] As shown in Figure 19—an example of a mortar gun (ch’ongt’ong wan’gu 銃筒碗口), cannon makers expressed artifacts in an exploded-view drawing and took care to label each part and specify corresponding measurements separately on the side. Moreover, they left basic specifications that were so thorough as to measure every major part of the artifact, its height, depth, and width, as well as the inner and outer bore diameter, where appropriate. [286:  	The book, alas, is no longer extant, but thankfully, some of its contents have survived in the Illustrated Rubrics for the Five Rites (Kukcho Oryeŭi 國朝五禮儀) and its variants.] 

	These fraught examples of kyŏnyang-making show a distinct artisanal epistemology that emerged in the military workshops of the early Chosŏn—an epistemology that was characterized by a spirit of empiricism, a deep concern with packaging knowledge for transit, as well as the use of varying, overlapping knowledge-objects.

[bookmark: _Ref37165935][bookmark: _Toc37456629]Figure 19. Drawing of a Mortar Gun. National Library of Korea, Seoul, South Korea. In Preface to the Illustrated Rubrics for the Five Rites (Kukcho Oryeŭi Sŏrye 國朝五禮儀序例). At the top right is a mortar gun expressed in an exploded view with each part labelled and measurements given separately on the side.

[bookmark: _Toc37461036]From Abject to Agent: The Artisan-Innovator

From armor design to ordnance research, artisans at the arsenal proved exceptionally productive through their practices of kyŏnyang. Still, one may rebut—as craft historians would—that the Korean practice of prototyping was continuously hijacked by their superiors and distorted as a means to control them. To wit, Chosŏn artisans, it could be argued, had no room to realize the inherent promises of their epistemologies. Rather than reverting to the dichotomy of innovation and tradition, this brings up the important question of ownership, which we have not addressed squarely so far. Was the artisan’s knowledge-making always subservient to the agendas set by the court and their scholar-superiors? Or did they wield rightful authority over their own practices and win the recognition of their superiors?
These are vexing questions for the historian because so far, there has not been a single piece of writing attributed to Chosŏn artisans. This final section, however, uses newly uncovered sources to reconstruct glimpses of artisanal agency. Contrary to the trope of the abject and uncreative Korean artisan, exceptional individuals did rise to exercise “ownership,” and they would even leave behind their own kyŏnyang that broadened up into the dynasty’s weapons system rather than the other way around.
The first story is fragmentary, and we know much less about the artisan than his invention: the world’s first time bomb. Sometime before 1592, when the Japanese invaded Korea and set off the East Asian War, cannon maker Yi Changson (李長孫, n.d.) had devised the “flying heaven-shattering bomb” (Pigyŏk Chinch'ŏlloe 飛擊震天雷) while working at the arsenal.[footnoteRef:287] Made from cast iron and filled with shrapnel, Yi’s device was fired from a mortar gun (like the one examined above) to travel a few hundred paces out and then detonate at a specified time after impact. This was an innovation that changed the operational capacity of gunpowder bombs altogether: as early as 1962, Japanese historian Arima Seiho noted, “this very delicate device, if it indeed was invented by a Korean, would constitute epoch-making progress in the technique of explosive manufacturing.”[footnoteRef:288] [287:  	Although not from the perspective of the artisan, historians have Korea have long emphasized Yi Changson (李長孫, n.d.)’s time bomb as a milestone in the history of Korean arms. For relevant discussions in the Korean language, see Pak Chaegwang 박재광, Hwayŏm Chosŏn: chŏnt’ong pimil pyŏnggi ŭi kwahakchŏk chaebalgyŏn 화염조선: 전통 비밀병기의 과학적 재발견 [Fire Chosŏn: A Scientific Rediscovery of Traditional Secret Weapons] (Kyŏnggi-do, P’aju-si: Kŭl Hangari, 2009), 122–41; Kang Sinyŏp 강신엽, Chosŏn ŭi mugi 조선의 무기 [Weapons of the Chosŏn Dynasty] (Pongmyŏng, 2004.), v.1, 33–5, v.2, 70–6; Min Sŭnggi 민승기, Chosŏn ŭi mugi wa kabot 조선의 무기와 갑옷 [Arms and Armor of Chosŏn] (Karam Kihoek, 2004), 272–5; Yi Kangch’il 이강칠, Hanʾguk ŭi hwap’o: chihwasik esŏ hwasŭngsik ŭro 한국의 화포: 지화식에서 화승식으로 [Korean Firearms: From Manual to Match Ignition] (Tongjae, 2004), 56–7; Hŏ, Chosŏn sidae hwayak. In English, Jeon Sangwoon mentions the time bomb but does not explain its actual uses or implications. Jeon, Science and Technology in Korea, 190–1. All of the works above mention Yi’s device briefly and with a very limited set of sources.]  [288:  	Arima Seiho 有馬成甫, Kahō no kigen to sono denryū 火砲の起原とその傳流 [Origins and Transmission of Firearms] (Tokyo: Yoshikawa Kōbunkan, 1962), 302. Also see Jeon, Science and Technology in Korea, 202.] 

[bookmark: _Ref38556824]Surely, the concept of gunpowder bombs is not new. It goes back to the 12th century, when the Jurchen Jin (1115–1234) hauled “heaven-shattering bombs” against their Southern Song (1127–1279) enemies, and the Yuan Mongols who crushed them both then brought the same bombs to war with the Japanese by 1274. All of these predecessors, however, had to be thrown by hand or catapult—and in most cases were made in porcelain or stone. By the late 16th century, gunpowder bombs in Ming China began to be fired from gun barrels, but their fuse system (木信, C: muxin) was still crude and prone to explode at the moment of fire or before the bomb landed in the intended destination.[footnoteRef:289] [289:  	Yu, Sŏae chip, 481a: 今以天兵遺下子炮觀之, 用藥線自內垂下一端於外, 使之燃火, 若燃早則在母炮炸裂, 燃遲則在空中閃風而滅, 黑夜中心手忙慌, 點火發放, 似難適宜.] 

[bookmark: _Ref38556826]What distinguished Yi’s bomb, however, was that it was robust enough to be launched from a mortar and not explode immediately or during its flight.[footnoteRef:290] Namely, the most ingenious part about Yi’s horrifying war machine—and what earns itself the title of time bomb—was its sophisticated fuse system: installed into the inner chambers was a wooden piece (mokkok 木谷) carved in the shape of a screw and wound with a match fuse to set the desired time of detonation—10 wrappings for prompt explosion, and 15 for a delayed effect (Figure 20).[footnoteRef:291] [290:  	Ibid. Also see Pak, Hwayŏm Chosŏn, 122–41.]  [291:  	For more descriptions and manufacturing details, see Yu, Sŏae chip, 481a: 今更以我國震天䨓之制, 參商增損, 使子砲腹稍大而中置斜刻木信,  以火線纏之, 至底而拖出少[缺一字]籠以竹筩, 令與甁藥相擊, 外口用鐵葉閉之, 中穿小穴, 以通火線於外, 而鐵葉外用土堅實之, 至砲口而止, 其外以紙糊之, 預爲藏藥多多爲善, 臨時用之無竆, 制勝之具, 無過於此, 覽者詳之. Also see Yi Sŏ 李曙, Hwap’osik ŏnhae 火砲式諺解 [Vernacular Annotations on the Firearms Manual] (Haeju: Hwanghae Pyŏngyŏng, 1685 [first published in 1635]), National Library of Korea, han kocho 77-8, 17–24. The only Chinese source that mentions a fuse in the shape of the screw is in He Liangchen (何良臣, 1368–1644), Zhen ji 陣紀 [On Battle Arrays] (Beijing: Beijing Ai ru sheng shu zi hua ji shu yan jiu zhong xin, 2009). This is a later record, however, and we cannot rule out the possibility of Korean influence during the war when techniques were exchanged.] 

	For our purposes, it is noteworthy that an individual artisan’s design became absorbed into the dynasty’s weapons system. Sometime before 1592, Yi’s time bomb was recognized by his authorities and prototyped across the peninsula. We know this because by the outset of war, the Korean arsenal already had these bombs in storage,[footnoteRef:292] and even the provincial troops in Kyŏngju—the southwestern corner of the peninsula—would use them to catastrophic effect. A horrific scene is recorded in both Japanese and Korean accounts where Yi’s devices were fired into the Japanese ranks at night in Kyŏngju: just as unsuspecting soldiers gathered around in curiosity, the bombs exploded, sending shrapnel in all directions. Apparently, the Japanese besiegers of the Korean fortress retreated by the next morning.[footnoteRef:293] [292:  	Yu, Sŏae chip, ki choch'ong chejosa 記鳥銃製造事: 軍器寺元有天地玄黃字大砲.又以次漸殺.至盈吳字小砲.又有金墀所製勝字大中小三樣銃.又有震天雷等砲.而亂後散失殆盡; Ibid.]  [293:  	Sŏnjo sillok, 1592/9/1#9: 朴晋復慶州. 晋旣敗, 復集兵, 屯安康縣, 夜潛兵復進, 從城外發飛擊震天雷, 入城中墮於陣內. 賊不曉其制, 爭聚觀之, 相與推轉揣摸, 俄而砲自中發, 聲震天地, 鐵片星碎, 中仆卽斃者二十餘人, 一陣眩倒, 莫不驚懼以爲神. 明日遂棄城, 遁歸西生浦; Yu, Sŏae chip, 480c–d: 壬辰, 倭賊入據慶州城, 兵使朴晉率軍攻之, 敗還, 翌日夜, 用震天䨓於城外二里餘, 賊初聞砲聲起, 驚惶莫測, 忽有物大如鐵釜, 飛墮於賊將所在客舍庭中, 賊衆皆會, 以火燭之, 更相推轉, 俄而炮發, 聲震天地, 賊中死者三十餘, 其未中者, 亦皆驚仆失魂, 明朝遂率軍空城而走, 慶州遂復, 是一炮之力, 賢於數千師矣. Also see Yi Ik 李瀷, Sŏngho sasŏl 星湖僿說 [Yi Ik’s Discourses on the Minute], edited by Minjok Munhwa Ch’ujinhoe 민족문화추진회 (Minjok Munhwa Ch’ujinhoe, 1976–1978 [originally 1761]), f.23, Kyŏngsamun 經史門, Yujŏng tongjŏng 劉綎東征: 射入城中, 倭争聚推轉而諦觀之, 砲自中發聲, 銕片星碎, 中死者三十餘人, 以此取勝此, 皆未必信; Chŏng Hangnyŏng 鄭恒齡, Sanghun chipp’yŏn 常訓輯編 [Collection of Lessons for the Royal Prince] (n.p., 1757), Toyo Bunko Collection, Ⅶ-2-113, Ch'igyungjŏng 飭戎政: 宣祖大王二十五年[壬辰], 慶尙道兵馬節度使朴晉復慶州晉屯安康縣, 夜潛, 兵從城外發飛擊震天雷入城中, 墜於陣內, 賊不曉其制, 爭聚觀之, 相與推轉揣摸俄, 而砲自中發, 聲震天地, 鐵片星碎, 中仆卽斃者二十餘人, 一陣眩倒, 莫不驚懼, 以爲神明, 日遂, 棄城遁歸.] 

What is even more remarkable, however, is that many scholars in Chosŏn would then remember this feat and attribute it squarely to Yi Changson’s ingenuity. That is, in various literati writings, encyclopedias, and even primers for royal princes, we find that the artisan is noted for having “invented” (ch’angch’ul 創出) the time bomb—a “design that had not existed before” (komu kije 古無其制).[footnoteRef:294] Surely, some speculated later that the Korean artisan was working off of an existing (Chinese) design—or as they put it, “constructing it according to kyŏnyang” (ŭiyang chosŏng 依樣造成).[footnoteRef:295] Yet, as demonstrated by the distinctive fuse system, Yi’s machine was an innovation in its own right and one that transcended any available models. In fact, State Councilor Yu Sŏngnyong (柳成龍, 1542–1607) even had the chance to juxtapose Yi’s [294:  	There are too many sources to list exhaustively, but notable examples include Sŏnjo sillok, 1592/9/1#9: 飛擊震天雷, 古無其制, 火砲匠李長孫者創出. 取震天雷, 以大碗砲口發之, 能飛至五, 六百步墜地, 良久火自內發, 最好陷陣, 而後無用之者; Yi, Sŏngho sasŏl, f.23, Kyŏngsamun 經史門, Yujŏng tongjŏng 劉綎東征: 我國朴晉, 永川之捷, 用震天雷, 軍器匠李長孫所創, 以銕菱銕片, 同引火之具, 装成圎球, 用大碗口, 載之投火, 而發之, 能飛五六百步; Chŏng, Sanghun chipp’yŏn, Ch'igyungjŏng 飭戎政: 飛擊震天雷, 古無其制, 火砲匠李長孫者創出, 取震天雷, 以大碗砲口發之, 能飛至五六百步, 墜地良久, 火自內發, 最好陷陣, 而後無用者. As late as the 1880s, officers at the Military Training Agency kept an illustrated notebook on military machines, and included Yi’s time bomb, its drawing (Figure 20), and details of manufacture. For more on this notebook, see Chapter 4.]  [295:  	Yi Kŭngik 李肯翊, Yŏllyŏsil kisul 燃藜室記述 [Narratives of Yi Kŭngik], trans. Minjok Munhwa Ch’ujinhoe 민족문화추진회 (Kyŏngin Munhwasa, 1977 [originally 1776]), Pyŏljip 別集 f.12 Chŏnggyo chŏn'gyo 政敎典故, Yungjang kun'gi戎裝軍器. Given that this was written in the late 18th century, the part about kyŏnyang was the author’s retrospective interpretation. Of course, it is plausible that Yi might have had some kind of reference to begin his design—perhaps a drawing in a Chinese text, or a written description of the concept somewhere. Also, it cannot be ruled out that a manager or scholar-official affiliated with the arsenal might have provided him with such a reference. If so, one candidate could be the Huolong shenqi zhenfa (火龍神器陣法, 1377), which had depictions and descriptions of gunpowder bombs.] 



[bookmark: _Ref37427148][bookmark: _Toc37456630]Figure 20. Drawing of a Time Bomb. Toyo Bunko Collection, Tokyo, Japan. In Essentials of Military Affairs (Yungwŏn p'ilbi 戎垣必備, 1813). This drawing is an “especially large” version of Yi Changson’s invention. The screw fuse is depicted in the bottom right corner. 

work with its Chinese counterparts (used by Ming troops during the war), and he concluded that the Korean design was indeed salient.[footnoteRef:296] [296:  	See footnotes 290 and 292.] 

From inception to production, Yi’s time bomb must have underwent various stages of prototyping, perhaps from the scholar’s initial sketches to models, and then to moulds, patterns, and castings that materialized the design in flesh, and finally—as was characteristic of the Korean culture of kyŏnyang—to many trials and errors that determined working specifications, as well as the repetition of this process in satellite workshops that received Yi’s design for replication. Unfortunately, the sources have not survived to illustrate this process for Yi, and we will likely never know how he presented his kyŏnyang or brought his superiors’ attention to its utility.
For this, however, we can turn to the story of his peer cannon maker Cho Ch’ŏnjong—the artisan we began with. Cho’s machines, fortunately, did not find horrific uses in warfare, but the artisan nonetheless left himself more prominently in the historical records by vigorously promoting himself vis-à-vis his scholar-patrons and the Chosŏn court.
Cho was active during the same war. In 1592, as the Japanese drove the Korean court out of Seoul and into a remote border town in Ŭiju, our artisan was apparently tasked by the court to apprentice with Chinese generals (tangjang 唐將) who had come to the Koreans’ rescue. The story goes then that he first learned how to make Ming firearms, and then tinkered to come up with various inventions of his own, including, namely, the Mujŏkt'an (“invincible bullet” 無敵彈), Hojillyŏ (“Tiger-jolting bomb” 虎震藜), and Chinch'ŏlloe (“heaven-shaking bomb” 震天雷).[footnoteRef:297] Sometime before 1607, Cho then had a chance to prototype these weapons at the Government Arsenal and the newly-established Military Training Agency, and won the recognition of authorities there. Apparently, however, his devices went no further than the prototyping stage because they were too costly to replicate in bulk and to educate soldiers to their use.[footnoteRef:298] [297:  	It is difficult to know what these devices were, but the latter two seem to be gunpowder bombs. This is interesting in light of Yi Changson’s time bomb which was invented and used around the same time. Yi, Kyoch’widang, Ch'ŏngyong mujŏkp'o so 請用無敵砲疏. ]  [298:   	Ibid.] 

After this, Cho’s career took a turn for the better, not least through his relationship with scholar-official Yi Hyŏn.[footnoteRef:299] We still know little about their relationship, but the scholar’s literati collection contains crucial information about Cho, especially in the memorial he submitted to recommend the artisan’s inventions (ch'ŏngyong mujŏkp'o so 請用無敵砲疏).[footnoteRef:300] In 1607, Yi opened the memorial with a recount of how they met: Cho had previously sought Yi’s approval by presenting him with technical drawings and numerical specifications of his inventions. The scholar-patron admitted that at first, he was not sure if Cho’s designs would work in the din of battle, but that the artisan had thereafter taken them to the arsenal and the Military Training Agency and tested them successfully. In the memorial, Yi then lamented that the artisan’s devices were not being put to use, and recommended them again for defending the northern border—a crucial matter for national security at the time.[footnoteRef:301] We do not know how the memorial was received, but the official would have demanded some attention.[footnoteRef:302] [299:  	It was not uncommon for artisans to seek help and patronage from their social superiors. The diaries of Yi Mun’gŏn (李文楗, 1495–1567), for instance, show that he petitioned on behalf of local artisans to protest unjust levies or to recommend them for promotion to the position of head artisan. A similar dynamic transpired between Cho and his patron Yi, but the latter was more influential. Yi, “Mukchae ilgi rŭl t'onghae pon chibang changindŭl.”]  [300:  	The official’s little-studied literati collection includes a few entries on Cho, including the drawing of his landmine (p'ajilloedo 破陣雷圖), supplementary details on improving this design (chŭnggamyuron 增減遺論), and importantly, the memorial he submitted on Cho’s behalf to recommend his inventions. Yi, Kyoch’widang, Ch'ŏngyong mujŏkp'o so 請用無敵砲疏.]  [301:  	Ibid.]  [302:  	Yi Hyŏn was a member of the royal family and once served a ministerial position at the Office of Proofreading Royal Genealogies (Chunwŏllok Kyojŏngch’ŏng 濬源錄校正廳). Ibid., P'ajilloedo 破陣雷圖 and Chŭnggamyuron 增減遺論.] 

It is scant wonder then that five years later, Cho was given an opportunity to demonstrate at court. On a cold winter day, the artisan installed his landmine in front of the Mohwa Reception Hall (Mohwagwan 慕華館) and boasted its firepower and automatic ignition using serrated wheels. Consider, for instance, the appraisal by the scholar-officials in attendance.
We gathered at the Mohwa Reception Hall and ordered Cho Ch’ŏnjong to test-fire his landmine. As the teethed metal wheels (aryunch'ŏl 牙輪鐵) rubbed against the flints, sparks erupted on their own and in an instant. The shrapnel bombs [beneath the ground] exploded in pieces, filling the air with a thick smokescreen and flames, and as the fiery upsurge reached the ground, the towering wagon stage (sandae 山臺; See Figure 21) [passing above it] was then incinerated up to about half its height.[footnoteRef:303] [303:  	Kwanghaegun Ilgi, 1612/11/12#3: (尹銑以)兵曹(言)啓曰: "今年春, (曺天宗, 在) 湖西造破陣砲, 而因本道狀啓, 使之上送. 前月初, 臣等適以季朔放火事, 會于慕華館, (令天宗)試放破陣砲, 則牙輪鐵與石相磨, 頃刻之間, 自能生火, 鐵砲片碎, 煙焰滿空, 火點着土, 延燒半山. 若於賊來之路, 多數埋置, 則大有益於勝敗之數. 且觀其製造鐵砲, 大如鍋子, 容入水鐵, 多不過百餘斤, 輪鐵所盛樻子, 不至重大, 合載一馬, 亦足致遠. 其造作工役, 不爲浩大, 齎持遠行, 亦甚輕便. 埋於賊路, 自觸生火, 我軍但於要害之處, 臨戰埋置而已. 使敵不由此路則已, 若由此路, 則雖千百之軍, 一砲可燒, 其利於戰用, 莫此爲妙. 近日諸般火砲, 各有利害, 而此砲則有利無害, 當急急製造. 其應入雜物, 令訓鍊都監一一備給, 使喚, 軍人, 自曹定給. 且火砲匠中, 擇伶俐者一二名, 屬于匠手 曺天宗 , 使得傳習製造之妙. 天宗以外方之人, 裹糧留京極難, 料布爲先題給. 旣成之後, 再三試放, 詳察其妙, 然後分送外方産鐵處, 俾令優數造作, 以備戰用宜當.] 


The officials in the audience were deeply impressed and they waxed enthusiastic about the merits of Cho’s machine. In order to keep Cho in the capital—most likely at the Government Arsenal, the officials also requested the king to arrange for Cho’s salary and assign him a team of talented powder smiths to prototype his design further. Namely, Cho’s landmine was to be “closely investigated” (sangch’al 詳察) and “test-fired” (sibang 試放)—and as the source specifies, three more times—before distributing the resulting prototypes to the provincial workshops for replication as per usual.[footnoteRef:304] [304:  	Ibid., 1612/11/12#3.] 




[bookmark: _Ref37427233][bookmark: _Toc37456631]Figure 21. Wagon Stage. Minzu University of China, Beijing, China. Shown is a stage mounted on a large cart used during a welcoming reception for Akdun (阿克敦, 1685–1756), an envoy from Qing China who visited Chosŏn in 1724.

How did Cho’s landmine actually work? Remarkably, as shown in the technical drawing (Figure 14), the sophisticated machine features at the center a wooden box with two serrated wheels resting on a corresponding set of flints. At the top of the drawing are then gunpowder shells filled with shrapnel, which are linked to the box through bamboo tubes that carry the fuse. Also, the axle in the middle holds a large rock, which hangs below on a wooden platform that was connected via a safety pin to the planks on the surface. When pressure is applied on these planks, the metal wheels then becomes activated on their own and turn their teeth against the 
flints, creating sparks that burned their way into the gunpowder shells.[footnoteRef:305] [305:  	Yi, Kyoch’widang, P'ajilloedo 破陣雷圖 and Chŭnggamyuron 增減遺論.] 

Cho’s device was an engineering marvel, and perhaps that is why it was never put to widespread use, not unlike his other ingenious yet expensive war machines.[footnoteRef:306] What is clear, however, is that the artisan’s talent was recognized and recruited by the state for other purposes. In 1607, Cho was already Clerk with Military Merit (kun'gong chubu 軍功主簿), and seven years later, he became a production manager at the Firearms Directorate.[footnoteRef:307] This is unfortunately where his story ends, but it leaves us nonetheless with an exceptional yet concrete case of an artisan-innovator who worked his way up to the managerial level—and through the craft of prototyping at that. [306:  	Unlike Yi Changson’s time bomb, Cho’s landmine does not appear in any historical records after this incident.]  [307:  	Yi, Kyoch'widang, Ch'ŏngyong mujŏkp'o so 請用無敵砲疏; Hwagi togam uigwe, 22, 82.] 


[bookmark: _Toc6927819][bookmark: _Toc37461037]Conclusion

	This chapter has recognized Chosŏn artisans as knowledge practitioners in their own right. Contrary to the trope of the abject and uncreative artisan, an actual investigation into workshop practices uncovered the vibrant culture of knowledge-making by early Chosŏn craftspeople. As shown, the said culture was a holistic system of prototyping that used various, overlapping forms, including models, moulds, specifications, drawings, and instructions in writing all at once. As an epistemic practice, the Korean artisan’s art of kyŏnyang was also deeply concerned with “packaging” knowledge for transit from one shop to another, as well as with using empirical methods of “unpacking” the prototypes through experimentation. The potent practice that is kyŏnyang did not just empower the Chosŏn court to administer production and control quality. As the tales of two master artisans—Yi Changson and Cho Ch’ŏnjong—have shown, some rose above their stations, left behind designs attributed to them as individuals, and wielded authority and ownership on their own terms.
	We have thus appreciated the artisan’s way. But did these practices remain only in the hands of artisans? That is, did artisanal knowledge in Korea fail to “broaden up”—as historian Kim Yungsik put it—into the upper rungs of society? The next chapter interrogates the late Chosŏn period with these questions. 




[bookmark: _Toc37461038]Chapter 4
[bookmark: _Toc37461039]Skilling Up: Military Officers and Middle Epistemology, 1592–1910

“When facing metal and wood, a craft idea is first drawn up [in my head], and the hand simply follows suit.”[footnoteRef:308] [308:  	Yi, 18-segi Chosŏn inmulchi, 164: 吾當木石金, 意匠先立, 手始隨下.] 


In Biographies of Contemporary Talents (Pyŏngse chaeŏllok 幷世才彥錄), officer-manager Ch’oe Chŏnyak explained his remarkable way with metal and wood as a natural gift that sprung from his mind and spread to his hands. Craft, as he put it, emerged fully-fledged from one’s consciousness, and the hands were mere instruments for translating idea to object. This explanation was ventriloquized by scholar-biographer Yi Kyusang (李奎象, 1727–1799), and we do not know if those same words were indeed spoken.[footnoteRef:309] The motif of the genius craftworker, however, interlaces throughout the account. Namely, the officer opened and closed his story by fashioning himself as a natural: at a mere 10 se, the young Ch’oe devised a filter to remove silt from eroded fields and won the praise of his village elders; in his thirties, then, the blossoming talent fixed a Western mechanical clock, earning the king’s praise as an “exceptional craftworker under heaven” (ch'ŏnha yanggong 天下良工).[footnoteRef:310] Whatever artifact Ch’oe handled, he could rely on a “craft idea” to emerge, and on his hands to “follow suit.”[footnoteRef:311] Even when first encountering the clock, the officer would say unabashedly: “I had never undertaken such an artifact, but I can see its innerworkings clearly (ŭisik chŭk tongyŏn 意思則洞然).”[footnoteRef:312] [309:  	Ibid., 162: 余少時遇天若於笠洞李判書家.]  [310:  	Ibid., 163: 天若曰: “余東萊民家子, 少魯鹵無才技. 十餘歲出田野, 見人去沙之沈田, 人負沙出外, 勞而少功. 余敎兩長木中繫空石, 兩人擔沙出, 一擔幾四五部. 長老皆讚”… 余一見, 卽入意匠, 卽鍊銀釘, 釘之如合符, 英廟諦視曰: “天下良工”.]  [311:  	Ibid., 162–5.]  [312:  	Ibid.: 仍下敎曰: “汝效鑄此鍾乎?” 余周覽鍾勢, 意亦順匝, 卽伏對曰: “平生初當刀刻役, 而意思則洞然”.] 

Ch’oe’s craftsmanship has already been demonstrated: we followed in painstaking detail that he was indeed an exceptional officer-expert who was not just a master carver and clockmaker, but also a manager of myriad crafts. Yet, as Chapter 2 has also detailed, the officer was far from a solitary genius: albeit not all as talented as him, plenty of other practitioners emerged from the division workshops.
This understanding notwithstanding, the biography above reminds us that we in fact understand so little about the curious ability of these practitioners. Was their aptitude with making simply a natural impulse—as Ch’oe put it? Or could unlikely individuals also get handy and acquire skill in a number of different crafts? Between nature and nurture, what explains the proliferation of Ch’oe and his likes in the late Chosŏn?
This chapter answers by examining the epistemic processes by which craft could be attained as well as newly conceived by practitioners. During the early Chosŏn, craftspeople working in the government workshops developed a distinct way of knowledge-making called kyŏnyang, or prototyping. During the late Chosŏn, this practice then broadened up into the ranks of officer-managers like Ch’oe, where it transformed into an epistemology of its own. Namely, as officers led the artisanry in making various artifacts, some of them encountered new and foreign techniques yet unfamiliar to the workmen, while others needed to keep up with their talented underlings and understand what they managed. These interactions then had them “skill up”—that is, lift and absorb the empirical knowledge-making at the hands of the craftsperson. Even as officers took after the artisans, however, they enhanced kyŏnyang from their own social and epistemic posture as middling technical experts.
In tracing how new knowledge practices and practitioners emerged from artisanal empiricism, this study adds to the historiography on early modern science. As noted in the introduction, historians of science have traced the convergence of scholarly and artisanal knowledge—or the “handy mind”—in the birth of new sciences and technology during this period.[footnoteRef:313] A lacuna, however, has been the role of middling experts like Ch’oe who straddled the world of the scholar and the artisan. To be sure, Ken Alder emphasized, early on, the artillery officers in Revolutionary France and their pursuit of a “middle epistemology” that combined craft knowledge and elite mathematics.[footnoteRef:314] Recently, Paola Bertucci also showed the artiste in old regime France—a “scholarly artisan” (often a clockmaker or engraver) who prided in being capable of both mental and manual vigor.[footnoteRef:315] Regarding cases outside of Europe, however, we have sat long in the dark, and this chapter sheds new light with the story of the Korean officer-manager. [313:  	Smith, The Body of the Artisan; Pamela O. Long, Artisan/practitioners and the Rise of the New Sciences, 1400-1600 (Corvallis, OR: Oregon State University Press, 2011); Roberts, Schaffer, and Dear, “The Mindful Hand.”]  [314:  	Alder, Engineering the Revolution.]  [315:  	Paola Bertucci, Artisanal Enlightenment: Science and the Mechanical Arts in Old Regime France (New Haven: Yale University Press, 2017).] 

The emerging story is also a shot in the arm for historians of Korea. Not unlike the trope of the abject and uncreative artisan, our understanding of military men in Chosŏn has suffered its fair share of missteps. Social historians, for one, have overwhelmingly stressed the marginalization of military practitioners—to the point of denying, before investigating, the contents of their knowledge.[footnoteRef:316] Intellectual historians for their part have recognized said knowledge, but they have in turn missed the social context, and by extension, the middling nature of officers as technical specialists.[footnoteRef:317] Finally, the scientific and technological activities of officers have gone undetected by historians of Korean science. This has in part to do with the general neglect among historians that officers, in fact, were middle people—a social stratum of technical specialists that monopolized the traditional sciences in late Chosŏn, including astronomers, jurists, physicians, accountants, painters, interpreters, and the like. [316:  	Social historians—and others who cite their works—have stuck to the notion that a professional officer corps was basically nonexistent in Korea before the 20th century due to the lack of “actual military expertise.” These officers, rather, were “literary manqué,” prone to regurgitate “classical military knowledge” and punch down on contenders from lesser backgrounds. See Eugene Y. Park, A Family of No Prominence: The Descendants of Pak Tŏkhwa and the Birth of Modern Korea (Stanford, California: Stanford University Press, 2014); Eugene Park, Between Dreams and Reality: The Military Examination in Late Chosŏn Korea, 1600-1894 (Cambridge; London: Harvard University Asia Center, 2007); Kyung Moon Hwang, Beyond Birth: Social Status in the Emergence of Modern Korea (Cambridge, MA: Harvard University Asia Center; Distributed by Harvard University Press, 2004.); Carter J. Eckert, Park Chung Hee and Modern Korea: The Roots of Militarism 1866-1945 (Cambridge, MA: Harvard University Press, 2016).]  [317:  	Intellectual historians demonstrated that military knowledge was becoming ever more specialist and pragmatic in the late Chosŏn period. For instance, Chŏng Haeŭn, No Yŏnggu and others have exposed the great variety of texts—ranging from commentaries on military classics to practical drill manuals and translations of foreign technical books—that concerned military professionals. These works, however, do not recognize officers as chungin knowledge practitioners. Chŏng Haeŭn 정해은, Han’guk chŏnt’ong pyŏngsŏ ŭi ihae 한국 전통병서의 이해 [An understanding of traditional military books in Korea] (Kukpangbu Kunsa P’yŏnch’an Yŏn’guso, 2004); No Yŏnggu 노영구, “Chosŏn hugi pyŏngsŏ wa chŏnpŏp ŭi yŏn’gu [A study of military books and formations in the late Chosŏn]” (PhD diss., Seoul National University, 2002); Felix Siegmund, “Integration and Re-Structuring of Military Knowledge in Korea,” in Integration Processes in the Circulation of Knowledge: Cases From Korea, ed. Marion Eggert, and Florian Pölking (Frankfurt am Main: PL Academic Research, 2016).] 

In the what follows, we will first examine the processes by which officers may have picked up artisanal empiricism from the shop floor. Then, we will situate the officers socially as middle people and document the “middle epistemology” that they brought to bear on learning and practicing crafts.

Growing an Artisanal Heart

During the course of the 17th century, officers began to cross over to the workshop and take on managerial roles. At first, it seems that those without previous exposure just became beneficiaries of their talented underlings and strove little. Scholar-official Kim Yuk (金堉, 1570–1658), for instance, criticized as follows: “the supervising personnel…only brandishes the whip and shouts out orders, waiting to enjoy the fruits [of their subordinates’ labor].”[footnoteRef:318] [318:  	Kim Yuk 金堉, Chamgok yugo 潛谷遺稿 [Bequeathed Manuscripts of Kim Yuk], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 86 (Minjok Munhwa Ch’ujinhoe, 1992 [originally 1683]), 132d–33a: 監董之人. 自是職分. 而徒以鞭捶號令之勞. 坐享其功.] 

This may well describe officers who entered the records for abusing the artisans. Although outside of the purview of a division workshop, platoon commander Maeng Sihŭng (孟時興, n.d.), for instance, was notorious. In 1676, the commander kidnapped a shoemaker by the name of Pak Ch’ŏnil (朴天一, n.d.) because he did not deliver military boots on time. Maeng brought the poor artisan to his house, bound him up, and flogged his buttocks 15 times.[footnoteRef:319] [319:  	Maeng was punished but only six years later, when he made another incident—by dragging a subordinate soldier by the hair for not bowing to him—was he discharged from service altogether. Hun’guk tŭngnok, 1676/3/2, 1682/8/7.] 

By the turn of the 18th century, however, we can see that officer-managers began to understand—and even practice—the crafts of production with their own hands. Namely, these officers entered the records as possessing “manual skill” (sujae 手才, suye 手藝) or a “fluent knowledge of the work” (sŭkam samu 熟諳事務)—and in more colorful accounts, a “skillful mind” (kyosa 巧思) or even “an artisanal heart” (changsim 匠心).[footnoteRef:320] [320:  	For records related to manual skill and artisanal qualities, see SJW, 1743/8/28: 其人手才果奇矣; Inwŏn wanghu ch’iljonho chonsung togam ŭigwe [Royal Protocols for Honoring Queen Inwŏn for the 7th Time] [仁元王后七尊號]尊崇都監儀軌 (Chonsung togam, 1751), Jangseogak Archives, K2-2839, 63a: 朴弘曄段, 本非刻手, 以將校中稍有手才者; Kŭmwiyŏng tŭngnok, 1715/3/11: 敎鍊官吳重漢, 工於手藝, 亦有心計…皆出匠心自得; Yi, 18-segi Chosŏn inmulchi, 289: 吾當木石金, 意匠先立, 手始隨下, 把筆不能成畫, 把刀無不物形之曲盡. For records related to “skillful mind” and knowledge, see SJW, 1783/7/19: 自軍門招致巧思人, 造出龍尾車云; PT, 1713/9/19: 武士崔天若, 有巧思, 可以學得製造; Sŏnŭi wanghu kukchang togam ŭigwe [宣懿王后]國葬都監儀軌 [Royal Protocols for the Funeral Rites of Queen Sŏnŭi] (Kukchang togam, c.1730), Bibliothèque nationale de France, Coréen 2566, f.2, 345: 諡寶塡刻時, 崔天若, 前後來到, 看役熟諳事務, 而身係軍門, 不得任意往來, 限完役間分付, 起送之意, 移文訓局, 何如.] 

We have already put names and stories to many of these officers, ranging from Ch’oe Ch’ŏnyak and Pyŏn Ijin to Chŏng Ut’ae, Kang Yun, Chŏng P’irhan, Ku T’aeju, and so on. But what do the sources say about their process of skilling up—that is, the ways in which they may have absorbed artisanal epistemologies?

Consider the case of O Chunghan (吳重漢, 1666–1725), an officer whom we have yet to 
mention. O is an early example of a skilling officer at the divisions: after receiving both law (1687) and military degrees (1697), he became appointed to oversee metalwork (ch’ŏlmul kamgwan 鐵物監官) at the Palace Guards Division at the turn of the 18th century.[footnoteRef:321] For our purposes, the officer led his workshop to develop new crossbows and ballista machines that attracted some attention at court. Consider, for instance, the opening of a relevant production log from 1715. [321:  	Han’guk yŏktae inmul chonghap chŏngbo sisŭt’em 한국역대인물 종합정보시스템 [Comprehensive Biographical Information System for Historical Figures of Korea] (hereafter, HYI), edited by Han’gukhak Chungang Yŏn’guwŏn 한국학중앙연구원, O Chunghan 吳重漢. For O’s early career in the divisions, see Kŭmwiyŏng tŭngnok, 1702/11/9: 敎鍊官吳重漢以上, 騎二中, 各木二疋; 1704/09/03: 敎鍊官…吳重漢; Ŏyŏngch’ŏng tŭngnok, 1706/3/19: 前部左司右哨官…代…前萬戶吳重漢; Kŭmwiyŏng ch’o tŭngnok, 1709/6/27: 敎鍊官吳重漢…以上, 騎一中, 各木二疋式.] 

Instructor O Chunghan is skilled in manual techniques (kong ŏ suye 工於手藝) and also has a calculating mind (simgye 心計). [As for the ballista machine (kungno 弓弩)] he tinkered with the old methods and built a new separate mechanism (kigwal 機括) that can be adjusted in height. This all came out of his artisanal heart and (changsim匠心) and was self-attained (chadŭk 自得). O also installed two sets of spears and swords in front of the machine as abatis (kŏma 拒馬) and to lead the formation at the vanguard. 

In test-firing, those loaded with five short arrows per bow flew over 180 steps, and those with three flew over 230 steps; it thus shoots further with fewer bolts. As for the handheld crossbow (suno 手弩) [that he made], loading it with two bolts sent them 200 steps and with one bolt still more. If aiming for accuracy, the sights can be configured to hit [smaller] targets used for muskets and this method is especially remarkable.[footnoteRef:322] [322:  	Kŭmwiyŏng tŭngnok, 1715/3/11 and Ŏyŏngch’ŏng tŭngnok, 1715/3/22: 本營敎鍊官吳重漢, 工於手藝, 亦有心計, 稍舊制別爲造成其機括, 低昂之變, 皆出匠心自得, 又於弩上, 前揷二槍刃, 以爲陣前拒馬之用矣. 試爲放射, 則一弓擔片箭五箇者, 過一百八十餘步, 擔三箇者, 過二百三十餘步, 矢少, 則射益遠, 其手弩則一弓擔片箭二矢, 則幾至二百步, 擔一矢, 則步數益遠, 而若欲命中, 則從照星指的能中鳥銃貫革, 其制尤妙. When court historians entered this event into the annals, they removed parts about O’s being manually skilled or having an artisanal heart. C.f. Sukchong sillok, 1715/3/3. ] 


O was a hands-on manager who led his workshop with skill and expertise, rather than simply “brandish the whip and shout out orders” like some of his predecessors. In fact, we can appreciate with some detail his specific qualities as manager: “manual techniques,” “calculating mind,” and “artisanal heart.”[footnoteRef:323] On the shop floor, a certain manual aptitude was useful to handle materials directly and collaborate with the artisans—especially when, as the sources tell us, O “tinkered with the old methods and built a new separate mechanism.” A calculating mind, on the other hand, would have aided in planning—as our officer did—comparative shooting trials with variegated distances as well as different combinations of ammunition—and keeping track of results. Finally, O’s “artisanal heart,” which can be said to indicate a spirit of empiricism, was evident in the use of experience as the source of knowledge: namely, the officer confirmed—by firing five, three, two, and one bolt at a time (and with different machines)—to see how range was impacted by the number of projectiles.[footnoteRef:324] [323:  	Kŭmwiyŏng tŭngnok, 1715/3/11; Ŏyŏngch’ŏng tŭngnok, 1715/3/22.]  [324:   	Ibid.] 

	All three traits correspond with a capable manager who intervened on the shop floor, rubbed shoulders with the artisans, and guided the direction of experimentation and production. What is striking about O’s expertise, however, is that it is described as “self-attained.” What could this mean?
	I contend that while Officer O may have carried his own set of expertise into the workshop, he also skilled up in the very process of making. In fact, the aforementioned log concludes with a long list of artisans who could have inspired his learning. The list gave a total of 21 artisans and 11 craft types—namely, two grandmaster artisans, one painter, five bowyers, two fletchers, two blacksmiths, three carpenters, two rope-makers, two drillers, two wooden-hinge makers (pakpaejang 朴排匠), one grill maker (kuijang 炙伊匠), and one lacquerer.[footnoteRef:325] These artisans did not just deliver as demanded by O. They showed him their own artisanal hearts.[footnoteRef:326] [325:  	Ibid.]  [326:   	Ibid.] 

	As evident in the use of terms like “self-attained,” this process of skilling up was rarely presented as it was. In fact, it bears remembering here that Ch’oe’s own explanation for his aptitude went in a similar fashion: after experiencing countless projects and artisans for over four decades, the officer liked to emphasize his own talent rather than the support of his colleagues and aides. As he put it, craft ideas emerged naturally to him, and his hands—which we can amplify to represent his supporting artisans as well—simply followed.
I argue that rather than simple arrogance, this signals the emerging politics of representation by the handy minds of late Chosŏn. That is, as middling experts like the officers worked in proximity with the artisans, they sought a distinctive posture that kept a measure of distance from the workmen, even as they took the latter’s ways to heart. The officer’s mode of knowing and making, then, would take its own course.
	Understanding the posturing by officers is essential to move forward. In order to address it properly, we turn next to situate these experts as middle people, an intermediate group that straddled between the artisans and scholars.
 
As Middle People, As Technical Experts

This time, while carving and smoothening the royal seal for the queens, we commissioned military man Ch’oe Ch’ŏnyak to the task, which he had undertaken before. But because the man has served as military officer, he was ashamed of joining the ranks of the artisanry, and declined to receive salary for the work or be included in the report [listing the artisans].[footnoteRef:327] [327:  	SJW, 1726/11/1: 今番各殿玉寶雕琢時, 前日使役武人崔天若招致, 使之付役, 而渠以曾任將校之故, 恥與工匠爲伍, 旣不受料布, 又不欲混入書啓中, 不可無別爲論賞之道, 故自前別單書入論賞矣. 今亦依前例別單書入之意, 敢啓.] 


In 1726, after preparing jade seals for the court, Ch’oe clarified that he was no ordinary artisan. Speaking to his scholar-superiors, the officer-manager expressed shame in “joining the ranks of the artisanry” and even “declined to receive salary…or be included in the report [listing the artisans].”[footnoteRef:328] This is ironic because there has been no shortage of “artisanal” qualities attributed to Ch’oe: he had “craft ideas,” was called an “exceptional craftworker under heaven,” and—as it pertains to jadework, “exquisite skilled in engraving” (chogak myosu 雕刻妙手).[footnoteRef:329] [328:  	Ibid.]  [329:  	Ibid. Also see Ibid., 1721/10/3; Ilsŏngnok, 1789/7/13.] 

Why then should Ch’oe express shame? As hinted before, I argue that he was posturing as a middling technical expert. This did not go unnoticed: while the jade artisans thought that “if not with Ch’oe, they absolutely could not shape [the jade] properly”; the scholar-superiors who hired Ch’oe duly noted that “this man is different from the artisanry (i ŏ kongjang 異於工匠).”[footnoteRef:330] [330:  	Inwŏn wanghu ijonho chonsung togam toch’ŏng ŭigwe [仁元王后二尊號]尊崇都監都廳儀軌 [Royal Protocols for Honoring Queen Inwŏn for the 2nd time] (Chonsung togam, 1722), Kyujanggak Archives, kyu 13277, 189: 今此尊崇敎是時, 玉寶雕刻之役, 不比尋常, 玉匠等言內, 若無 崔天若, 則決難成樣云. 故移文摠戎廳, 才已來現爲 有在果, 此人則異於工匠.] 

As encapsulated by this incident, the officer-managers inserted themselves between the opposite worlds of the artisan and the scholar. That these people were rightful members of the aforementioned “middle people,” however, has not been appreciated by historians. The following section thus sets out to situate these chungin officers and chart out the different peoples that comprised this emergent group of technical experts.

Chungin Officers
The middle people were a social stratum unique to Korea that included “all groups that were neither aristocrat nor commoner.”[footnoteRef:331] As an ascriptive status category, this intermediate stratum only crystallized after the 17th century and even then, consisted of a great many substrata and associated occupations. First and foremost, there were families that specialized in the miscellaneous exams (chapkwa 雜科)—the likes of interpreters, physicians, jurists, and accountants—whom historians have labelled “technical specialist chungin.”[footnoteRef:332] More broadly, however, the middle people also included secondary sons of aristocrats, petty officers, local functionaries, yamen clerks, well-to-do commoners without employment, and so on.[footnoteRef:333] [331:  	Park, A Family of No Prominence, 15.]  [332:  	For a representative work, see Chŏng Okcha 정옥자, “Chosŏn hugi ŭi kisuljik Chungin 조선후기의 기술직 중인 [Technical specialist middle people in the late Chosŏn],” Chindan hakpo 61 (1986). Also see Chŏng Okcha 정옥자, Chosŏn hugi Chungin munhwa yŏnʾgu 조선후기 중인문화 연구 [A study of the middle people’s culture in the late Chosŏn] (Ilchisa, 2003); Yi Tonggi 이동기, Chosŏn hugi chungin kyoyuk 조선후기 중인 교육 [Education for middle people in the late Chosŏn] (Kyŏngbuk Kyŏngsan-si: Yŏngnam Taehakkyo Ch’ulp’anbu, 2014); Kim Tuhŏn 김두헌, Chosŏn sidae kisuljik chungin sinbun yŏn’gu 조선시대 기술직 중인 신분 연구 [A study of the social status of technical specialist middle people in the late Chosŏn] (Kyŏngin Munhwasa, 2013).]  [333:  	Park, A Family of No Prominence, 2, 14–8. ] 

Depending on social standing and occupation, some chungin—like the technical specialists—were “upper middle” in the sense that they already had a firm foothold in the status category and could perpetuate themselves. Others—namely, clerks, functionaries and wealthy commoners—were “lower middle” and treaded less securely. Despite the differences, however, what united these disparate groups as middle people was indeed their role as mediators in society and government: whether as jurists or clerks, they were middling agents that negotiated between the commoners (and slaves) who provided productive labor and the high-born (aristocrats) who “indulge[d] in literate culture in the name of assisting the ruler to pursue the ‘kingly way.’”[footnoteRef:334] [334:  	Ibid. ] 

That military officers became chungin is clear by the 18th century. In one example from 1742, it was noted, for instance, that “everyone on the register of general officers were middle people and secondary sons of the capital (kyŏng chung Chungsŏin 京中中庶人).”[footnoteRef:335] By the late century, when chungin culture supposedly flourished, we know that petty officers also had this status. As defined by King Chŏngjo, “the middle people are petty officers (pigyo 裨校), accountants (kyesa 計士), interpreters (yŏkkwan 譯官), astronomers (ilgwan 日官), lawyers (yŭlgwan 律官), singing masters (ch’angjae 唱才), mavericks (sanggi 賞歧), scribes (sajagwan 寫字官), painters (hwawŏn 畫員), and chief clerks (noksa 錄事).”[footnoteRef:336] [335:  	SJW, 1742/10/4.]  [336:  	Chŏngjo, Hongjae chŏnsŏ, vol. 263, 258b. That officers were chungin can also be confirmed by writings of scholar Chŏng Yakyong (丁若鏞, 1762–1836) who clarified at the time that well-to-do commoners became military officers and “styled themselves as chungin.” Park, A Family of No Prominence, 16.] 

Taking from the list of managing officers at the division workshops, we can further enrich this view. Namely, there were four distinct yet overlapping subgroups of chungin officers: 1) specialists of the military exam, 2) specialists of the miscellaneous exams, 3) illegitimate offshoots of civil aristocrats, and 4) well-to-do commoners.
The first group refers to families of military specialists who produced degree-holders for generations. One example from our list is Yi Pallyong (李攀龍, fl. 1696–1724?). Yi was a talented officer at the Royal Division who scored perfectly on skills tests and received his degree through a palace exam in royal audience—a distinct honor. For our purposes, other members of his family were in the career service too: his younger brother Panik (李攀翼, 1670–?) received a military degree (1707) and became high-ranking officer (tangsang kun'gwan 堂上軍官) at the Palace Guards Division; their father Raerip (李萊岦, n.d.) also had a military career, holding up to the post of Five Guards vice-director of the trusty (pusagwa 副司果, junior-sixth rank).[footnoteRef:337] Importantly, these chungin officers are not to be confused with military aristocrats (muban 武班): both groups were successful in producing military exam passers, but the latter distinguished themselves by birth to  [337:  	HYI, Yi Panik 李攀翼; Ŏyŏngch’ŏng to tŭngnok, 1696/9/16: 御營敎鍊官李攀龍, 今年正月外, 中日試射時, 片箭三中矣, 敢此仰達. 上曰: 此人一體直赴可也; Kŭmwiyŏng tŭngnok, 1729/9/11: 堂上軍官…李攀翼. In another example, Chŏng P'irhan (鄭弼漢, 1707–1777), son of another military degree-holder Yangbok (鄭陽復, 1641–?), was instructor-manager at the Military Training Agency. HYI, Chŏng P'irhan 鄭弼漢; Chŏng Yangbok 鄭陽復.] 

hold more illustrious posts and to soar through the ranks to become actual generals.[footnoteRef:338] [338:  	This important difference between military aristocrats and military chungin is often oversimplified or misunderstood. See the clarification by Eugene Park in his Between Dreams and Reality, 221n4. Understandably, some chungin officers were frustrated by the glass ceiling that blocked their career advances, but they nonetheless enjoyed great stability as middling experts in the divisions.] 

Second, some officers hailed from families that originally specialized in the miscellaneous exams. O Chunghan, the skilled officer we examined above, makes a great example: his father and grandfather—Chinpang (吳振邦, 1635–fl. 1652) and Ŭihyŏn (吳義賢, 1599–fl. 1624)—were both law professors (yurhak kyosu 律學敎授); his father-in-law—Hyŏn Chinŭng (玄晉雄, 1628–fl. 1654)—was an accountant and his wife’s maternal grandfather—Yi Chinhyŏng (李義亨, fl. 1621)—a physician. Finally, just as O himself received both law (1687) and military degrees (1697), his descendants also were diverse. His sons—Sŏkkŭn (吳碩根, 1704–fl. 1727) and Hukŭn (吳厚根, 1711–fl. 1735)—were both military exam passers but the next generation branched out again to become interpreters, physicians and astronomers.[footnoteRef:339] At the divisions, these crossovers meant the introduction of a diverse array of technical knowledge into the officerly culture: there were, for instance, “regular” military experts who became skilled medically and served as physicians and equine veterinarians.[footnoteRef:340] [339:  	HYI, O Chinpang 吳振邦, O Ŭihyŏn 吳義賢, Hyŏn Chinŭng 玄晉雄, Yi Chinhyŏng 李義亨, O Sŏkkŭn 吳碩根, O Hukŭn 吳厚根, O Tohyŏng 吳道炯, Hong Pokhwa 洪復和, O Chunsŏ 吳俊瑞, Kim Chongho 金鍾浩. In another example, instructor-manager Chŏng Sahyŏn (鄭斯玄, active 1679–1704) also came from a prominent medical family: his father Mi (鄭瑂, active 1635–1658) and grandfather Tamsu (鄭聃壽, active 1623–1653) were royal physicians (ŏŭi 御醫) of great distinction, but curiously, he and his elder brother Sagyo (鄭斯僑, 1635–?) held military degrees and switched careers. As to why these families crossed over is not entirely clear, but one historian has demonstrated quantitatively that passers of the miscellaneous exams were more prone to also take military exams than vice-versa.]  [340:  	The institution of physician officers was created in 1694 and the custom at first was to transfer personnel from the medical agencies at government. After 1727, however, physicians were recruited from within the divisions. As for equine veterinary officers, they were recruited from the special cavalrymen at the Palace Guards Division (pyŏlkiwi 別騎衛). See Kŭmwiyŏng sarye, Changgwan changgyo wŏnyŏk kunbyŏng ch'ongsu 將官將校員役軍兵摠數: 藥房一人,  肅廟甲戌創出以兩醫司, 啓下矣. 英廟丁未, 自營門直, 傳令差出…馬醫一人, 別騎衛中兼差. This suggests a measure of medical skilling by regular military officers and we can confirm individuals such as Yi Chaehŭp (李在洽, fl. 1804–1865) who served concurrently as physician (ŭigwan kyŏm pijang 醫官兼裨將) on overseas trips as well as officer Kang Io (姜彛五, 1788–1857) who left behind a notebook with jottings of medical knowledge. Yi Chaehŭp 李在洽, Puyŏn ilgi 赴燕日記 [Diaries of Visiting China], reprinted in Yŏnhaengnok sŏnjip 연행록선집, vol. 9 (Minjok Munhwa Ch’ujinhoe, 1982 [originally 1828]); Kang, Yaksan hogo. In the realm of equine veterinary knowledge, an early precedent was set by officer Chŏng Sahyŏn who became “special manager of training royal horses” (ŏsŭngma chosŭp pyŏlgamgwan 御乘馬調習別監官) in 1686 for his expertise in equine veterinary knowledge. SJW, 1686/1/13. It seems, however, that regular medical professionals did continue to enter the divisions in the capacity of physicians: the great physician Yu Chungrim (柳重臨, 1705–1771), for instance, worked in the divisions and even authored a military-scientific treatise: Great Compilation of Military Studies (Pyŏnghak taesŏng 兵學大成). Cho Kwimyŏng 趙龜命, Tonggye chip 東谿集 [Literati Collection of Cho Kwimyŏng], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 215 (Minjok Munhwa Ch’ujinhoe, 2000 [originally 1741]), 19d: 柳君重臨, 所撰兵學大成, 其猶有意於學者乎…柳之先大人知樞君, 以醫名, 神於治痘, 所活千萬人, 或謂柳之攻於戰陣殺伐之術, 爲悖先旨. These cases explain a number of military-medical/veterinary works whose authors remain unidentified; on this, more research is imperative as well as on other kinds of knowledge exchanges amongst the officers and other technical specialist groups.] 

Third, some officers were illegitimate offshoots of the civil aristocracy. Kang Sin (姜信, fl. 1797–1821), for instance, was the secondary son of the prominent scholar-official, calligrapher, and painter Kang Sehwang (姜世晃, 1713–1791; penname P’yoam 豹菴).[footnoteRef:341] By virtue of his birth from a concubine mother, Sin became a military officer, starting effectively a whole descent group of officer-experts that received military degrees and oversaw production at the divisions and directorates alike for the next three generations.[footnoteRef:342] His three sons—Ichung (姜彛中, fl. 1816–1833), Io (姜彛五, 1788–1857) and Iŭk (姜彛彧, 1803–fl. 1838)—all turned out to be  [341:  	Other examples from our list of managing officers include Cho Song (趙松, ?–c.1741) who was the secondary son of scholar-official Cho Pongwŏn (趙逢源, 1608–1691) and Yi Kimyŏng (李基命, fl. 1722) who was likewise related to the family of Yi Yimyŏng (李頤命, 1658–1722), a prominent statesman who interacted often with chungin officers and other technical specialists. See HYI, Cho Kŭn 趙根; Myŏngjong sillok 明宗實錄 [Veritable Records of Myŏngjong’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 1722/5/11: 寶城郡守李基命, 境內士類…渠以頤賊近孽. ]  [342:  	Important to this intergenerational success was Kang Sin’s manual skill: the officer “had extraordinary talent (kijae 奇才) and many skillful techniques (kyogi 巧器),” which included painting and clock-making. Yi, Oju yŏnmun, Sumyŏngjong rujongp'yo pyŏnjŭngsŏl水鳴鍾漏鍾表辨證說: 判尹世晃庶孫, 有奇才多巧器. Sin was a painter like his father. Kang Sehwang 姜世晃, P’yoam ko 豹菴稿 [Bequeathed Manuscripts of Kang Sehwang], reprinted in Han’guk munjip ch’onggan sok 한국문집총간 속, vol. 80 (Minjok Munhwa Ch’ujinhoe, 2009 [originally 18th century]), 384b: 己酉四月, 有獻雉淮衙者, 信兒摸寫, 頗得形似, 向者有卞尙璧者工畵猫, 時人以卞猫稱之, 今或有以姜雉稱之, 恥孰甚焉, 宜勿用工可也. For his talent in mechanical clock-making, see Yi, Oju yŏnmun, Chamyŏngjong pyŏnjŭngsŏl 自鳴鍾辨證說: 嗣此姜僉樞信及其胤彝中, 彝五及金興德命焃最精.] 

officers at the divisions, and the first two in particular had talents that included mechanical clock-making, medicine, painting, and cartography.[footnoteRef:343] [343:  	For evidence of the three sons serving as (managing) officers at the divisions, see Ŏyŏngch’ŏng tŭngnok, 1845/8/23: 別看役前營將姜彝五; SJW, 1817/8/29: 龍虎營所上軍物器械, 年久破傷, 不得不修改新備, 故別定將校折衝全取淳·姜彝中, 使之監董矣; 1829/9/21: 招搖旗次知敎鍊官姜彝彧. For Ichung and Io’s talent in clock-making, see Yi, Oju yŏnmun, Chamyŏngjong pyŏnjŭngsŏl 自鳴鍾辨證說. For Ichung’s cartographical skills and Io’s medicinal knowledge, see, respectively, Yi Myŏnggyu 李命圭, and Kang Ichung 姜彛中, Kakkukto 各國圖 [Map of Each Country] (n.p., early 19th century), National Library of Korea, BA2802-1.] 

Lastly, the officer corps was made up of up-and-coming commoners who became chungin. By nature of their obscure origins, these families are difficult to trace, but fortunately, we know in detail how at least one transitioned successfully from the ranks of commoner soldiers into the midst of chungin. As demonstrated by social historian Eugene Park, one descent group of the Miryang Paks began in the 17th century as rank-and-file soldiers; but by continuing as “military officers engaged in commerce,” they became prominent middle people by the turn of the 19th century, intermarrying with other technical specialists (jurists and calligraphers) and enjoying economic stability (as managers of royal estates and rice and paper businesses).[footnoteRef:344] While Park says little about institutional practices, there were in fact formalized channels through which commoners could become promoted into officer ranks. The position of instructors, for instance, recruited regularly from the soldiery and even set quotas to “raise from the rank-and-file” (hango palch'ŏn 行伍拔薦, hango sŭngch'a 行伍陞差).[footnoteRef:345] By the late 18th century, we also know that soldier-artisans could rise to the positions of master artisan and grandmaster artisan, and from either of these positions, become promoted as special troopers.[footnoteRef:346] [344:  	Park, A Family of No Prominence. Before their transformation was complete, however, these up-and-coming families intermarried with other well-to-do commoners (wealthy merchants).]  [345:  	It was noted in 1735 that the institution of promoting rank-and-file soldiers to officer positions (instructor) was already established in the Military Training Agency and the Royal Division, but that the Chief Military Command did not have a similar practice. The same institution was then created at the time and other sources further suggest that this practice was standard across all divisions. The upwardly mobile officers were even considered better than other chungin officers: as one scholar-official put it, the upwardly mobile officers were “exceptional in their mastery of military matters (hyodal pyŏngsa 曉達兵事), and when in drill, are skilled and knowledgeable about it from start to finish (nŭngji tumi 能知頭尾) and carry out all procedures.” SJW, 1735/1/10.]  [346:  	That artisans became master artisans was customary in Chosŏn. The role of master artisan was important for production that involved a relatively large number of artisans of one craft such as blacksmiths. As for the grandmaster artisan who oversaw the master artisans, they were “expert on machine-making” (kun'gi chŏngjo cha 器械精造者) and hailed from “commoners and soldiers alike” (kunbyŏng yangin mulgu ch'ajŏng 軍兵良人勿拘差定); the eligibility requirements were thus open to any soldier-artisan or artisan of commoner status. Changyongyŏng taejŏlmok, Wŏnyŏk 員役. From either the master or grandmaster position one could be promoted to officer (e.g., the position of special trooper). We can identify individual cases and also a number of special troopers who were simultaneously bowyer, fletcher, carpenter, and what have you. Changyongyŏng kosa, 1792/1/22; Ŏyŏngch’ŏng tŭngnok, 1738/10/24: 弓矢弓人邊首, 出身李有徵; 1747/1/26: 禁衛營別武士金貴弼, 訓鍊都監別武士除重運, 皆以數千張造弓之功.] 


Middle Epistemology
What we have here is a granular view of the world of military officers and the disparate social groups that constituted it. That these groups were forged into a cohesive officer corps, however, can only be understood by examining what they shared in common: technical expertise as middling specialists.
The officers were middling in at least two senses. In the field, officers inserted themselves between the general and the soldier, working as direct commandants of the rank-and-file and coordinating the soldiers’ particular skills into a functional battle formation at the general’s high-level commands. In the shop, they likewise straddled between the scholar and the artisan, engaging closely with the manufacture and exerting skill and knowledge to arrange individual crafts into a multi-tiered production as desired by their scholar-superiors.
I herewith call for a “middle epistemology” of military officers: the officers were technical specialist chungin and they developed distinct approaches to knowledge and material production that were middling in nature.[footnoteRef:347] As mediators between the oppositional worlds of the scholar and the artisan, and the general and the soldier, these experts drew from both to craft an intermediate language of their own. Learning from above, they absorbed the universal language of the savant (scholar, general), a language marked by the articulation of broadly applicable theory and generalities. Engaging with below, they picked up the particularistic language of the worker (artisan, soldier), a distinct epistemology that was fundamentally empiricist, detailed, and practice-oriented as in knowing how to use a carving knife.  [347:  	I borrow the term middle epistemology from Ken Alder’s work. Alder, Engineering the Revolution.] 

In efforts to balance between the two, then, the officer’s own approach to knowledge was middling in its cast. Even as the officer took up the scholar’s brush (writing in the literary Sinitic), he did not so much produce belles lettres as address the practical needs of understanding mundane materials and techniques that mattered on the shop floor. Likewise, even as the officer learned the worker’s tools (manual skill and kyŏnyang), he focused on skills such as documentation, which conferred them an edge over the less-literate artisans, as well as drafting, which was aimed at mastering the overall nature of production as managers rather than as rank-and-file producers.
What did this middle epistemology look like in action?

The Officer’s Way

A painting of the Robust and Brave Guards captures a snapshot of its main workshop, the Grand Weapons Hall (kun’gi taech’ŏng軍器大廳). As shown in Figure 22, the heart of this workshop is a production studio at the top-center that was designated as the “place for supervising weapons [manufacture]” (kun’gi kamdong chi so 軍器監蕫之所).[footnoteRef:348] The studio is a command post, if you will, for the officer-manager. Even a quick glance shows that it is strategically located: in a counter-clockwise direction, the officer had an outlook onto workspaces for bowyers, fletchers, and the grandmaster artisan (top’yŏnsu 都邊首); followed by ateliers for 11 other artisan types—from drillers (ch’ŏnhyŏljang穿穴匠) and borers (ch’anhyŏljang 鑽穴匠) to blacksmiths (yajang 冶匠) and screw-smiths (nasajŏngjang 羅絲釘匠; and finally, a library adjacent to his left (Figure 22; Table 12).[footnoteRef:349] [348:  	Changyongyŏng taejŏlmok, Ch’ŏngsa 廳舍: 軍器監蕫之所.]  [349:  	For the list of 33 salaried artisans who were transferred to the Robust and Brave Guards from other divisions in 1788, see Hun’guk tŭngnok, 1788/1/24. For detailed research on the drawings in Figure 22 and the construction of the division facilities, see Pak Pŏm [Park Beom] 박범, “Chŏngjodae Changyongyŏng naeyŏng yŏngsa ŭi chŭngsŏl kwajŏng kwa ŭimi 정조대 장용영 내영 영사의 증설과정과 의미 [The process and meaning of expanding the facilities at the Robust and Brave Guards during Chŏngjo’s reign],” Sŏulhak yŏn’gu 68 (2017); Yi Wangmu 이왕무, “Ponyŏng Tohyŏng ŭl t’onghan Chosŏn hugi Changyongyŏng ŭi mosŭp 본영도형을 통한 조선후기 장용영의 모습 [The appearance of the Robust and Brave Guards as seen through the Camp Drawing],” Changsŏgak 21 (2009); Chang Chŏngnam 장정남, “Changyongyŏng ŭi Hansŏngbu nae ipchi wa kŏnch’ukchŏk t’ŭksŏng: Ponyŏng tohyŏng ŭi punsŏg ŭl chungsimŭro 장용영의 한성부내 입지와 건축적 특성: 본영도형의 분석을 중심으로 [The position in Seoul of the Robust and Brave Guards and the architectural characteristics],” Changsŏgak 21 (2009).] 

What did the officers do in the production studio? Also, why the library? I show two activities that transpired at the hands of these middling technical experts: technical writing and drawing.

[bookmark: _Ref37321925][bookmark: _Toc37456632]Figure 22. The Grand Weapons Hall at the Robust and Brave Guards. The top image is the architectural plan made in 1787 and the bottom a drawing of the hall after the construction in 1799. Both are titled Drawing of the Main Division (Ponyŏng tohyŏng 本營圖形) and in the Changsŏgak Collection, respectively, K2-4365 and K2-4366.
[bookmark: _Ref37458791]



Table 12. Internal Structure of the Grand Weapons Hall
	Workshop
	Designated spaces

	Grand Weapons Hall
軍器大廳


	Grand Weapons Hall 軍器大廳: referred to here as “production studio”): 8.5 k’an
	East room 東房: 1 k’an

	
	
	West room 西房: 1 kan

	
	
	Hall 廳: 4.5 k’an

	
	
	Kitchen 廚: 1.5 k’an

	
	Library 書庫: 4.5 k’an
	Room 房: 2 k’an

	
	
	Hall 廳: 2.5 k’an

	
	Bowyer and Fletcher’s ateliers 弓矢人間: 10 k’an
	Bowyer’s room 弓房: 1.5 k’an

	
	
	Fletcher’s room 箭房: 1 k’an

	
	Artisan ateliers 工匠間: 35 k’an
	Grandmaster artisan’s room 都邊首房: 1 k’an

	
	
	Blacksmith’s atelier 冶匠間: 11 k’an

	
	
	Brass plater’s atelier 豆錫匠間: 3 k’an

	
	
	Caster’s atelier 注匠間: 3 k’an

	
	
	Stock maker’s atelier造家匠間: 3 k’an

	
	
	Polisher’s atelier 鍊磨匠間: 2 k’an

	
	
	Screwed nail maker’s atelier 羅絲釘匠間: 2 k’an

	
	
	Driller’s atelier 穿穴匠間: 2 k’an

	
	
	Borer’s atelier 鑽穴匠間: 2 k’an

	
	
	Sear maker’s atelier 內執匠間: 1.5 k’an

	
	
	Grill maker’s atelier 炙伊匠間: 1 k’an

	
	
	Decorator’s atelier 粧家匠間: 2 k’an



Source: Changyongyŏng taejŏlmok, Ch’ŏngsa 廳舍, Kunje 軍制, Wŏnyŏk 員役, Chapssik 雜式; Ilsŏngnok, 1793/11/20.





Technical Documentation

Our people are lazy by nature and tend to be haphazard. In making an artifact, the artisans do not illuminate the principles behind material objects, and exert no effort in [documenting] the method of making. The artisans only materialize shapes and it is lamentable that they look down upon technical books and do not engage.[footnoteRef:350] [350:  	Chang Yusŭng 장유승, “Sirhak ŭi sidae e kkotp’iun siryongjŏgin chisikkwa kisul: hyŏnjangesŏ chŭksi hwaryong kanŭnghan Somunsasŏl 실학의 시대에 꽃피운 실용적인 지식과 기술: 현장에서 즉시 활용 가능한 소문사설 [The practical knowledge and techniques that flowered in the age of practical learning: Somun sasŏl, a book that was immediately useful in the field],” in Siryongsŏ ro ingnŭn Chosŏn [Chosŏn as seen through practical manuals], ed. Chŏng Hohun 정호훈 (Kyŏnggi-do P’aju-si: Kŭl Hangari, 2013), 109. Also see Yi Sip’il 李時弼, Somun sasŏl, Chosŏn ŭi siryong chisik yŏn’gu not’ŭ: 18-segi saenghwal munhwa paekkwa sajŏn 소문사설: 조선의 실용지식 연구노트: 18세기 생활문화 백과사전 [Somun sasŏl, a research notebook on practical learning of Chosŏn: an 18th century encyclopedia of living culture], edited by Paek Sŭngho 백승호, Pu Yusŏp 부유섭, and Chang Yusŭng 장유승 (Hyumŏnisŭt’ŭ, 2011).] 


	In a notebook attributed to physician Yi Sip'il (李時弼, 1657–1724), the author differentiates his interest in understanding the “principles behind material objects” from that of the artisan who “only materialize[s] shapes” and does not go further to document the methods of making.[footnoteRef:351] The artisan, in other words, engaged only in the practice of specific crafts, speaking the language of the particularistic craftworker. But Yi, a middling technical specialist, was keen on researching the underlying principles that could apply broadly across specific crafts and situations, an approach to knowledge-making that differed also from the scholar-elites who engaged in generalities. [351:  	Chang, “Sirhak ŭi sidae e kkotp’iun,” 109.] 

Sifting through the writings of military officers, we can detect similar characteristics in the way they approached mundane materials and techniques on the shop floor. As managers, they yoked their writing skills to extract artisanal knowledge and distill its particulars into an actionable formula (sik 式) of empirical knowledge that was directly useful in organizing production. This craft of technical documentation was by no means unique to the officers: as shown above with the example of Yi, it was shared across the chungin knowledge class. Yet, at the division workshop—one of the most vibrant centers of crafts and technology in the late Chosŏn, chungin military experts applied it with great vigor to solve the problems of military production.
To begin, we must put to rest the conventional wisdom that military professionals in the late Chosŏn were either illiterate or “literary manqué[s].”[footnoteRef:352] Starting in the 18th century, military practitioners started to emphasize practical literacy and found their own authorial voices. Tellingly, in What Military Officers Should Know (Musin suji 武臣須知, ca. 1798), Yi Chŏngjip (李廷潗, 1741–1782) stressed the importance of pursuing “broad learning” (pakhak mubang 博學無方) of various technical knowledges including geomancy, human and equine physiognomy, divination, and medicine.[footnoteRef:353] Namely, in reading broadly (pangnam 博覽), he suggested to keep an eye out for the “direction” of knowledge rather than becoming bogged down by the details; and in writing, to refrain from “insisting on belles-lettres (sujang chŏkku 搜章摘句), which is the affair of a stale scholar (puyu chi sa 腐儒之事).”[footnoteRef:354] [352:  	Eckert, Park Chung Hee, 20.]  [353:  	Yi Chŏngjip 李廷潗, Musin suji 武臣須知 [What Military Officers Should Know], reprinted in Kunsa munhŏnjip 군사문헌집, vol. 5 (Kukpangbu Kunsa P’yŏnch’an Yŏn’guso, 1986 [c.1798]), 75, 89.]  [354:  	Ibid., 1–4, 67–70.] 

To be sure, Yi was a military aristocrat who reached generalship and sometimes resembled the voice of his aristocratic peers: while he casted himself as a practical man (as opposed to scholars) and lamented often about the discrimination of military professionals by civil aristocrats, the general nonetheless differentiated himself from the chungin officers, exhorting them in a patronizing way to think critically rather than relying on technical manuals (pangsŏ 方書) and regurgitating their details.[footnoteRef:355] Yi’s efforts to distance himself, however, belies in turn the greater emphasis placed by chungin officers on practical literacy.[footnoteRef:356] As opposed to the general who had a foot in the aristocratic world, most officers in the divisions were middling experts that concerned themselves with technical manuals by virtue of their occupation. In leading drill, for instance, instructors and other petty officers required hands-on knowledge on battle tactics and formations, and this knowledge was drawn from practical training manuals such as the Guide to the Military Arts (Pyŏnghak chinam 兵學指南), a Korean restructuring of the New Book. To master its nitty-gritty contents, petty officers often kept pocket books (holgi 笏記) that extracted the most essential formations from the manuals into a format that was actionable and portable. Sometimes, as in the case of Yi Sangjŏng (李象鼎, active 1798–1829), even a soldier-turned-officer would author a wide-ranging exegesis. In his Commentaries on the Guide to the Military Arts (兵學指南演義, 1798), Yi included line-by-line commentaries that were useful for drill and skills tests in the late Chosŏn army: he was in fact promoted to instructorship for authoring the treatise[footnoteRef:357] and ranked at the top of reading tests at the Military Training Agency.[footnoteRef:358] [355:  	Ibid., 75. Yi emphasized that military officers should not just read drill manuals like the Guide to Military Studies (Pyŏnghak chinam 兵學指南). “If one reads only the Guide,” he wrote, “his thought will become narrow like that of a frog in a well.” “Drill manuals like the Guide,” he further noted “do not teach methods of flexible application (mu hwalbŏp chi kyo 無活法之敎).” In another example where Yi set himself apart from chungin officers was his attitude towards mindless memorization of practical manuals; he confessed that he would often forget the details, which were like “wind passing through the ear.”]  [356:  	Some examples of officers who engaged in practical writing include Song Kyubin (宋奎斌, 1696–1778) who wrote the Miscellaneous Explanations on Defense (Pangsu chapsŏl 防守雜說), Bequeathed Echoes (P'ungch'ŏn yuhyang 風泉遺響) and an unnamed technical treatise (pangnyak 方略) on river engineering (chunch’ŏn 濬川). Paek Kiin 백기인, Chosŏn hugi kukpangnon yŏn’gu 조선후기 국방론 연구 [Discourse of national defense in the late Chosŏn] (Hyean, 2004), 24–5, 30–1; Song Kyubin 宋奎斌, P’ungch’ŏn yuhyang 風泉遺響 [Bequeathed Echoes], reprinted in Kunsa munhŏnjip 군사문헌집, vol. 11 (Kukpangbu Kunsa P’yŏnch’an Yŏn’guso, 1990 [originally 1778]). The aforementioned Kang Ichung also kept a notebook where he jotted down medical knowledge in great detail. Kang, Yaksan hogo.]  [357:  	Yi Sangjŏng 李象鼎, Pyŏnghak chinam yŏnŭi 兵學指南演義 [Commentaries on the Guide to the Military Arts], reprinted in Kunsa munhŏnjip 군사문헌집, vol. 17–9 (Kukpangbu Kunsa P’yŏnch’an Yŏn’guso, 1995-1997 [originally 1798]), 6, 198–201.]  [358:  	We know that even in his late years, the officer—then, promoted as platoon commander—placed first (kŏsu 居首) in the regular recitation exams at the agency, scoring nearly perfectly in both military reading (9.5 out of 10) and drawing (9 out of 10). Hun’guk tŭngnok, 1826/12/21.] 

Within this interest in technical writing, some officers focused squarely on the topic of crafts and technology. Instructor-manager Yi Chaehŭp (李在洽, active 1804–1865), for instance, exhibited keen interest towards artifacts and techniques that he encountered during his visit to China as a physician-cum-officer (ŭigwan kyŏm pijang 醫官兼裨將) in 1828.[footnoteRef:359] In a detailed travelogue, he commented on the various crafts, recognizing their utility and suggesting often that they should be made also in Korea. Consider, for instance, his detailed reaction to the Chinese carding machine, a “bow” for fluffing up cotton. [359:  	Yi Chaehŭp, Puyŏn ilgi.] 

Their method of carding cotton is also worth imitating. The body of the bow is very big, built with straight bamboo and reinforced above and below with wooden planks by fastening with straps. There is also a thin bamboo stalk around 1.5 chang long that is raised up in midair and attached by string to the middle of the bow so that [the bow] hangs to the standing stalk. If a large bow as such is hung on a stalk that is thin and pliable, the latter’s strength cannot overcome and bounces up and down with the carding movement; this is a proper application of the material’s flexibility. [In operating the machine] the carder plants the stalk on the ground, raising it up into the air, straightens it against his back and wraps it between his legs below. Then, holding the bow with the left hand and a cut bamboo joint—as big as a shin—on the right, the carder strikes the bow rhythmically. The bowstring, the bow, and the standing stalk then respond to each other, floating and roving about, while the cotton mixes and turns, rising up like a flowering cloud.[footnoteRef:360] [360:  	Ibid., Chugyŏn chesa 主見諸事, Pangjŏk 紡績: 彈絮之法. 亦可模得. 弓軆甚大. 以直竹杠爲軆. 上下皆附添板. 繫弦而縛之. 另以纖長之竹長可一丈有半. 竹梢纖細者立之空中. 縋繩懸弓軆之中間. 繫在立竹之梢. 竹梢柔細. 懸以大弓則力不勝弓. 隨彈低昂. 正取其搖搖不硬之意也. 彈絮者空中植立. 立竹正自背後. 挾以兩股. 以左手揭弓軆. 右手持斷竹節大如脛者. 扣弓弦有節. 則弦與弓軆與立竹互應. 浮盪游動. 絮乃混淪蒙騰. 如雲瀜起矣. ] 


These are accurate descriptions that match perfectly with those of British visitors to China in the 19th century (Figure 23). In context, they also show a marked difference in granularity when compared to the generalist writings of Yi’s scholar-superiors during the same trip.




[bookmark: _Ref38576415][bookmark: _Toc37456633]Figure 23. A Chinese Man Bowing Cotton. Handcolored copperplate engraving based on China, Its Costumes, Arts, Manufactures (Howlett and Brimmer, London, 1824).

For our purposes, this ability to capture technical concepts in writing is significant considering that Yi—as well as other officer-authors mentioned above—were in fact supervisors at the division workshops. Yi Chaehŭp figures as an expert in construction and manufacturing projects in the Garrison Records. A work log from 1844 shows that he served as instructor at the Royal Division and oversaw a team of masons, carpenters, plasterers, and tile makers to repair city walls around Seoul.[footnoteRef:361] From 1862 to 1865, he also undertook major construction work at the Royal Division and the Military Training Administration (Hullyŏnwŏn 訓練院) as well as overseeing the making of more than 80 different artifacts, from military tents and flags to shovels and measuring ropes (ch'ŏngnyang chul 尺量乼).[footnoteRef:362] Although less prolific, Yi Sangjŏng was also manager at the Military Training Agency and materialized many of the artifacts he had discussed in the “Machines” (kikye 機器) section of in his Commentaries.[footnoteRef:363] [361:  	Ŏyŏngch’ŏng sŏngyŏk tŭngnok 御營廳城役謄錄 [Records of Wall Building at the Royal Division] (n.p., 1834–1851), Changsŏgak Collection, K2-3570, 1844/5/18. Over the next decades, Yi rose through the ranks, becoming special officer of Yang Hwajin and eventually as high as senior-second rank (Chŏnghŏn 正憲).]  [362:  	Ŏyŏngch’ŏng tŭngnok, 1864/04/10; 1864/5; 1864/5/20; 1865/5+/5.]  [363:  	A production log from 1829 shows that he oversaw a major manufacturing run. Hun’guk tŭngnok, 1829/7/9. In another example, Officer Song Kyubin (宋奎斌, 1696–1778) likewise carried out an experimental diking project in Seoul, and later developed new firearms and battle wagons at the Palace Guards Division. Paek, Chosŏn hugi kukpangnon yŏn’gu, 20, 24–5, 30–1. Also see footnote 359.] 

But how exactly did this propensity for technical writing help with managing production? Generally, writing was an inevitable task at the workshop due to the complexity of organizing production. Even in the Robust and Brave Guards—a short-lived division with a relatively small production scale, over 260 types of artifacts were made in just four manufacturing runs over 17 years (1785–1802).[footnoteRef:364] Keeping track of all these artifacts as well as arranging their ingredients and fuel in advance, distributing salary and materials to the artisanry according to set schedules, and managing the warehouse in an orderly fashion all required bookkeeping. Eventually, a production log was generated from this pile of paperwork, and in reading these logs, we are in fact seeing just the sliver of what had traversed the studio. The handling of this paperwork, of course, was facilitated by clerks and scribes and—before the officers took over in the late 17th century—other managers and staff officials. Nonetheless, military officers also wrote and they in fact went beyond these administrative functions: as supervisors aspiring for skill and knowledge, they concerned themselves with documentation that aimed at mastering the nature of the work at hand. [364:  	This statistic was compiled from the following entries. Changyongyŏng kosa, 1788/3/28, 1788/7/26, 1795/12/27, 1797/6/12.] 

In the Garrison Records, one can find traces of their writing in special compilations of precedents for each division. These compilations are manuscripts created by each division for purposes of internal administration and included details on miscellaneous topics ranging from finances and salary disbursement to maintenance of facilities and rewards and punishments for soldiers. Within this haystack of minutiae we can find specifics on materials and techniques associated with the workshops. This craft knowledge covers a variety of topics and is often organized in subsections according to topic—such as saltpeter-boiling, gunmaking, and ship-building—or lumped together with other kinds of administrative information in so-called “miscellaneous formulae” (chapsik 雜式).[footnoteRef:365] [365:  	For representative examples, see Ŏyŏngch’ŏng kusingnye 御營廳舊式例 [Old Precedents at the Royal Division] (n.p., 1684, corrected in 1707), Changsŏgak Collection, K2-3346; Kŭmwiyŏng sarye ch’o, T'ach'ŏlssik 打鐡式; Ŏyŏngch’ŏng singnye 御營廳式例 [Precedents at the Royal Division] (n.p., 1868), Changsŏgak Collection, K2-3355, Sinch'ŏl t'ajosik 薪鐵打造式. Sometimes, craft knowledge is lumped together with other kinds of details on administration and titled “miscellaneous formulae” (chapsik 雜式). Curiously, the same sections in other books do not include craft knowledge but only details on administration. Compare the following two sources: Ch’ongwiyŏng tŭngnok, Chapsik 雜式; Changyongyŏng taejŏlmok, Chapsik 雜式.] 

One form of technical documentation that occurs frequently is “what goes in” (soip 所入), a list of ingredients for making a particular artifact. These ingredient lists are exhaustive in detail and we can find the earliest examples in the Compilation of Old Precedents at the Royal Division (Ŏyŏngch'ŏng ku singnye 御營廳舊式例; 1624–1650, transcribed in 1707). For example, one particularly long list for armor included as many as 32 different ingredients—from brass and lacquer to different types of gilded nails and silk lining—as well as the seven different types of artisans involved in its construction (Table 13). 
The highly practical nature of this knowledge is due to the fact that the formulae were generated from actual experiences of managing work on the shop floor. Namely, ingredient lists were created during the process of prototyping a new item to manufacture at the division workshops. In 1652, for instance, a large manufacturing job was planned for 5,000 suits of body armor at the Military Training Agency and as per convention, one prototype armor was made in advance. In the process of creating this prototype, however, the list of ingredients was also drawn up with each material used and specific weights that went in; in guiding the actual production then, this “formula” was multiplied by 5,000 to calculate the total quantity of materials and labor costs required.[footnoteRef:366] [366:  	Hun’guk sarye ch’waryo, Ch'wirae 取來. For context, see Hun’guk tŭngnok, 1653/6/13; SJW, 1652/10/18.] 

If these lists of ingredients seem thorough enough, one may be surprised to learn that they are only high-level extracts taken from the shop floor. Moving closer to the production studio—and perhaps its adjacent library, we have separate notebooks kept by officers that dug even deeper into detail. Formulae on Iron (Ch’ŏlsik 鐡式), for instance, is a rare manuscript that contains a wide-array of technological data that is not readily available in the compilations of precedents 
[bookmark: _Ref37430628][bookmark: _Toc37456286]Table 13. List of Ingredients for a Gilded Leather Armor[footnoteRef:367] [367:  	Characters for units of measurements (in order of occurrence): rip 立, ryang 兩, sŏk  石, tu 斗,  sŭng 升, hap 合, chak 勺, kae 介, kŭn 斤, chŏn 錢, chŏk 尺, p’il 疋, ch’on 寸, ryŏng令.] 

	Large scale 大葉: 4 rip 
Next-large scale 次大葉: 23 rip
Triangular(?) scale 風遮葉: 4 rip 
Medium scale 中葉: 163 rip 
Half scale 半葉: 16 rip  
Sleeve scale 袖葉: 78 rip  
Pliable scale 柳葉: 168 rip 
Lower body large scale 裳大葉: 12 rip  
Listed above [requires]  Cowhide 牛皮: 4 ryang
                                     Glue魚膠: 2 ryang
   Charcoal 炭: 1 sŏk 10 tu

Scales for wrapping the round neck 頭口之多回葉: 90 rip
Raw lacquer 生漆: 1 sŭng 8 hap 5 chak
Pure lacquer 全漆: 2 sŭng 4 hap 9 chak
Brass round-headed (“rat-eye”) nail 豆錫鼠目釘: 128 kae 
Gilded large nail 塗金大釘: 474 kae
Gilded small nail 塗金小釘: 557 kae
Listed above [requires] Brass slag 豆錫滓: 12 kŭn 10 ryang

Brass豆錫: 15 ryang (for all armor nails 甲釘念僉)
Refined copper 熟銅: 3 kŭn (for ch'ŏnp'yŏng sihw’a hwagwang 天平腮花火光)
Listed above [requires] Charcoal 炭: 3 sŏk

Silver nail丁銀: 1 chŏn (for soldering 汗音)
Brass 豆錫: 1 kŭn  (shoulder plating 肩鐵)
Green velvet silk 草綠羽段: 15 ch’ŏk
Blue silk 藍方絲紬: 1 p’il 19 ch’ŏk
Blue Chinese silk 藍大段: 2 ch’ŏk 2 ch’on (wrap for lining of shoulder and sleeves多回內拱臂袖縇)
Green [velvet] silk 草綠[羽]段: 3 ch’ŏk for sewing 衣縇
Thin silk 細木: 27 ch’ŏk for lining 內拱
Gold 黃金: 1 ryang 6 chŏn | Charcoal 炭: 2 sŏk
Mercury 水銀: 1 ryang 9 chŏn
Heavenly silver 天銀: 6 chŏn (inlaying shoulder and sleeve scales 臂袖葉入絲)
Heavenly silver 天銀: 3 ryang 1 chŏn (for 36 kae of tansuk 丹椒and “stirrup-shaped iron pillar” 鐙子柱鐵)
Bark of camphor tree樟皮: 3 ryŏng
Arsenic 砒礵: 1 chŏn
Cinnabar 鵬砂[丹砂]: 2 chŏn

Metal caster assistant 鑄匠助役: 10 days of salary 料布
Silver smith assistant 銀匠助役: 2 months of salary 料布
Leather artisan 皮匠: 2 artisans; 2 months and 5 days of salary 料布
Roundneck artisan 頭口匠: 2 months of salary 料布
Shoulder and sleeve polishing artisan 臂袖磨洗匠: 1 artisan; 1 month and 20 days of salary 料布
Armorer 甲匠: 2 artisans; 1 month of salary 料布
Sewer 縫造人: 2 p’il of dark silk 玄木 and 6 tu of rice 米



Source: Ŏyŏngch’ŏng kusingnye, togŭm p'igap 鍍金皮甲. 

[bookmark: _Toc37456287]Table 14. Table of Contents in the Formulae on Iron
	Section Title
	Content Summary

	Yield from gradually decreasing by melting 100 kŭn of raw iron 薪鐵一百斤鍊鎔遞減所出
	Explains the volume of refined iron that can obtained from melting 100 kŭn of raw iron 薪鐵

	Formula for breaking up iron
解鐵法數
	Organized information on the types and weights of iron that emerge at different stages of forging and metal processing. Uses 1 ryang of refined iron 正鐵as standard to calculate proportions for other types.

	On casting metal 鑄鐵式
	More specific details on how to transform one metal type to another and the required knowledge of still more subdivisions of iron types as well as associated weights and weight loss during processing.

	On making crude iron 麁造解鐵
	

	On making refined iron 正造解鐵
	

	On making double-refined iron 正正造解鐵
	

	On making extremely-refined iron 極精造解鐵
	

	Artisan salary and charcoal for work 冶匠料布及役炭
	Rubrics for disbursing salary and charcoal to artisans

	Distribution of iron and artisanal work 鐵物分等兼冶匠工役
	List of material ingredients and human labor (artisan types) for making each of the iron types listed above

	Precedent of iron that goes into one musket鳥銃一門新造所入鐵例
	List of different iron types and weights for making the said artifact


	Precedent of iron that goes into one sword blade還刀刃一柄新造所入鐵例
	

	Prices for Iron at the Division Workshop 營鐵價折
	Prices for different types of iron



Source: Ch’ŏlsik.


examined above.[footnoteRef:368] In concrete terms, it goes beyond simply listing ingredients and organizes information in “actionable” categories that are more meaningful for the managing officer. Namely, the keeper of this notebook can easily reference every type of iron used at the workshop, its associated weight (and weight loss in the forging process), and even rubrics and schedules for paying artisans and assigning amounts of fuel (Table 7).[footnoteRef:369] In comparison, if the compilation books were reference materials for the division as a whole, notebooks such as Formula on Iron were specific to the production studio. Although this notebook still seems to be an edited and tidied up extracts of the messy notes that transpired at the studio, it is nonetheless precious evidence of the practice of craft knowledge in the division workshops. That this knowledge was truly knowledge in action can also be identified by the hints dropped by its unidentified author to his successor manager. [368:  	Ch’ŏlsik 鐡式 [Formulae on Iron] (n.p., c.1800), Changsŏgak Collection, K2-3601. Compare this notebook with the compilation books that list more high-level extracts. Kŭmwiyŏng sarye ch’o, T'ach'ŏlssik 打鐡式; Ŏyŏngch’ŏng singnye, Sinch'ŏl t'ajosik 薪鐵打造式.]  [369:  	We will revisit these in detail in Chapter 6, but for our purposes here, it suffices to understand the structure—and nature—of the craft knowledge at hand (see Table 7).] 

For metalwork [at the workshop], there is generally no labor or charcoal needed to break up the pig iron ingots, but we cannot but undertake this when it comes to large manufacturing runs: take 31 jin and 4 ryang of pig iron and task a team (p'ae) of blacksmiths to break it up in a day's work; also, give 2 sŏk of charcoal for artisan salary and fuel and adjust this according to the [total] weight of pig iron to be processed—that is, give 2 pŭn in money as artisan salary per every jin [of pig iron] and 9 tu 6 sŭng for every 10 jin. This should be the formula because if not, the artisans feel oppressed and regular work cannot be expected.[footnoteRef:370] [370:  	Ch’ŏlsik, Yajang ryop’o kŭp yŏkhoe 冶匠料布及役炭.] 


[bookmark: _Toc16425807]As shown, the level of empiricism and technical planning on the shop floor was rigorous. The authorial voice that comes through in these notes also add weight to the author as managing officer.[footnoteRef:371] [371:  	The practice of keeping lists of ingredients can be seen as early as the mid-1600s and it is difficult to establish military officers as originators of the knowledge practice. Similar practices of technical documentation can be seen in other settings (government directorates) and by other middling experts too, but the sheer depth and diversity of data associated with the divisions suggests that their workshops—and managing officers—were particularly vigorous in putting them to practice.] 

Finally, any doubts about attributing these writings can be cleared if we consider the works of officers outside of the divisions. There is a rare manuscript by petty naval officer Chang Ŏnmyŏng (張彦明, fl. 1822) who oversaw the construction of a new convoy ship in 1822 Pusan, a port city on the southeastern tip of the peninsula. In it, we find the full-array of craft writing that transpired at the hands of the managing officer: a diary of events at the shop, list of ingredients, drawings, and numerical specifications. To illustrate the granularity of this data, one need to go no further than the list of ingredients, which is in fact so detailed that it has subsections on timber logs, iron nails, miscellaneous wood parts, and miscellaneous iron parts: each and every component is measured and documented—down to, for instance, the length, width and depth of iron nail and seven different types at that.[footnoteRef:372] [372:  	Chang Ŏnmyŏng 張彦明, Hŏnsŏng yugo 軒聖遺槁 [Bequeathed Manuscripts of Chang Ŏnmyŏng] (Pusan: n.p., 1822), Private Collection of Chang’s descendent, Yi Kwanghyŏn living in Kosŏng, Southern Kyŏngsang Province.] 

Together with other notebooks we have examined, Chang’s writing shows the full extent to which officer-managers had to engage with technical know-how. Sifting through his manuscripts, however, we realize that even such rigorous knowledge practices were not enough: alongside his meticulous notes, Chang felt compelled to include drawings of the ship to be made, namely, a blueprint for its hull (chosŏn sik 造船式; Figure 24), the deck floor plan (sangjang sik 上粧式) and a draft of the helm (ch’imok sik 鴟木式). This practice of drafting, as we will see next, was another crucial craft for the officer-manager.



[bookmark: _Toc16861650][bookmark: _Toc17381497]Technical Drawing

	In order to understand technical drawing as an officer’s craft, we must begin with a note on the visual practices of military practitioners in general. After the introduction of practical manuals such as the New Book and its Korean variant—Guide to the Military Arts, the nature of occupational training for officers changed significantly in the late Chosŏn. Namely, as intellectual historians have amply recognized, military knowledge became increasingly specialized and technical. What they have missed, however, is the visual aspects: the texts that officers studied were now becoming fraught with images, mostly diagrams of battle formations but also drawings of military artifacts of various kinds.
[bookmark: _Ref38577410]	Regarding the former, all officers were trained to know the formations by heart and draw them out on paper. Namely, it was convention by the late 18th century to hold drawing tests during regular skill reviews and promotions exams. In most cases, these tests were simply referred to as “explaining formations” or “testing formations” (kangjin 講陣, sijin 試陣), and it is easy to miss the visualization aspects.[footnoteRef:373] Yet, sifting through the Garrison Records, we find unequivocal evidence of their true content: “repeating the drawings of formations from memory” (chindo paesong 陣圖背誦).[footnoteRef:374] Specifically, these tests had a set of formations drawn by lot (ch’usaeng 抽栍) from the Guide to the Military Arts and their titles written onto the test papers handed out to the examinees; the officers then attempted to illustrate the formations and write in labels and  [373:  	Kŭmwiyŏng tŭngnok, 1841/2; Ŏyŏngch’ŏng tŭngnok, 1781/2/18; Hun’guk ch’ongyo, Sisakang sik 試射講式. In the middle of the 18th century, there were a number of measures taken to hold the military officers to a higher standard of military knowledge by enforcing these exams. See, for example, Ŏyŏngch’ŏng tŭngnok, 1748/11/6.]  [374:  	Ch’ongwiyŏng tŭngnok, Kangsa 講射. In another clear example, these drawing tests were also referred to as “testing formation drawing every ten days“ (chindo sunsi 圖陣旬試). Ŏyŏngch’ŏng tŭngnok, 1781/2/18.] 








[bookmark: _Ref37430926][bookmark: _Toc37456634]Figure 24. Blueprint for Ship Hull. In Bequeathed Manuscripts of Mr. Hŏnsŏng (Hŏnsŏng yugo 軒聖遺槁) by a petty naval officer Chang Ŏnmyŏng (張彦明, fl. 1822). Private Collection of Chang’s descendent, Yi Kwanghyŏn. Kosŏng, Southern Kyŏngsang Province.


associated details from memory.[footnoteRef:375] Intriguingly, this requirement for rote memorization (lit. “turned-back recitation,” paesong) was unique to the drawing tests: other parts of the military curriculum were generally reviewed with an “open-book” reading (myŏngang 面講, imgang 臨講)—with the examinee facing the examiner and voicing the text with interpretation.[footnoteRef:376] [375:  	For vivid details, see scholar Chŏng Yakyong’s writing. Chŏng Yakyong 丁若鏞, Kyŏngse yup’yo 經世遺表 [Design for Good Government], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 24–6 (Minjok Munhwa Ch’ujinhoe, 1978 [originally compiled in 1817]), f.15, Hagwan sujae 夏官修制, Mu 武. Also see Ch’ongwiyŏng tŭngnok, 1841/2; Kŭmwiyŏng tŭngnok, 1841/2.]  [376:  	See footnote 375. While historians have so far neglected to study this kind of military visualization as a knowledge practice, it was considered important enough at the time that a collection of formations was colorfully illustrated and displayed at royal palaces as screen panel paintings. At the Changdŏk Palace, namely, was an extensive sixteen-screen panel (eight sets of two each) that were meant to surround the viewer in all four directions. See items titled Yŏngjinch'ongdo karigae (영진총도 가리개) in the National Palace Museum of Korea. There is another panel screen painting of military drill kept at the Korean National Naval Musuem, titled “Navy Drill Panel Screen Painting” (Sugun choryŏnto byŏng 水軍操練圖屛).] 

	In addition to formations, officers also had to familiarize themselves with a myriad of military artifacts. To be sure, knowing these artifacts by heart was not part of the formal curriculum or tested in the exams. Still, in an effort to keep up with the changes in their profession, some officers found it helpful to organize the various weapons and devices visually. In one example titled Flag Methods (Kijae 旗制), an unidentified officer depicted—and even colored in—dozens of artifacts, starting with an array of flags but also moving onto guns, signaling instruments, close-combat weapons, crossbows, bombs, and so on (Figure 25). Considering that most of these artifacts trace back to well-known military manuals, the manuscript was indeed a notebook of sorts, where its keeper organized—and in case of a lack, drew in—the many artifacts encountered during his studies.[footnoteRef:377] [377:  	No Yŏnggu 노영구, “Ilbon Osak’a purip tosŏgwan sojang Kije ŭi ch’ejae wa naeyongsang t’ŭkching 일본 오사카부립도서관 소장 기제의 체제와 내용상 특징 [Layout and content of Flag Methods stored in the Osaka prefectural library of Japan],” Minjok munhwa yŏn’gu 71 (2016).] 

We will likely never know who kept these notebooks, although in some cases, officers left their style name on the cover, allowing us to identify them.[footnoteRef:378] Still, the practice was not uncommon for military practitioners. In another notebook—or more specifically a book of drill procedures (Sŭpcho chŏlmok 習操節目), one officer drew in small sketches between the text of what seems to be military artifacts and formations (Figure 26). Also, as late as the 1870s, a certain Mr. Yi who worked in the Military Training Agency left many crude—and perhaps humorous—drawings in Essentials of Military Knowledge (Yungsŏ ch'waryo戎書撮要) (Figure 27).[footnoteRef:379] Finally, General Cho Usŏk (趙禹錫, 1782–1863) made dozens of drawings in his manuscript, Essentials of Military Preparedness (Mubi yoram 武備要覽), showing that even a military aristocrat who held high ranks such as chief military officer would engage in similar practices.[footnoteRef:380] [378:  	The Flag Methods can be attributed to an officer in the Dragon and Tiger Division (Yonghoyŏng 龍虎營) and was likely written between the years 1754 and 1770: at the end of the 56-page manuscript are jottings of administrative information regarding the said division and we can find this kind of identifying characteristics in other officers’ notebooks. For another example of an officer’s notebooks with similarities—that is, jottings of administrative information at the end, see Kang, Yaksan hogo.]  [379:  	Drawing shown in Figure 27 was taken from Mao’s Compilation of Military Preparedness. C.f. Mao Yuanyi 茅元儀, Wu bei zhi 武備志 [Compilation of Military Preparedness] (Haikou Shi: Hainan chu ban she, 2001), vol. 356, 54.]  [380:  	Cho was a military aristocrat from the P’yŏngyang Cho military lined based in Seoul. Park, Between Dreams and Reality, 137. Park argues that what Cho displayed in the manuscript was a form of “classical military knowledge” that was “important to being a Confucian general.” This, however, does not recognize the vast military science encyclopedia that Cho consulted such as the Compilation of Military Preparedness (Wu bei zhi 武備志). The latter counts among the rise of new practically oriented military knowledge that is differentiated from knowledge of ancient military classics.] 

	There is more to be said on these visual practices, especially if we go beyond notebooks and consider actual military treatises that officers authored and published with their own drawings of formations and artifacts.[footnoteRef:381] For our purposes, however, it suffices to understand that interacting with visuals was a routine matter for knowledge practitioners in the military. [381:  	Pyŏn Chinyŏng 邊震英, Nohae 弩解 [Explaining the crossbow] (1729 [originally 1727]), National Library of Korea, han kocho 77-5; Yang Wan 梁垸, Akki tosŏl 握奇圖說 (early 19th century), Museum of War Collection.] 




[bookmark: _Ref37431603][bookmark: _Toc37451036]Figure 25. Flag Methods. Osaka Prefectural Nakanoshima Library, Osaka, Japan. A picture book with drawings of military artifacts and their specifications. At the top are illustrations of the Great Banner (chwadokki 坐纛旗) and the Chief Military Officer’s Flag (chunggun yogi 中軍腰旗). Below shown arrowed melee weapons (pich'ang 飛鎗, pido 飛刀, pigŏm 飛劒), the spurt tube (punt’ong 噴筒), small moat wall (umajang 牛馬墻), and hanging lamp (hyŏndŭng 懸燈). 
	


[bookmark: _Ref37431583][bookmark: _Toc37456636]Figure 26. Procedures for Drill. Korean Army Museum, Seoul, South Korea. In Book of Drill Procedures, a portable manual with essential information on military drill for purposes of study or use in the field. Contents were drawn from the Guide to the Military Arts. 



[bookmark: _Ref37431557][bookmark: _Toc37456637]Figure 27. Drawing of Gunpowder-Propelled Arrows. National Library of Korea, Seoul, South Korea. In Essentials of Military Knowledge, a manuscript kept by a certain Mr. Yi in the Military Training Agency around 1867.
	Returning to the shop floor, we can surmise that officers practiced a more exacting approach that we may call drafting—a skill I define as a more rigorous drawing activity aimed at actually materializing the subject being portrayed. As early as the 15th century, artisans and scholar-managers in the Government Arsenal began to draft (See Chapter 3). In the late Chosŏn period, this practice now flourished at the hands of military officers, which we can confirm through various individual cases. Here, three main enhancements that officers made to this craft are identified: 1) modularization, the breaking down of complex designs into parts, 2) in-drawing specifications, the writing of measurements and dimensions into the draft itself, and 3) three-dimensional rendering, the redrawing of originally flat designs with deeper perspective.[footnoteRef:382] [382:  	Drafting can be identified as a military officer’s craft in numerous examples. In the early 1720s, military specialist Yun Pilŭn (尹弼殷, 1665–c.1756) was raised to the position of special military officer (pyŏlgunjik 別軍職) for submitting illustrated treatises of military machines that he had invented. Yun’s skill of drafting and conveying designs that were easy to grasp in a single glance was a crucial attribute to his success. See PT, 1729/6/22: 所上陣圖及器械圖形, 下于各軍門, 使之一番試用, 以驗其善否, 而去取之爲白乎旀, 弼殷段付料於軍門當窠事; SJW, 1729/9/13: 特除湖西閑良尹弼殷別軍職; 1734/5/10: 尹弼殷所畫進車制, 雖爲一得之見. Returning to our exemplary Ch’oe Chŏnyak, we can also establish a strong link between drafting and military practitioners who served as special inspectors in particular. Namely, in 1739 when Ch’oe oversaw the construction of a royal tomb, the two skills he contributed were drafting (kihwa 起畫) and engraving (chotak). That these tasks required high precision and could not be entrusted to the stone masons directly is made clear in another episode. Eight years prior, King Yŏngjo (英祖, 1724–1776) was evaluating Ch’oe’s work at another tomb and he asked, “Did the stone masons do the drafting?” To this, the official in charge of the directorate responded: “No, it is Ch’oe and his group; the masons cannot.” See Kim, “18 segi chogakka,” 127. For the close relationship between drafting and engraving, see Kungnip Munhwaje Yŏn’guso 국립문화재연구소, Chosŏn wangnŭng sŏngmul chogaksa 조선왕릉 석물 조각사 [Stone sculptures in royal tombs of the Chosŏn dynasty] (Taejŏn: Kungnip Munhwaje Yŏn’guso, 2017), 165. Drafting was in fact a defining skill for the special overseer role and other officers too exercised managerial expertise by mastering the craft of drafting. Hŏ Kyu (許圭, active 1754–1802), for instance, was a peer of Ch’oe’s in the various government works of the mid-18th century and he drafted regularly. In 1776, when King Yŏngjo passed, he acted as special overseer to make a prototype (chul kyŏnyang 出見樣) for his coffin: entering the royal chambers, Hŏ drafted the object while specified that the dimensions would be seven ch’ŏk long, two ch’ŏk and one ch’on wide, and one ch’ŏk and two ch’on high. In 1763, when he accompanied a Korean envoy to Japan as artillery officer (Pyŏlpajin 別破陣), he was also tasked with observing the ingenious water wheels encountered en route. Near the Hachiman mountains, he saw a water-operated stamping mill with an elaborate arrangement of gears and pestles and remarked confidently that the “useful machine” (ho kikye 好器械) could be transmitted to Korea upon their return (kwijŏn cheyang 歸傳製樣). “I have scrutinized its methods and dimensions,” he said “and also made a model drafting (mohwa 模畫), so if only I can get several hundred nyang of money, it can be done.” SJW, 1776/3/6; Cho Ŏm 趙曮, Haesa ilgi 海槎日記 [Diaries of Trip to Japan], reprinted in Sahaengnok haehaeng ch’ongjae 사행록 해행총재, vol. 11 (P’aju: Han’guk haksul chŏngpo, 2008 [originally 1763]), 1764/1/27.] 

	Let us examine the evidence. So far, three illustrated books (one printed, and two as manuscripts) have been discovered that trace back to the division workshops. Essential Weapons for the Military Commander (Yungwŏn p’ilbi 戎垣必備), for one, was made in 1812 by managing officers at the Special Manufactory, a directorate that was temporarily attached to the Military Training Agency. Two manuscripts—the Newly Made Weapons at the Military Training Agency (Hun'guk sinjo kun'gi tosŏl 訓局新造軍器圖說) and Newly Made Machines at the Military Training Agency (Hun'guk sinjo kikye tosŏl 訓局新造器械圖說)—were created between 1867 to 1869 also at the same agency.[footnoteRef:383] These books have been misattributed to scholar-generals that directed the divisions, but a closer look shows that their authors were likely middling officers who managed the production of the artifacts drawn in them.[footnoteRef:384] [383:  	Yungwŏn p’ilbi 戎垣必備 [Essential Weapons for the Commander] (Special Manufactory, 1813), Toyo Bunko Collection, VII-3-127; Hun’guk sinjo kikye tosŏl 訓局新造器械圖說 [Newly Made Machines at the Military Training Agency] (n.p., 1867–1869); Hun’guk sinjo kun’gi tosŏl 訓局新造軍器圖說 [Newly Made Weapons at the Military Training Agency] (n.p., 1867–1869). For an existing work on the manuscripts—Newly Made Weapons and Newly Made Machines—see Yŏn Kapsu 연갑수, “Taewŏn’gun chipkwŏn’gi mugi kaebal kwa oeguk kisul toip: hun’guk sinjo kun’gi tosŏl kwa hun’guk sinjo kigye tosŏl e taehan punsŏgŭl chungsim ŭro 대원군 집권기 무기개발과 외국기술 도입: 훈국신조군기도설과 훈국신조기계도설에 대한 분석을 중심으로 [Weapons development and adoption of foreign techniques during T’aewŏn’gŭn’s regency: focusing on the analysis of the Newly Made Weapons and the Newly Made Machines],” Yukkun Pangmulgwan Hagyeji 9 (2002). Remarkably, the three books were deeply related in not just their institutional affiliation but also content: almost all of the drawings included in the Essential Weapons were redrawn in the Newly Made Weapons.]  [384:  	Essential Weapons has been attributed to General Park Chongkyŏng (朴宗慶, 1765-1817) of the Military Training Agency, but its actual authors—and certainly the drafters of drawings therein—were not General Park. In fact, in the preface to this work, which General Park wrote, he confessed his ignorance of military matters—given his background in civil matters. Instead, in 1812, managing officers Kang Sin and Kim Chongil were selected as “knowledgeable and wisely skillful” people who were apt to lead production at the Special Manufactory Agency, established after the shock of the Hong Kyŏngnae Rebellion earlier that year. We know nothing about Kim Chongil at this point but Kang Sin is none other than the military officer we examined above: he was the secondary son of the renowned scholar-official and painter Kang Sehwang, and is likely the drafter of technical drawings in this book. See Yungwŏn p’ilbi, Sŏ 序. Also see footnotes 115 and 160. For representative work on the Hong Kyŏngnae Rebellion, see Kim, Marginality and Subversion in Korea. The other two manuscripts are attributed to General Sin Hŏn (申櫶, 1810–1884) and while he may well have contributed as draftsman (given that he too was a talented painter), he cannot be singled out as author. There are multiple handwritings, for instance, and other details in the marginalia indicate that the manuscripts were institutional creations that were meant to be kept at the divisions for reference. The authors and drafters then were presumably the officers who actually managed the production of artifacts included in the manuscripts.] 

	Take first the technique of modularization. In Korea, the use of modular drawings goes back to at least to the early 15th century with the Records of Gunpowder Weapons. In the three books we examine, however, the technique is applied more formally and with greater consistency. Namely, in breaking down the object, there are now categories such as full view (chŏndo 全圖) and separate view (pundo 分圖). This is a more recent practice that originated from Korean encounters with Jesuit scientific texts and military encyclopedias from China in the 18th century, but the technique was applied agentively by Korean drafters and more consistently on a broad range of artifacts.[footnoteRef:385] Consider, for instance, the wooden tiger wagon (mok hwasuch'a 木火獸車), a gun-loaded carriage device that was drawn in the Essential Weapons. Compared to the crude original found in Compilation of Military Preparedness (Wu bei zhi 武備志)—a wide-ranging military scientific encyclopedia, the Korean version is divided into modules: there are now eight separate views—the fire beast, its wings, the speared flag, wooden platform, handles, wheels, and musket barrels (Figure 28).[footnoteRef:386] [385:  	The use of modularized drawings is common in the New Book and the Compilation of Military Preparedness. An interesting difference, however, is that Chinese generally preferred to use terms like full shape (quanxing 全形, quanzhi 全製) and separated shape (fenxing 分形).]  [386:  	Yungwŏn p’ilbi, f. 2, Mok hwasuch'a 木火獸車, 24–5. C.f. Mao, Wu bei zhi, vol. 356, 103–4.] 

	These modular drawings are traces of the officer’s attempt to comprehend the foreign object by breaking it down into manageable chunks. Put another way, the process involved working drawings—that is, redrawings of drawings to isolate essential parts, close-up on a





   

[bookmark: _Ref37431743][bookmark: _Toc37456638]Figure 28. Modularization of the Wooden Tiger Wagon. The drawing on the left is the original design found in the Chinese encyclopedia, Compilation of Military Preparedness. On the right is the Korean redrawing into eight different modules, found in the Essential Weapons.
difficult section, or reassemble the design. Unfortunately, these sketches from the spur of the moment have not survived,[footnoteRef:387] but we know that a similar process occurred in 1796 with the Korean translation of Western pulley machines from a Jesuit text on machine science—a process that also resulted in several modular drawings.[footnoteRef:388] From a practical standpoint, the practice of modularization was also useful for organizing production at the shop: the modules were essentially parts to be allocated as individual tasks (or bundle of tasks) to appropriate artisan groups. [387:  	It is noted in the preface that the drawings were “redrawn” (pok tohyŏng 復圖形) for the publication of the Essential Weapons. This means that there were actual notebooks kept during the production stage that served as the basis for redrawing. Yungwŏn p’ilbi, Sŏ 序.]  [388:  	In 1796, scholar Chŏng Yakyong was tasked with studying a technological treatise by Jesuit missionary Johann Schreck (1576–1630) known by its full name as Diagrams and explanations of the wonderful machines of the Far West (Yuanxi qiqi tushuo luzui 遠西奇器圖說錄最). After finding that the entries on pulleys would be useful for military studies, Chŏng had painter Kim Saeng redraw the drawings onto his personal notebook, which he titled Brochure of Strange Machines (Kikitoch’ŏp 奇器圖帖). Remarkably, as we can see from the final product that emerged, the scholar eventually had more drawings generated, using techniques of close-up and cutaway as well as going from about three original Jesuit drawings to modularized drawings with more than dozen parts. The feat was possible thanks to some technical skill on Chŏng’s part to rearrange the model, but also to painter Kim and others who helped in drawing. Chŏng Yakyong 丁若鏞, Chŏngbon Yŏyudang chŏnsŏ 定本 與猶堂全書 [Corrected Edition of the Complete Works of Chŏng Yakyong] (Tasan Haksul Munhwa Chaedan, 2012), vol. 2, 231–6; vol. 3, 133.] 

	A second technique was to write in numerical specifications onto the draf itself, another practice that Koreans learned from Chinese and Jesuit texts in the late Chosŏn period. Generally, technical drafts contained labels on each part and the dimensions for that part was specified in writing separately. In our books, however, specifications such as length, width, height, and diameters were written alongside each part within the drawing, making all the basic manufacturing essentials appear in one glance. The technique can be seen with the wooden tiger wagon mentioned above—where each module was specified not just with part labels but also dimensions. The contrast is starker, however, when we compare designs that were copied exactly by Korean drafters from Chinese originals yet with only the numerical specifications added in. Shown in Figure 29, for instance, is a type of gun-loaded fire lance, or “fire dragon blade” (火龍刀, C: huo long dao, K: hwaryongdo). Compared to the Chinese original, this artifact was drawn in the Newly Made Weapons with the measurements of each part—and distance from one to another—written onto the draft itself.[footnoteRef:389] As hinted, this was a Chinese practice and the same encyclopedia from where the Korean drafters derived also deployed the technique; but as with modularization, the difference was in consistency.[footnoteRef:390] [389:  	Hun’guk sinjo kun’gi, Hwaryongdo 火龍刀. C.f. Yungwŏn p’ilbi, f. 2, 31; Mao, Wu bei zhi, vol. 356, 67.]  [390:  	This is not to suggest that the practice was absent in the Chinese originals. For complicated designs, the Chinese, too, added numerical specifications although less frequently. In the Korean drafts, even relatively simple objects were sometimes added with specifications. For Chinese examples, see Mao, Wu bei zhi, vol. 356, 60–1. Comparing the Chinese and Korean versions, however, we find that the latter were much more rigorous and consistent in adding numerical specifications onto the drafts.] 

	With some imagination, we can surmise that the technique allowed the managing officer to grasp the overall intent of production without having to flip pages and retrieve the specifications from the meandering text. If not for this functional purpose, the technique was a superfluous addition—like that of shading techniques by engineers of 18th century France: the text in literary Sinitic differentiated the craft of the officers from that of the workmen, embodying a way to “master” the knowledge of production as a technical expert rather than manual producer.[footnoteRef:391] Finally, that these drawings were indeed deeply connected to the production process itself can be confirmed with the fact that the Korean officers also prepared the list of ingredients for the fire lance. This list was not included in the Chinese encyclopedia and it shows the highly practical nature of craft knowledge at the division workshops.[footnoteRef:392] [391:  	Writing in numerical specifications is in a sense an unnecessary activity, but a close parallel of such superfluous additions can be found in Revolutionary France where military engineers—to set themselves apart from the workmen—invented the practice of shading. We may surmise that for the managing officers, this was a similar mode of differentiation except that they were drawing on literacy rather than math, a more elite form of expression. Alder, Engineering the Revolution, 56–86.]  [392:  	Yungwŏn p’ilbi, f. 3, 25. C.f. Mao, Wu bei zhi, vol. 356, 67.] 

   
[bookmark: _Ref37432147][bookmark: _Toc37456639]Figure 29. Writing in Numerical Specifications. These are drawings of a type of gun-loaded fire lance, or “fire dragon blade” in respectively, the Chinese encyclopedia Compilation of Military Preparedness and the Korean Newly Made Weapons. In the latter, measurements were added on either side of the lance in literary Sinitic. On the leftmost column is written, “Made in 1812 during King Sunjo’s reign under General Pak Chonggyŏng,” referring to the production by the Special Manufactory established at the time. This production was the result of the Essential Weapons and the drawing we see here was in fact a redrawing of a Korean drawing, which was in turn based on a Chinese original.
	Finally, some drawings were restructured into three-dimensional drawings. In the drafting cultures of China and Korea, the multi-dimensionality of objects was not always captured entirely due to the widespread use of woodblocks rather than copper engravings (as in Western Europe).[footnoteRef:393] Still, with deft hands that drew the design first with brush and paper, flat designs did come to life, compromised as they may have been when imprinted onto woodblocks. [393:  	Peter J. Golas, Picturing Technology in China: From Earliest Times to the Nineteenth Century (Hong Kong: Hong Kong University Press, 2014).] 

	For this, the Newly Made Machines furnishes us with two examples. Consider first the six-stave cannon (六合銃, C: liu he chong, K: yukhapch'ong), a wooden cannon built like a proverbial wine barrel. In the Chinese original, the drawing of this artifact in somewhat confusing, with only a cross section view and separated views; and it compels the viewer to follow the text in the following pages, flipping back and forth to visualize the artifact at hand. In the Korean case, however, the design was rendered significantly more lucid through a simple three-dimensional full view (Figure 30).[footnoteRef:394] In another example, the pulley machine (kŏjunggi 擧重機) underwent a similar process of restructuring by the Korean drafter: a flat design found in a Chinese text known as the Illustrated Treatise on the Maritime Kingdoms (Haiguo tuzhi 海國圖志) was rendered into a deeper perspective (Figure 31). [394:  	Hun’guk sinjo kikye, Yukhapch'ong 六合銃; Mao, Wu bei zhi, vol. 356, 67.] 

	Compared to the craft of modularization, these practices of redrawing in another dimension was a way to simplify: the six-stave cannon was assembled into fewer and more comprehensible drawings, and the pulley was also simplified such that the drafter even explained the lack of separated views, saying: “I will not separate and draw because looking at this draft, it is all clear (namdo chamyŏng 覽圖自明).”[footnoteRef:395] [395:  	Hun’guk sinjo kikye, Kŏjunggi 擧重機.] 

   

[bookmark: _Ref37453459][bookmark: _Toc37456640]Figure 30. Deep Rendering of the Six-Stave Cannon. On the left is the Chinese original found in the Compilation of Military Preparedness. Library of Congress, Washington D.C., USA. On the right is the Korean version in the Newly Made Machines. Korean Army Museum, Seoul, South Korea. The six-stave cannon is made up of six wooden pieces assembled around a short iron tube and then reinforced with iron hoops. The cannon was mounted on small boats.






[bookmark: _Ref37453466][bookmark: _Toc37456641]Figure 31. Deep Rendering of the Western pulley. Drawing on the left is the Chinese original in Illustrated Treatise on the Maritime Kingdoms, which was in fact labelled as “an imitation of a Western pully” (written on the top right). Kyujanggak Archives, Seoul, South Korea. On the right is the Korean version in the Newly Made Machines. Korean Army Museum, Seoul, South Korea. 
[bookmark: _Toc16425808][bookmark: _Toc16861651][bookmark: _Toc17381498]Conclusion

In Engineering the Revolution, Ken Alder coined the term “middle epistemology” to capture the distinct approach by artillery officers in Revolutionary France (1789–1799) to craft knowledge. The said epistemology—what we now call engineering—was “middling” in the sense that it sought to balance practice and theory, combining, namely, “the universal knowledge of the savant with the particularistic knowledge of the skilled craftworker.”[footnoteRef:396] In concrete terms, this intermediate nature was manifest in how the officers approached math and drawing: learning mathematics—a marker of merit in elite society there, the French officers developed a version of their own (applied math) that adapted to the practical problems of engineering on the shop floor; to differentiate themselves from the workmen, they developed techniques of geometrized technical drawings, which allowed them to “know” (and show) the craft of production better than their subordinates.[footnoteRef:397] [396:  	Alder, Engineering the Revolution, 60.]  [397:  	Ibid., 56–86.] 

	This chapter has shown that military officers in Korea too found a middle epistemology of their own. Although vast differences existed in the specific knowledge practices, Korean officers—like their French counterparts—were becoming middling technical experts in their own right, pursuing as they did an increasingly rigorous way of material and knowledge production. Their lack of engagement with mathematics, one might say, was a key difference that militated against the rise of formal engineering in Korea. At the root of the word, engineering, however, is a systematic approach to understanding machines and their making, and it stands to reason that these basic impulses were present in the Korean officer’s approaches. In fact, if as historians of science have shown, the combination of artisanal empiricism and scholarly intellection was indeed key to the rise of the new sciences and technology, Korean officers were undoubtedly one variation on this theme of global knowledge transformation.
This suggests, moreover, that the so-called “opening” of Korea in 1876 was an acceleration, not a rupture, of the longstanding processes on the peninsula that created intriguing connections and parallels with the early modern world. Namely, long before Korea’s direct encounters with modern science and technology emanating from Western nations in the late 19th century, knowledge practitioners in the division workshops were already addressing the similar problems of material and knowledge production that lay at the root of modern science and technology. To be sure, there were intriguing differences in the way that Korean officers approached technical documentation and drafting. Still, as with founding of the divisions—in itself a translation of foreign technology, the movement of military artifacts and techniques across the global early modern also set far-flung societies in similar (yet intriguingly divergent) paths. As we will explore further in Part III, Korean artisans and officers were becoming part and parcel of global knowledge transformations as they tried to make and understand foreign artifacts that circulated throughout the early modern world.[footnoteRef:398] [398:  	For a similar take on knowledge transformations in early modern Korea, see Marion Eggert, “Pak Chi-Wŏn, Ch’oe Han-Gi and Early Modern Transformations of Conceptions of Knowledge in Korea,” in The Dynamics of Knowledge Circulation: Cases From Korea, ed. Eun-Jeung Lee, and Marion Eggert (Frankfurt am Main: Peter Lang GmbH, 2016).] 

[bookmark: _Toc37456353][bookmark: _Toc37461040]Part III
[bookmark: _Toc37456354][bookmark: _Toc37461041]OBJECT
[bookmark: _Toc37461042]Chapter 5
[bookmark: _Toc37461043]The Gun in Motion: Between Bohemia and Korea

So far, this dissertation has demonstrated the culture of knowledge at the military workshops, tracing the skillful practices that arose at the hands of the Korean artisans and their supervisors. In this chapter and next, I continue to investigate these practices and practitioners yet with a new emphasis on the material objects that they helped create and understand. In particular, we focus on the matchlock musket, a military artifact that circled the early modern world and then entered Korea to become apprised and reconstructed at the local workshops.
This gun—named after its use of a match hammer to ignite the powder—was a key object in global and Korean history during the 17th century. Among various military novelties from this period, the musket distinguished itself as a radical machine that shaped—and was shaped by—revolutions in warfare across the early modern world, ranging from Western Europe to Japan and including just about every polity in between, such as Mamluk Egypt, Ottoman Turkey, and Mughal India.[footnoteRef:399] In Korea as well, the artifact was widely adopted from the 17th century onwards. Known as “bird gun” (choch’ong 鳥銃), it served as the primary projectile weapon for the Chosŏn military after the East Asian War of 1592–1598, and even defined the identity of major capital divisions in Seoul such as the Military Training Agency—also known as “capital gunners” (kyŏngp’o 京砲).[footnoteRef:400] [399:  	For examples of globalist discourse on the musket, see Geoffrey Parker, The Military Revolution: Military Innovation and the Rise of the West, 1500-1800 (Cambridge [England]; New York: Cambridge University Press, 1988); Kenneth Chase, Firearms: A Global History to 1700 (Cambridge: Cambridge University Press, 2003); Tonio Andrade, The Gunpowder Age: China, Military Innovation, and the Rise of the West in World History (Princeton; Oxford: Princeton University Press, 2016). On Japan, see Stephen Morillo, “Guns and Government: A Comparative Study of Europe and Japan,” Journal of World History 6, no. 1 (1995): 95–100; Delmer M. Brown, “The Impact of Firearms on Japanese Warfare, 1543–98,” The Far Eastern Quarterly 7, no. 3 (May 1948); Paul Varley, “Oda Nobunaga, Guns, and Early Modern Warfare in Japan,” in Writing Histories in Japan: Texts and Their Transformations From Ancient Times Through the Meiji Era, ed. James C. Baxter, and Joshua A. Fogel (Kyoto, Japan: International Research Center for Japanese Studies, 2007). Works on Mamluk Egypt, Ottoman Turkey, and Mughal India include, respectively: Barton C Hacker, “Mounted Archery and Firearms: Late Medieval Muslim Military Technology Reconsidered,” Vulcan 3, no. 1 (2015); Gábor Ágoston, Guns for the Sultan: Military Power and the Weapons Industry in the Ottoman Empire (Cambridge, UK; New York: Cambridge University Press, 2005); Iqtidar Alam Khan, Gunpowder and Firearms: Warfare in Medieval India (New Delhi: Oxford University Press, 2004).]  [400:  	No Yŏnggu 노영구, “16–17segi choch’ong ŭi toip kwa Chosŏn ŭi kunsajŏk pyŏnhwa 16-17세기 조총의 도입과 조선의 군사적 변화 [The Adoption of the Musket and Military Changes in the 16th and 17th Centuries],” Han’guk Munhwa 58 (2012). For a summary of the Korean historiography, see Kim Chinsu 김진수, “Chosŏn hugi choch’ong yŏn’gu ŭi hyŏnhwang kwa kwaje 조선후기 조총연구의 현황과 과제 [State of the Field on the Musket in the Late Chosŏn Period],” Kunsa yŏn’gu 139 (2015).] 

For too long, the musket has remained the sole staple of military historians. Namely, proponents of the so-called “military revolution” have ensnared it in an ongoing debate about the role of technology in changing military affairs. At the center of this scholarship is the radical notion that guns were the primary causative factor for a chain of socio-political developments, including the professional standing army, centralized bureaucracy, and even the modern nation-state.[footnoteRef:401] This view, however, has been challenged by historians of technology who pressed charges of determinism.[footnoteRef:402] The musket, they argued, had little to do with winning wars or building states; rather, its use and production was shaped by inter alia social values, state capacity, and material culture.[footnoteRef:403] The revisionists have rightfully recognized technology as a social product shaped by human agendas and agencies. Yet, they have also remained confined to the terms set by the initial debate prompt: the relationship between guns and states. [401:  	Michael Roberts, originator of this theory, held that the technical demands of musketry exerted selective pressures on European militaries to grow more professionalized and permanent—and the states that commissioned them to centralize. The conceptual link was made between guns, professional armies, and centralized states, and sealed with the following technical logic: because the musket was only useful when combined with infantry drill, it required permanent institutions to enforce practice; the fiscal and administrative demands of such institutions eventually “grew” the government into a modern nation-state. See Michael Roberts, “The Military Revolution, 1560–1660,” Inaugural Lecture Delivered before the Queen’s University Belfast, Belfast, M. Bond, 1956, reprinted in The Military Revolution Debate: Readings on the Military Transformation of Early Modern Europe, edited by Clifford J. Rogers (New York: Westview Press, 1995), 13–35. For other key works on the military revolution, see Geoffrey Parker, The Military Revolution; Rogers, ed., The Military Revolution Debate; Donald A. Yerxa, ed., Recent Themes in Military History: Historians in Conversation (Columbia: University of South Carolina Press, 2008), 11–48.]  [402:  	One of the main charges against the original Military Revolution theorists was that they attributed a “deterministic causal role” to military technology “without genuinely defining technology itself or its processes.” See Mark Fissel, “Military Revolution and the Revolution in Military Affairs,” in Oxford Bibliography in Military History (New York, NY; Oxford [England]: Oxford University Press, forthcoming). Also see George Raudzens, “War-Winning Weapons: The Measurement of Technological Determinism in Military History,” The Journal of Military History 54, no. 4 (1990).]  [403:  	Bert Hall, for instance, argued that centralized states made possible the adoption of guns rather than the other way around: the rise of large, state-commissioned standing armies in Europe was caused not by “technical and tactical necessities” of firearms warfare, but by socio-political and economic factors such as the “new ability of the early modern state to raise revenues.” Bert S. Hall, Weapons and Warfare in Renaissance Europe: Gunpowder, Technology, and Tactics (Baltimore, MD: Johns Hopkins University Press, 1997), 322–4.] 

This chapter starts fresh by moving the gun out of this debate and into the history of science and technology proper. Muskets present rich matter for understanding the global history of knowledge and artifacts across the early modern. If the existing scholarship has revealed one thing, it is that muskets spread far and fast around the world, becoming adopted by many hands. Beyond the scope of military history, then, how did this process look like from the perspective of the shop floor? Did artisans and practitioners—from locale to locale—impinge upon the emerging “global” technology, introducing new changes and ideas? How, if any, did these objects inspire the formation of ideas, skills, practices, and interactions with the material world along their journey?[footnoteRef:404]  [404:  	These questions are inspired by a recent work edited by Pamela Smith. Smith, Entangled Itineraries.] 

These questions lead us to address technology translation—that creative process by which an artifact moves from one context to another, carrying old knowledge as well as creating new ones. The process of translation necessarily embroiled—in the words of Pamela Smith—the “reciprocal engagement of humans and materials.”[footnoteRef:405] This engagement allows humans to investigate the properties of materials and in turn, engender new techniques, skills, and values around the said materials. [405:  	Smith, “Nodes of Convergence,” 8.] 

Korean efforts to assimilate the musket were likewise generative. In handling the foreign materiality, Korean artisans came to “know” it inside out and even retooled their workshops to fully assimilate the once-unfamiliar skills required in constructing it. Their specialist knowledge, as we will see, produced high-quality artifacts that were competent in global-historical standards, and gave rise to new identities on the Korean shop floor—including but not limited to borers, locksmiths, and screwsmiths. Finally, while some of the new knowledge remained in the hands of the Korean artisans, their supervisors—i.e., the officer-managers—also responded by keeping abreast of changes on the shop floor. With their typical attention to middling technical knowledge, they codified associated know-how in the form of recipes and manuals, as well as advancing new designs through the craft of prototyping.

[bookmark: _Toc30108318][bookmark: _Toc33283969][bookmark: _Toc34331783][bookmark: _Ref35104676][bookmark: _Toc37461044]The Kanghwa Musket

	In 1781, the Korean court sent thousands of weapons to Kanghwa, an island just off the western coast of the peninsula (approximately 30 miles from Seoul). The provision was a long-standing tradition at court to prepare for potential war by keeping surplus weaponry at the fortified island. This year, however, King Chŏngjo (正祖, r. 1776–1800) explained the less-than-usual amount sent to this Outer Armory (oemugo 外武庫): during the previous year, the story goes, a fire destroyed the warehouse that held supplies for the armory, and the Korean court had to tighten its belts to compensate. As part of this retrenchment, the newly-appointed magistrate (yusu 留守) of Kanghwa also took stock of the armory and repaired existing weaponry where necessary.[footnoteRef:406] [406:  	Ilsŏngnok, 1781/3/19: 予曰: 內軍器如干所儲, 藏置於時敏堂. 昨年回祿之時, 盡爲燒燼, 故今方更爲經紀, 欲下送江都, 而一朝一夕, 勢難造辨. 卿下去後, 外武庫所在軍器, 一一點閱, 如有年久不用者, 或修或改, 俾無拋置之弊也; Chŏngjo sillok, 1781/12/19: 藏儲軍器于江華府別庫, 諭留守曰: “內儲軍物及器用, 別置本府, 設施之法意, 可以仰認. 昔在列朝, 嘗已行之, 作爲故常, 而間因京用之浩多, 又經各庫之回祿, 餘存之數, 不啻千百之一. 予每有仰述舊例之意, 諸凡用道, 務從省約, 非曰節用, 亶欲繼志. 御極以後, 不無經紀物種, 而又於昨夏時敏之火, 盡入燒燼. 伊後更復留意貯置, 近始就緖.] 

[bookmark: _Ref38614088]This seemingly insignificant event furnishes us with a rare opportunity to connect textual and material sources for the Korean musket. Namely, there is a pair of Chosŏn guns—one in the Kanghwa War Museum and another in this author’s collection (Figure 32)—that bears an unequivocal reference to the special preparations made in 1781: etched on their wooden stocks in ink are the words—“Newly prepared in the year of sinch’uk [1781] and stored at the Kanghwa armory” (sinch’uk kaebi Kanghwago chang 辛丑改備江華庫藏).[footnoteRef:407] At the breech end of these guns is another confirmation of their provenance: there, the character mu (“military,” 武) is inlaid in brass, indicating the Government Arsenal (shortened as mugo 武庫) that supplied the arsenal (Figure 33).[footnoteRef:408] These two pieces are the first—and so far, the only—Korean muskets to be firmly datable: despite the wealth of inscriptions on Chosŏn artifacts, muskets are understudied because theirs occur on the underside of the barrel, rendering them undetectable without a disassembly. [407:  	The musket in Kanghwa War Museum is known popularly as “Kanghwa Musket” (Kanghwa Hwasŭngch'ong 강화화승총) and misdated to have been made in 1901. See Kanghwa Chŏnjaeng Pangmulgwan, 2016-yŏn Kanghwa Chŏnjaeng Pangmulgwan t’ŭkp’yŏl chŏnsi 2016년 강화 전쟁박물관 특별전시 [Special 2016 Exhibition at the Kanghwa War Museum] (Inch’ŏn Kwangyŏksi Kanghwa-gun: Kanghwa Chŏnjaeng Pangmulgwan, 2016). For evidence of reading sinch’uk as 1781, see Chŏngjo sillok, 1781/12/19: 名以辛丑別置條, 別定別軍職申應周, 賫奉標信, 兼領物件下去. 卿其照數領受, 與別軍職, 眼同藏于別庫後, 形止狀聞; PT, 1787/6/26: 以江華留守內武庫頹圮事狀啓, 傳曰, 待晴, 待別軍職下去, 卽爲修補, 奉命之多日留滯, 貽弊可悶, 一兩日內可以畢役乎, 辛丑別置條未及輸置者, 及伊後各年別置條, 同時運致, 此意回諭, 修補日字如不時急, 農歇時爲之似好, 酌量推擇, 內武庫外, 內帑各庫, 果無執頉處乎, 一體論理狀聞事, 回諭. There is also a Korean saber with the same inscription (Figure 34).]  [408:   	For practice of inscribing on musket barrels, rare details can be found in the regulation of 1729 (Figure 33). PT, 1729/5/25: 鳥銃監造邊首, 打造匠人, 鑽穴匠, 姓名及某衙門, 某年號, 刻于銃面, 以爲日後考覈處置之地爲白齊. Most inscriptions—i.e., name of supervising master artisan, blacksmith, and borer—were “carved” onto the surface of the barrel, as specified in the regulation. But the institutional mark (in this case, mu) was inlaid in metal. For use of brass, see Yi, Yanghodang ilgi, 1595/3/15.] 

Given the brittleness of centuries-old objects, museum curators understandably decline opening them up. But I disassembled my Kanghwa musket and discovered the following. By gently hammering out the wooden pins that enter from the sides of the stock, the barrel is released and lifted out. The first thing that comes into view are the squiggles on the interior of the stock, revealing inter alia the name of the master artisan who oversaw production (kamjo p’yŏnsu 監造邊首)—a certain Kim Sihŭng (金時興, n.d.). Turning the barrel over, then, reveals two other craftsmen: blacksmith Samch’ang (冶三昌 ya samch'ang) and borer Oksŏn (鑽玉善 ch'an oksŏn), who—as we will see—were responsible for forging the metal barrel and enlarging the bore, respectively (Figure 32).[footnoteRef:409] [409:  	For inscription practices, see footnote 409.] 

Moving beyond these names and towards the bottom of the barrel, we find a metal protrusion that seals it. This breech plug, upon retrieval, shows screwed threads around the top, which—contrary to the modern screw—move clockwise to enter and counter-clockwise to exit. In addition to the barrel, the lock mechanism—mounted onto the side of the stock—can also be undone. The brass lock-plate is fastened to the wood through round-headed bolts; pulling them out releases the match hammer—the piece that holds the match and plunges it into the powder pan (a small dish where priming for the main charge was placed), as well as the double-leaf spring—a U-shaped metal that loads the said hammer. Finally, by releasing the long bolt from 
the top of the stock, we can loosen the trigger—and along with it, the lever and sear mechanisms hidden inside the stock.[footnoteRef:410] [410:  	I am deeply indebted to historians Robert Elgood and Thomas Duvernay as well as antique specialists and restorers—Leonid Lantsman, Philip Tom, and Peter Dekker—for helping me understand this materiality and learn to disassemble the pieces.] 

How did this complex materiality come to form in Chosŏn Korea?





[bookmark: _Ref35105118][bookmark: _Toc37456642][bookmark: _Toc35117713][bookmark: _Toc35118072]Figure 32. Kanghwa Musket. Author’s collection. Shown are a full view of the musket followed by exterior inscriptions (ink etchings on the stock) at the top; close-ups of the matchlock mechanism in the middle; and the disassembled view at the bottom. 




[bookmark: _Ref35105242][bookmark: _Toc35117714][bookmark: _Toc35118073][bookmark: _Toc37456643]Figure 33. Institutional marks on Korean barrels. Respectively from left to right, two private collections (by the author and Leonid Lantsman), National Museum of Korea (sin 2276), Smithsonian Museum (E275033), and Leiden Museum of Ethnology (RV-666-132). Three barrels at the top show the mark mu (武) for the Government Arsenal, and those at the bottom kŭm (禁) for the Palace Guards Division (Kŭmwiyŏng 禁衛營).



[bookmark: _Ref35105310][bookmark: _Toc35117715][bookmark: _Toc35118074][bookmark: _Toc37456644]Figure 34. Kanghwa Saber. Kanghwa War Museum. Korean saber with writing in red ink. The text is identical to the one found on Kanghwa muskets—“Newly prepared in the year of sinch’uk [1781] and stored at the Kanghwa armory” (sinch’uk kaebi Kanghwago chang 辛丑改備江華庫藏).
[bookmark: _Toc30108319][bookmark: _Toc33283970][bookmark: _Toc34331784][bookmark: _Toc37461045]The Musket in Motion

[bookmark: _Toc30108320]This section traces the “entangled itinerary” through which the musket arose, moved, and eventuated in Korea.[footnoteRef:411] To date, the question of the musket’s origins has generated scholarship in several languages and disciplines, including but not limited to works by military historians, historians of diplomacy, globalist Anglophone historians, as well as museum curators and arms collectors across the globe.[footnoteRef:412] The key, however, is to open the “black box” of technology—in this case, undoing specimens and poring over material research on guns and gun parts. To that end, we turn first to the history of muskets and pinpoint the specific artifact that became the Kanghwa musket—the snap matchlock. [411:  	Smith, ed, Entangled Itineraries.]  [412:  	In Japanese, for instance, historians debated for nearly a century about who introduced the musket to Japan and when. For recent works, see Murai Shōsuke 村井章介, “Teppo denrai to Wakō seiryoku: Udagawa Takehisa shi to no tōron [Introduction of the Musket and the Influence of Wakō: Debate with Mr. Udagawa Takehisa] 鉄砲伝来と倭寇勢力: 宇田川武久氏との討論,” Bulletin of the National Museum of Japanese History 201 (March 2016); Udagawa Takehisa 宇田川武久, “Futatabi Tetsuho Denrai Ron : Murai Shōsuke Shi No Hihan Ni Kotaeru” ふたたび鉄炮伝来論 : 村井章介氏の批判に応える [Another Theory on the Introduction of the Musket: Responding to Murai Shōsuke’s Criticisms],” Bulletin of the National Museum of Japanese History 190 (January 2015). For works in English and Portuguese, see Olof G. Lidin, Tanegashima: The Arrival of Europe in Japan (Copenhagen: Nordic Institute of Asian Studies Press, 2002); Ian Bottomley, “Some Observations of the Origin of Japanese Guns,” The Armourer: the militaria magazine 52 (2002); Rainer Daehnhardt, Espingareda Feiticeira: A Introdução Da Arma De Fogo Pelos Portugueses No Extremo Oriente [The Bewitched Gun: The Introduction of the Firearm in the Far East By the Portuguese] (Lisboa: Texto Editora, 1994). Chinese historians discussed the same question for China with little resolution. Yin Xiaodong 尹曉冬, and Yi Degang 儀德剛, “Ming mo Qing chu Xi fang huo qi chuan hua de liang ge jie duan 明末清初西方火器傳華的兩個階段 [Two Stages in the Transmission of Western Firearms in the late Ming and early Qing],” Nei Meng gu shi fan da xue xue bao (Zi ran ke xue Han wen ban) 36, no. 4 (2007); Nan Bingwen 南炳文, “Zhong guo gu dai de niao chong yu Ri ben 中國古代的鳥槍與日本 [Musket in Premodern China and its Relationship with Japan],” Shi xue ji kan 2 (1994), 60–6.] 


[bookmark: _Toc33283971][bookmark: _Toc34331785]The Classic Gun

Historians have shown that by the turn of the 16th century, European guns matured into a classic form: whether cannon or handgun, they grew long and thin barrels, became lighter, and proved more powerful and accurate than their predecessors.[footnoteRef:413] This so-called “classic ordnance synthesis” was the result of a centuries-long experimentation by European artisans and practitioners.[footnoteRef:414] It would also define—for three more centuries—the shape and function of gunpowder weaponry in Europe and elsewhere. To date, this scholarship on the classic gun has focused mostly on the lengthening of barrels and on large artillery pieces that supposedly set the trend for handguns.[footnoteRef:415] But this has obscured another “classic” dimension to the gun as we know it today: a deadly weapon operated by the ease of a finger pull.[footnoteRef:416] [413:  	Andrade, The Gunpowder Age, 103.]  [414:  	Hall, Weapons and Warfare, 87–108. As recent works in global military history have shown, a similar trend also developed in contemporaneous China, albeit more slowly due to the relative lack of warfare there. Andrade, The Gunpowder Age, 103–23.]  [415:  	Andrade, The Gunpowder Age, 106. Also see Hall, Weapons and Warfare, 95.]  [416:  	Of course, loading and handling these guns were all but “easy” (i.e., involved more than a dozen steps), but the point here is about the moment of firing.] 

The invention of the trigger—or the lock mechanism, of which it was a part—began with small arms and then spread out. Before the said invention, the act of firing a handgun required juggling a metal barrel on one hand and a source of ignition (i.e., cinder or a red-hot rod) on the other—or obliging two people for the ordeal. But with the advent of the lock, a handgunner in the 16th century could now hold the piece steady with both hands (wrapped comfortably around a wooden stock that extended along and behind the length of the barrel), concentrate on taking aim, and just move a finger at the desired moment.[footnoteRef:417] Later, the lock system was adapted for large artillery pieces as well as for non-military devices such as animal traps and electromechanical switches still in use today.[footnoteRef:418] [417:  	Arne Hoff, “Late Firearms with Snap Matchlock,” in Four Studies on History of Arms (Copenhagen: Tøjhusmuseets Skrifter, 1963), 9; Howard Blackmore, Guns and Rifles of the World (London: Optimum Books, 1979), 9; Daehnhardt, Espingareda Feiticeira, 45–6; William Wellington Greener, The Gun and Its Development (New York: Cassell, 1910 [originally 1881]), 44–51.]  [418:  	For instance, European cannons were fired by connecting a slow-burning match to the touch hole in the breech. Later, the British Royal Navy and the US Continental Navy took the flintlock mechanism on a standard musket and attached it to a cannon breech.] 

Where and when did this technology first emerge? The venerable Joseph Needham once argued that the Chinese had invented it in the early 1400s and transmitted it westward.[footnoteRef:419] But ample evidence shows the contrary: the matchlock mechanism arose not in China, but in Europe and within a particular historical context that is 15th century Germany. To be sure, one can find precursors to the said mechanism in various cultures of crossbow-making.[footnoteRef:420] Still, artisans in the German-speaking world were unusually vigorous in experimenting with ignition systems for handguns, and they eventually developed the matchlock musket—the “first real gun-lock.”[footnoteRef:421] Why? [419:  	Needham argued that along with other Chinese inventions such as the mechanical clock, the blast-furnace, and block-printing, matchlock technology (i.e., simple serpentine) also spread westward to Europe around the turn of the century. His evidence is as follows: 1) philological and textual sources that trace back Chinese designs to the mid 1300s, “certainly well before 1400,” 2) long tradition of crossbow triggers in China (and more specific argument that discounts similar evidence from Western Europe), and 3) cluster of transfers in the late fifteenth century. For details, Joseph Needham, et al., Science and Civilisation in China (Cambridge: Cambridge University Press, 1954), vol 5, Chemistry and Chemical Technology, pt 7, Military Technology: The Gunpowder Epic, 459–65.]  [420:  	In fact, it lay close at hand for any crossbow-maker—whether European, Chinese, or Ottoman Turkish—to adapt the existing trigger system for guns. M. L. Brown, Firearms in Colonial America: the Impact on History and Technology, 1492-1792 (Washington: Smithsonian Institution Press, 1980), 25; Needham, et al., Science and Civilisation in China, 459–65.]  [421:  	Hoff, “Late Firearms,” 10.] 

The answer lies in German craftworkers who practiced a distinctive culture of prototyping in the 15th century. As historian Rainer Leng shows compellingly, blacksmiths and metalworkers in Southern Germany began to leave their traditional workplaces during this period and specialize in gunsmithing—a nascent field that paid well and allowed them to climb the social ladder. For various reasons—including but not limited to high mobility, potential danger for the loss of knowledge (due to accidents and wartime service), and requirement by contract to produce material proof of expertise, these emerging craftsmen then put pen to paper and produced sketches, recipes, and technical writing.[footnoteRef:422] This new culture of artisanship has left us with dozens of pictorial catalogues and personal sketchbooks. The manuscripts are highly unusual when compared to other occupations and certainly to other countries in Europe. “Although gunpowder technology had been common knowledge in Europe since the first decades of the fourteenth century, and many German master gun-makers served in other countries,” Leng notes, “no comparable manuscripts have been found in Italy, France or England.”[footnoteRef:423] [422:  	Rainer Leng, “Social Character, Pictorial Style, and the Grammar of Technical Illustration in Craftsmen’s Manuscripts in the Late Middle Ages,” in Picturing Machines 1400-1700, ed. Wolfgang Lefèvre (Cambridge, MA: MIT Press, 2004), 88-90. These manuscripts show an early shift made by German gunsmiths from a longstanding practice of transmitting craft knowledge orally, to one that recorded technical know-how on paper. It allowed for the ascendancy of “subliterate groups” like German artisans. As Leng put it, “these uneducated authors had just stepped out of an oral tradition in the direction of technical literacy.” Ibid., 88–9, 91.]  [423:  	Ibid., 87. There were also other reasons for the precocity of German gunsmithing. During the 15th century, “Germany” was fragmented into small city-states whose military interests were more defensive than offensive. Rather than large artillery for aggressive siege warfare, Germans thus invested in smaller handguns for wall-defense. For one, the use of handguns was favorable because unlike cannon, they did not require an “extended training period or very much logistical support.” The German states, moreover, also had urban centers equipped with a suitable pool of resources and the critical mass of artisans trained in precision metalworking—both factors that contributed to the development of new small arms. Finally, the Germanic region was exposed to gun warfare from early on—such as during the Hussite Wars (1419–1434) Hall, Weapons and Warfare, 98–100, 107.] 

It was from these practices of sketching and designing that new gun designs eventually emerged: the matchlock musket. As early as 1411, an unnamed gunsmith drew an ignition method that anticipated this gun.[footnoteRef:424] Namely, his illustrated notebook featured a pole-mounted handgun furnished with a Z-shaped metal arm—also called “simple serpentine” (Figure 35).[footnoteRef:425] Named after its serpent-like shape, this serpentine was rotated on the wooden pole and had angular bends, such that pulling it would bring the burning cinder on the other end into the touchhole and ignite the shot.[footnoteRef:426] In the next few decades, German gunsmiths continued to grapple with the idea and produced many variations. Depicted in another manuscript from the mid-1400s, namely, are four serpentine guns, each styled with a different combination of flash deflectors and sights for aiming (Figure 36).[footnoteRef:427] [424:  	This firearm is named “simple serpentine” by most scholars. It is not to be confused with the “simple serpentine gun,” which Daehnhardt uses to refer in fact to the sear matchlock. Daehnhardt, Espingareda Feiticeira, 90–3.]  [425:  	Austrian National Library, Codex Vindobona 3069. This unnamed manuscript—referred to as Liber de arte bellica germanicus (“The German Art of War”) or simply, Kriegskunst (“Warfare”)—is attributed to Johannes Hartlieb based on a bibliographic entry from the late 19th century, but historian Thomas Fudge makes note of “the lack of basis for the Hartlieb attribution.” Close examination shows that it is a collection of excerpts—most prominently from German military engineer Konrad Keyser (1366–1405)’s Bellifortis (“Strong in War,” c. 1405). Johannes Hartlieb, Liber de arte bellica germanicus, Vienna, Österreichische Nationalbibliothek, MS 3062, f. 86; Thomas A. Fudge, Jan Hus Between Time and Eternity: Reconsidering a Medieval Heretic (Lanham, Maryland: Lexington Books, 2016), 185n77. Also see Kaiserlich-Königliche Hofbibliothek, Tabulae codicum manuscriptorum praeter Graecos et Orientales in Bibliotheca Palatina Vindobonensi asservatorum 2, (Vindobonae: Gerold, 1868).]  [426:  	Hoff, “Late Firearms,” 9–10; Hugh Pollard, A History of Firearms (Birmingham: Palladium Press, 2006), 30; Needham, et al., Science and Civilisation in China, 425–9; Brown, Firearms in Colonial America, 24.]  [427:  	Codex 1390, Erlangen University Library, as cited in Greener, The Gun, 53; Brown, Firearms in Colonial America, 24.] 

With the spread of the serpentine mechanism, it lay close at hand for the next generation of gunsmiths to develop a full-fledged matchlock system. The latter was a more complicated technology: rather than a single piece of metal rotated on the stock, a number of intricate parts was to be assembled on a separate lock-plate—such as a spring-loaded hammer, a trigger, and a combination of levers, tumblers, cranks, and/or sears that connected the two. Importantly, the said hammer clamped a source of ignition—cinder, flint, or for our purposes, the slow-burning match (cord saturated with saltpeter). Pulling the trigger released the catch that restrained this hammer and the mainspring in the lock drove the burning match into the powder pan.[footnoteRef:428] [428:  	Then and now, guns are named after the type of lock: matchlocks refer to guns that use matches, flintlocks to flints, and wheellocks to those with friction wheels. A. R. Hall, “Military Technology,” in A History of Technology, Volume Iii: From the Renaissance to the Industrial Revolution, C.1500-C.1750, ed. Charles Singer, and Richard Raper (Oxford: Oxford Univ. Press, 1954), 354-56.] 

This system originated with locksmiths, as suggested by etymology as well as its similarity to door-fastening locks. If true, the knowledge may have passed into a gun workshop through temporary collaborations—or as locksmiths, like some of their metalworking peers, ventured into the nascent profession of gunsmiths. On these possibilities, we may only speculate. But what is clear is that aspiring metalworkers like Martin Merz (c. 1426–1501) did avail themselves of

[bookmark: _Ref35119500][bookmark: _Toc37456645]Figure 35. A simple serpentine gun, 1411. Austrian National Library. A crude barrel is pole-mounted and fired with a Z-shaped metal arm (serpentine). The other figure is casting bullets.


[bookmark: _Ref35119696][bookmark: _Toc37456646]Figure 36. Variations on the simple serpentine gun, c.1450. Erlangen University Library, Germany. A number of serpentine designs are shown, from long, overarching ones (top and lower middle) to those installed inside the stock (bottom and upper middle). The jagged protrusions near the muzzle are front sights, and the discs before the breech functioned as corresponding back sights—and as deflectors for sparks caused during ignition. 
relevant knowledge to leave behind the first unequivocal evidence of a matchlock system.[footnoteRef:429] Merz apprenticed in a bell foundry at Amberg and went on to become a master gunsmith for the Palatinate (Southwestern Germany). Sometime before 1501, the artisan then drew a matchlock pistol in his notebook (Figure 37). Merz’s gun featured a weak lock spring that kept the match hammer away from the powder pan. By squeezing the trigger, the said hammer dipped slowly into the pan; and upon releasing the trigger, the spring returned the hammer backwards to its original position.[footnoteRef:430] [429:  	There is a tombstone that describes Merz as not only a master gunsmith but also an expert on geometry and mathematics. Leng, “Social Character,” 108; Greener, The Gun, 211.]  [430:  	Codex Germanicus 599, Bavarian State Library, Munich, Germany, as cited in Brown, Firearms in Colonial America, 26. For discussion on the same drawing, see Henry Phillips, The History and Chronology of Gunpowder and Gunpowder Weapons (c.1000 to 1850) (Chennai: Notion Press, 2016), 190–1; Daehnhardt, Espingareda Feiticeira, 72.] 

Arms historians have labeled Merz’s design “sear matchlock.”[footnoteRef:431] This is one of two main categories of matchlock guns and one that became the standard infantry gun in European militaries until the late 17th century.[footnoteRef:432] Did this artifact traverse the world and become the Kanghwa musket? Tracing the travel of the sear matchlock shows that although it spread far— [431:  	Pollard, A History of Firearms, 31–2. Daernhardth further distinguishes two types of sear matchlocks, namely the “15th century Nuremberg Matchlock” that originated similar mechanisms in Turkey, Persia, India and China, and the European “serpentine gun” that became the standard European arm from the late 16th century. The rationale is that they likely had different ancestors, as shown in the difference in the direction of their hammer: the “15th century Nuremberg Matchlock” has a forward-acting hammer (as depicted in Martin Merz’s manuscript) while the “serpentine gun” had a backward-acting hammer (as shown in Zeugbucher illustrations). Nonetheless, Zeugbucher also shows models with the forward-acting hammer, and the distinction is more confusing than useful. Taking after other historians, I herewith use the term—sear matchlock—to refer to both types. Essentially, they shared the same lock system, with the characteristic spring that kept the hammer away from the pan—whichever direction it may have been. Daehnhardt, Espingareda Feiticeira, 66.]  [432:  	Claude Blair, European and American Arms: c.1100–1850 (London: B.T. Batsford, 1964), 42; Daehnhardt, Espingareda Feiticeira, 56–60. The popularity of the sear matchlock had in part to do with its technical advantages: 1) it safeguarded the hammer from the pan and prevented untimely fire, 2) the hammer rose up automatically after firing, and 3) given the time lapse between the trigger pull and the ignition, the gunner could change his aim if needed. Further, in the case of Europe, the sear matchlock was also made “much cheaper and so simple that it could easily be repaired even in the field.” This no doubt contributed to the prevalence of the sear matchlocks until the end of the 17th century.] 



[bookmark: _Ref35119777]Figure 37. Early sear matchlock, c.1473. Bavarian State Library, Germany. Attributed to German engineer Martin Merz (c.1425–1501), the gun featured a match hammer that mounted onto a small lock plate, which was then fixed to the side of the stock. At the tip of the hammer was an “eye” through which a smoldering match was fitted. 

becoming a mainstay in Turkey, Persia, India, and Qing China, it was another more sophisticated design that ended up in Chosŏn. This is the aforementioned snap matchlock, whose use in Europe was so short-lived that only a few know of its existence. The artifact was also developed within the German-speaking realm.
	In the late 15th century, just as Merz was sketching his design, gunsmiths in Bohemia—under the control of the German empire (i.e., Holy Roman Empire)—were at work on another lock design.[footnoteRef:433] For this, we do not have an extant artisanal drawing, unfortunately. But the material specimens from Bohemia (in today’s Czech Republic) speak volumes. In the city of Pilsen, a late 15th century gun is found whose mainspring worked in the opposite direction—i.e., forcing the hammer into the pan rather than away from it (Figure 38). To fire, the hammer was first raised to a “cocked” position, held up by a catch in the lock-plate; then, a trigger pull released this catch, letting the spring drive the hammer down with a “certain violence.”[footnoteRef:434] This system was distinguished by an instant ignition: the spring-loaded hammer snapped into the powder pan, and hence its name (G: Schnapp lunte schloss).[footnoteRef:435] In fact, some historians consider it the “first real gun-lock” for pioneering the use of a catch-and-release mechanism for ignition.[footnoteRef:436] [433:  	Rainer Daernhardth argues persuasively that the snap matchlock with the screwed breech plug was first born in the region of Pilsen, Bohemia. His strongest pieces of evidence are that 1) Pilsen is the only place where there are complete samples of such models, 2) Bills-of-sale from Portugal show that Bohemian gunsmiths were already producing thousands of snap matchlocks by the early 1500s, and 3) There is a Nuremberg prototype (stored in the Castle of Osterstein, Near Gera), which suggests the transmission of the technology to Bohemia where the screwed breech plug was added. For more, see Daehnhardt, Espingareda Feiticeira, 49–55, 76–80. Other candidates are in Italy such as Brescia and Gardone but production started there later. Marco Morin, and Robert Held, Beretta: La Dinastia Industriale Piuì Antica al Mondo (Chiasso, Switzerland: Acquafresca editrice, 1980).]  [434:  	Daehnhardt, Espingareda Feiticeira, 66.]  [435:  	Ibid., 51.]  [436:  	Hoff, “Late Firearms,” 10.] 

But perhaps due to their complex and costly nature, snap matchlocks in Europe saw limited use.[footnoteRef:437] To be sure, they were exported across the European continent for decades, being mass-produced by Italian artisans, seeing action in the hands of English gunners under Henry VIII (1491–1547),[footnoteRef:438] and as we shall see, becoming adopted by the Portuguese who sailed across the world. But after the mid-1500s, snap matchlocks fell out of military use and became a civilian technology: apparently, given the sharp, clean release of their locks, they became the preferred weapon of choice for European marksmen, rather than as infantry weapons (like their simpler and cheaper sear counterparts).[footnoteRef:439] Indeed, the last of them—made in late 17th century—were exquisite pieces decked with mother-of-pearl, and they trace back to European nobility who used them for hunting.[footnoteRef:440] [437:  	Blair, European and American Arms, 42; Hoff, “Late Firearms,” 10.]  [438:  	Contrary to the view that snap matchlocks were already in decline by the first half of the 16th century, guns salvaged from an English warship sunk in 1545 showed that they were still relevant then. Furnished with tubular sights and quality Venetian barrels, these guns were military matchlocks for Henry VIII (1491–1547) of England who purchased thousands of them from Italy. Guy M. Wilson, “Some Important Snap Matchlock Guns,” Canadian Journal of Arms Collecting 26, no. 1 (1988). For more on Italian gun manufacture, see relevant pages in Morin, and Held, Beretta.]  [439:  	Daehnhardt, Espingareda Feiticeira, 58-59.]  [440:  	Hoff, “Late Firearms,” 12-13.] 


[bookmark: _Ref35121107][bookmark: _Toc37456648]Figure 38. Early snap matchlock, c.1500. West Bohemian Museum, Czech Republic. An early specimen with a button trigger behind the lock plate. The box at the bottom of the stock was for storing bullets, matches, and other accessories. 

This shows how the snap matchlock emerged in a particular environment within Europe and then was quickly forgotten. How did this curious artifact make its way around the world to enjoy popularity in Korea—a country as far removed as possible from Bohemia and still be on the same landmass?

[bookmark: _Toc506058837][bookmark: _Toc30108321][bookmark: _Toc33283972][bookmark: _Toc34331786]From Bohemia to Korea: A Technological Travelogue

So how did the snap matchlock round the world? Central to its journey was the rising Portuguese empire. At the turn of the 16th century, King Manual I of Portugal (r. 1495–1521) purchased thousands of matchlocks from Bohemia[footnoteRef:441] and welcomed German gunsmiths to help domesticate their production at the Lisboan workshops.[footnoteRef:442] Around this time, then, as the Portuguese went on to set up outposts on “every known continent,” these guns also spread.[footnoteRef:443] First, Iberian ships ventured along the Guinea Coast, bringing the said guns to the attention of local craftsmen: carved into West African sculptures and salt-cellars from this period are the exact shapes of a button-triggered matchlock in Portuguese service (Figure 8).[footnoteRef:444] The same guns then rounded the Cape of Good Hope and sailed into the Indian Ocean. After 1509, as the Portuguese occupied several ports of consequence in South Asia—first Goa, then Ceylon (Sri Lanka),[footnoteRef:445] they employed a wide array of weapons including the snap matchlock, a point proven inter alia by the excavation of the Bom Jesus, a Portuguese carrack sunk in 1525 en route to India.[footnoteRef:446] [441:  	Daehnhardt mentions in passing that this material transfer is proven by bills-of-sale from the time of King Manual I. Rainer Daehnhardt, “First Steps Towards an Introduction Into the Study of Early Gunmaking in the Portuguese World, 1450-1650,” Bulletin of the Portuguese Academy of Antique Arms 1, no. 1 (1997). According to my research—and thanks to the help of Roger Lee de Jesus, I learned that these original sources no longer exist. We know, however, there were bills-of-sale from 1549 that led Frei Luís de Sousa (1555–1632) to write the purchase in the Anais de D. João III, and fortunately, a 19th century historian—who still had access to the original sources—then appended the sources to the Anais. See Luís De Sousa, and Alexandre Herculano, Annaes De Elrei Dom João Terceiro (Lisboa: Typ. da Sociedade propagadora dos conhecimentos uteis, 1844), 423: Por carta de 13 de Setembro manda Sua Alteza comprar a Frandes tres mil cossoletes com seus braçnys, escarcelas, gorjays e celadas, e tres mil arcabuzes de Bohemia.]  [442:  	This was possible thanks to the court’s welcoming policy towards German gunsmiths. As Gregor M. Metzig put it, “[u]nder Manuel I, from 1498 to 1520, the names of 36 German and Dutch cannoneers can be found in the chancellery registers of the crown. The majority of them came from southern German imperial cities and the contiguous territories in Swabia, Bavaria, and Bohemia.” Gregor M. Metzig, “Guns in Paradise: German and Dutch Artillerymen in the Portuguese Empire (1415-1640),” An. Hist. Alem-Mar Anais de Historia de Alem-Mar 12 (2011), 66.]  [443:  	This move was empowered by the papal granting of exclusive privilege to navigate and evangelize the West African territories. Ibid., 61.]  [444:  	Gregor M. Metzig, “Corals, Brass and Firearms. Material Commodities in Cultural Interactions Between Edo and Portuguese in Benin Around 1500,” in Material Culture in Modern Diplomacy From the 15th to the 20th Century, ed. Harriet Rudolph (Berlin, Boston: De Gruyter, 2016), 51; Suzanne Blier, “Imaging Otherness in Ivory: African portrayals of the Portuguese ca. 1492,” Art bulletin (1993).]  [445:  	By 1504, the first Portuguese base in Asia was established in Cochin, a port on the southwest coast of India. The real turn of events, however, occurred five years later, when a momentous naval battle took place around the Island of Diu, India. Responding to an earlier attack, the Portuguese retaliated and defeated the defenders of Diu, a coalition headed by the Egyptian Mamluks that also included the Sultanate of Gujarat, the Zamorin of Calicut, as well as a motley group of Ottoman, Venetian, Nubian, and Ethiopian mercenaries. The anti-Portuguese coalition sought to defend its control over the traditional spice route, which passed through the Red Sea and the Persian Gulf. Yet, the battle ended with Portuguese victory, thanks reportedly to their deployment of a variety of cannon and handguns.]  [446:  	Wolfgang Knabe, and Dieter Noli, Die Versunkenen Schätze Der Bom Jesus: Sensationsfund Eines Indienseglers Aus Der Frühzeit Des Welthandels (Berlin: Nicolaische Verlagsbuchhandlung, 2012), 196–7; Alves, Francisco J. S., “The 16th century Portuguese shipwreck of Oranjemund, Namibia” Report on the Missions Carried out by the Portuguese Team in 2008 and 2009 (2011).] 

But from South Asia onwards, the travel of the musket became not just a matter of Portuguese agency, but also of local practitioners who adapted it to their taste. In 1510, Afonso de Albuquerque (c. 1453–1515) arrived in Goa and recognized the city’s existing capacity for gunmaking. In the letters he wrote home as the governor of Portuguese India, he sang high praise of the local artisans and their iron-working skills in particular. In one note, the governor exclaimed that Goans made “guns as good as the Bohemians and also equipped with the screwed breech plugs.”[footnoteRef:447] This shows their surprising ability to replicate snap matchlocks, including even the difficult technique of screwing the breech. Also, as Albuquerque explained in another missive, quality gun barrels were forged “of iron here in Goa and are even better than the German ones.”[footnoteRef:448] The terse comparison likely indicates twist-forging—a distinctive method of wrapping the barrel, which was innovated by Turkish gunsmiths and then transmitted to Goa before the arrival of the Portuguese.[footnoteRef:449]  [447:  	Alongside the letters, Albuquerque even sent samples of Goan firearms to King Manuel and a local master gunsmith to work in the Lisbon arsenal—an important case of ‘reverse’ transmission. Afonso De Albuquerque, Raymundo Antonio De Bulhão Pato, and Henrique Lopes De Mendonça, Cartas De Affonso De Albuquerque, Seguidas De Documentos Que as Elucidam [Letters of Afonso De Albuquerque, Followed By Documents That Elucidate Them] (Lisboa: Typographia da Academia Real das Sciencias, 1884), 1513/12/1, 1:28: “mamdo tambem a vos alteza hum ofyciall dos de Goa, que fazem tam boas espyngardas como as de Boemea e asy lavradas com perafuso.” Also see Daehnhardt, Espingareda Feiticeira, 38.]  [448:  	De Albuquerque, et. al., Cartas de Affonso de Albuquerque, 1513/12/4: "bombardas e espingardas, as quaes se fazem de ferro em Goa milhores que has dalemanha.” Also see Daehnhardt, Espingareda Feiticeira, 39.]  [449:  	Turkish barrels with twist-forging (or “Damascus twist pattern”) were famous in Europe and they proved so robust that German and Eastern European gunmakers would mount them (i.e., either export barrels or booty) on their own stocks. The technique spread eastward to Persia and India, reaching Goa. For more on twist-forging, see Robert. Elgood, Firearms of the Islamic World in the Tareq Rajab Museum, Kuwait (London; New York: I.B. Tauris, 1995), 46–7, 60, 118–20, 179–80. The technique emerged into writing in 16th century Mughal India: “They flatten iron, and twist it round obliquely in form of a roll, so that the folds get longer at every twist; they then join the folds, not edge to edge, but so as to allow them to lie one over the other, and heat them gradually in the fire.” See relevant pages in Abū al-Faz̤l ibn Mubārak, The Ā’īn-i Akbarī آئینِ اکبری‎ [Administration of Emperor Akbar], trans. H. Blochmann, et al. (Calcutta: [Royal] Asiatic Society of Bengal, 1927–1949). For more on gun-making traditions of Turkey and Central Asia, see Robert Elgood, Islamic Arms and Armour (London: Scholar Press, 1979).] 







Figure 39. Bini-Portuguese saltcellar, 16th century. National Museum of Denmark, Ethnographic Collection. Carved out of ivory in Benin. Depicted at the top is a Portuguese horseman with a button-triggered snap matchlock.






So Goan artisanship was precocious,[footnoteRef:450] but how did it bear on the snap matchlock and its travel eastward? An important clue is found in a rare artifact stored in Dresden, Germany (Figure 40), which is to date, the only handgun attributed to Portuguese Goa.[footnoteRef:451] This gun is legible in terms of the entanglement of various craft traditions—e.g., German, Dutch, Italian, Turkish, and Goan—in the local workshops.[footnoteRef:452] To begin, it has a snapping lock that is no doubt derived from the Luso-German designs of the turn of the 16th century. This trait was presumably introduced by European craftsmen and bombardiers from Lisbon as well as from various German, Dutch, and Italian cities who worked in the Goan arsenals.[footnoteRef:453] Upon a closer look, the Goan gun also shows unusual traits that reveal different vectors of influence. Rather than a single-leaf spring—which is characteristic of European pieces up to this point, it carries a double-leaf (U-shaped) spring.[footnoteRef:454] Also, while the barrel is closed in the breech with a screwed plug as per usual, it is twist-forged and damascened with local patterns.[footnoteRef:455] These were changes wrought by the Turkish-Goan craftsmen. [450:  	The precocity of Goan artisanship can be attributed to Turkish influence. Other European accounts from the period show that Goa, which was under the rule of the Adil Shahi dynasty (1490–1686), had received Ottoman gunners who fled after their defeat at Diu. These men then “resettled in Goa with the help of Muslim merchants who financed the building of shipyards and plants for the manufacture of iron and copper ordnance.” When the Portuguese arrived, Goa already had “large houses which the Turks used as armories…and a great number of metal guns, and a large quantity of gunpowder, saltpetre and utensils used in the making of these, and an enormous quantity of all kinds of weapons.” Richard M. Eaton, “‘Kiss My Foot,’ Said the King: Firearms, Diplomacy, and the Battle for Raichur, 1520,” Modern Asian Studies 43, no. 01 (2008), 298. Also see Daehnhardt, Espingareda Feiticeira, 37.]  [451:  	There are very few handguns left from Portuguese Goa. This matchlock is the only firmly datable one: it was presented to the Saxon Elector Christian I by Francesco I de Medici, Grand Duke of Toscana, in 1587 and recorded in the Dresden Armory’s (Rüstkammer) inventory in 1606. Dresden Armory, R74/18. Beside it, a four-barrel Goan pistol survived in the Jaipur armory, whose barrel is similarly inlaid. There is also a related gun in Bikaner yet without the barrel. The Dresden gun is little known even amongst arms scholars Robert Elgood, Arms & Armour At the Jaipur Court: The Royal Collection (New Delhi, India: Niyogi Books, 2015), 246–9.]  [452:  	While unaware of this rare material evidence, Eaton has rightfully recognized that Goans at this time made the “latest hybrid matchlocks” Eaton, “‘Kiss My Foot’,” 305.]  [453:  	For instance, bombardier Rüdiger von Geldern prepared gunpowder and artillery for Albuquerque. For more on foreign mercenaries in Portuguese Asia, see Metzig, “Guns in Paradise,” 74.]  [454:  	Philip Tom to the author. ]  [455:  	For more on the inlaid patterns, see Elgood, Arms & Armour at the Jaipur Court, 249.] 


[bookmark: _Ref35121504][bookmark: _Toc37456650]Figure 40. A Goan Matchlock from the Middle of the 16th Century. Dresden State Art Collections, Dresden, Germany. Presented to the Saxon Elector Christian I by Francesco I de Medici, Grand Duke of Toscana, in 1587 and recorded in the Dresden Armory’s (Rüstkammer) inventory in 1606. The painted stock resembles a style found in the Church of St. Francis of Assisi in Goa, built in 1661.

More needs to be said about Goan artifacts and what they represent: the entanglement of artisanal knowledge across the global early modern. But it suffices here to understand that a new hybrid style of snap matchlocks was born from it, and that this “Luso-Goan” gun spread subsequently to Southeast and East Asia.
Sometime after 1511, as the Portuguese influence in Malacca grew, artisans in Southeast Asia also encountered the Luso-Goan technology[footnoteRef:456] and birthed their own istingar after the Portuguese musket, espingarda. Rather than simply replicating, however, Malay makers introduced important changes.[footnoteRef:457] That is, to combat humidity—and the persistent problem of rusting on iron locks, local craftsmen chiseled theirs out of brass. If not for the extremely wet weather of their environs, this technological choice is inexplicable: iron was cheaper, more available, and expertly handled by local artisans, while brass was less appropriate, lacking the springy nature of the original snap lock. Indeed, matchlocks made in Southeast Asia have thick brass mainsprings and heavy match hammers that make for a rather slow snapping action.[footnoteRef:458] But other than this—and the highly ornate nature of the surviving specimens, the istingar was certainly a snap matchlock.[footnoteRef:459] [456:  	In 1511, when Afonso led his fleet to conquer Malacca, many of his men were still armed with crossbows rather than muskets. However, by the next decade, there was an abundance of guns to be found in Portuguese hands: the Goa Arsenal was producing in large quantities, and its gunsmiths were also at work in Diu, Hormuz, and Colombo. Daehnhardt, Espingareda Feiticeira, 34–6.]  [457:  	There is very little scholarship on the istingar. Pollard, A History of Firearms, 264, 462; Elgood, Firearms of the Islamic World, 187–9; Wan Mohd Dasuki Wan Hasbullah, and Siti Radziah Mustafa, “Manuskrip Ilmu Bedil Sebagai Sumber Etnosejarah Teknologi Senjata Api Melayu [Malay Manuscripts on Firearms as an Ethnohistorical Source of Malay Firearms Technology],” Kemanusiaan: The Asian Journal of Humanities 21, no. 1 (2014). In the absence of good textual sources, historians have misunderstood Malay gunmakers. Michael Charney, for instance, argued that the potentates of Southeast Asia were not as keen on domesticating the new matchlock technology as they were in receiving foreign gifts of arms and casting large, awe-inspiring cannon for display. Michael W. Charney, Southeast Asian Warfare, 1300–1900 (Leiden; Boston: Brill, 2004), 51–61. Contrary to Charney, the material archive suggests that there was an early Malay adoption of matchlocks. Namely, there are two major groupings of locks (and lock assembly) on Malay muskets still in existence: 1) an archaic design with a single-leaf spring and serpentine bolts anchored directly on the stock via a cross-pin on the left side, and 2) another with a double-leaf spring and serpentine mounted on the lock-plate. The latter corresponds with the Luso-Goan technology described above with the Dresden gun. The former is material proof of an early adoption: the combination of these archaic traits exists in pre-Goan European specimens, but not in any object from East Asia; thus rather than being transmitted first from Goa to Japan, and then back to Southeast Asia, the Portuguese espingarda was translated into the Malay istingar sometime in the early 1500s.]  [458:  	Tom Philip to the author. In handling Malay matchlocks, one cannot help but notice that their locks operate quite ponderously. Allowance can be made for loss of tension in the brass—a non-springy material to begin with—after centuries of use and neglect, but it is hard to think that they could be much snappier when they were new. An interesting compromise is seen in Vietnamese locks—their serpentines and plates are typically of brass, but the springs are steel (sometimes plated with copper). The Japanese persisted in an all-brass lock construction despite their skill in working iron and tempering steel because they were influenced not just by Luso-Goan technology but by Southeast Asians.]  [459:   	Malay guns also retained most of the technical traits found in the Goan gun, including the double-leaf spring and the screwed breech plug.] 

Did this Luso-Goan-Malay technology end up in East Asia? In 1543, the story goes, a pirate junk departed from Siam to China, carrying a motley group of primarily the wakō (倭寇, C: wokou, K: waegu)—Chinese and Japanese corsairs in South China Sea—but also two (three, according to some accounts) Portuguese men who had defected from their post in Southeast Asia. But after encountering a malicious storm, this junk ended up at the Japanese island of Tanegashima. There, it happened that one of the Portuguese castaways—a certain Francisco Zeimoto—had a chance to demonstrate his gun and gift it to the local daimyo Tanegashima Tokitaka (種子島時堯, 1528–1579).
Deeply impressed, the Japanese lord had this gun copied by swordsmith Yaita Kinbei Kiyosada (八板金兵衛清定, n.d.). Apparently, Yaita and his team of local artisans reenacted the artifact no problem by drawing on the existing tradition of iron-forging. One detail eluded them, however: the screwed plug.[footnoteRef:460] While the Japanese smiths could manage the screw (bolt with male threads) itself, the issue at hand was of “drilling the barrel helically” so that this plug could turn snugly into the breech.[footnoteRef:461] For this, a “Portuguese” blacksmith had to come and transmit its secrets to Yaita the following year.[footnoteRef:462] But after that, the Japanese teppō (鉄砲 “iron gun”)—i.e., a snap matchlock with a double-leaf spring, brass lock, and screwed breech plug—was born.[footnoteRef:463] [460:  	Lidin, Tanegashima, 1-26.]  [461:  	Ibid., 4-5, 91, 97, 142n27.]  [462:  	Based on available Japanese sources, Lidin concludes as follows: “the helical technique was developed twice in Japan in connection with the teppō. The first screw was made on Tanegashima by Yaita Kinbee Kiyosada with the help of the Portuguese smith; the second by Jirō no Suke at Kunitomo without the help of the Portuguese.” Ibid., 174n13.]  [463:  	For details on the Japanese teppō, see Sugawa Shigeo 須川薰雄, Nihon no hinawajū 日本の火縄銃 [The Japanese Matchlock] (Tokyo: Kōgei Shuppan, 1989); Kokuritsu Rekishi Minzoku Hakubutsukan 国立歴史民俗博物館, Rekishi no naka no teppō denrai: Tanegashima kara Boshin Sensō made 歴史のなかの鉄炮伝来 : 種子島から戊辰戦争まで [The introduction of guns in Japanese history: from Tanegashima to the Boshin War] (Chiba-ken Sakura-shi: Kokuritsu Rekishi Minzoku Hakubutsukan, 2006).] 

There are gaps and disparities in this account, and we cannot ascertain whether Zeimoto’s gun was an istingar or espingarda, or whether it was made in Lisbon, Goa, Malacca, or any other Portuguese outpost in Asia.[footnoteRef:464] Still, there was certainly more than one episode of encounter and various designs were introduced. In Bungo, for instance, a Japanese province located in eastern Kyushu, the manufacture of guns was “divulged separately” by a Portuguese also named Francisco.[footnoteRef:465] Meanwhile, in Satsuma, the other end of Kyushu, another daimyo named Tōgō Shigeharu (東鄉重治, fl. 1548) obtained Portuguese guns through the wakō that frequented Southeast Asia—not unlike how his counterpart in Tanegashima availed themselves of the junk from Siam.[footnoteRef:466] [464:  	In fact, historians of Japan have been divided on this issue of “first transmission,” some arguing that the first teppō was based on an “European” gun, and others allowing the possibility of a “Southeast Asian” transmission. For more, see debate between Murai Shōsuke and Udagawa Takehisa in footnote 15. This debate, however, is futile: the snap matchlock arrived through various routes, directly from Portuguese outposts (including Malacca) as well as independently through mariners and wakō corsairs that frequented Southeast Asia (like the crew members of the Chinese junk in Tanegashima). For new Japanese scholarship that recognizes this properly, see Nakajima Yoshiaki 中島楽章, “1540 nendai no Higashi-Ajia kaīki to seiōshiki kaki 1540年代の東アジア海域と西欧式火器 [East Asian Seas in the 1540s and Western Firearms],” in Nanban, Kōmō, Tōjin: 16, 17-seiki no Higashi Ajia kaiiki 南蛮・紅毛・唐人 : 一六・一七世紀の東アジア海域 [Southern Barbarians, Red-Haired Barbarians, and the Chinese: East Asian Seas in the 16th and 17th centuries] (Kyoto: Shibunkaku Shuppan, 2013), 147–59. The fact that Southeast Asia played a role is also shown by the material choice of brass by Japanese matchlock makers (and while we will not have space here to elaborate, the style of lock and trigger on the early teppō still stored in Tanegashima).]  [465:  	Of course, there is a possibility that Bungo got its guns from Tanegashima. For instance, there was reportedly a certain Itō Hachirō who learned his skills directly from Tanegashima by 1557. But circumstantial evidence puts Portuguese presence in Bungo at least a decade earlier. Indeed, there is evidence of Portuguese who stayed there for years, and while a Bungo technician reportedly went to Tanegashima to learn, there is high likelihood that the technology was transmitted without “Tanegahsima being the intermediary.” Lidin, Tanegashima, 5. This finds support in other indications that Portuguese merchants arrived there by 1546 at the latest, at least one of them even staying for years. Ibid., 25, 107.]  [466:  	Tōgō was an enterprising lord and he obtained matchlocks in the 1540s from trade with the wakō in the pirate den of Shuangyu as well as acquisitions from conflicts. Nakajima, “1540 nendai no Higashi-Ajia,” 147–59.] 

At any rate, soon after its arrival, the snap matchlock spread all over East Asia. In China, muskets had been introduced even before the first transmission to Japan in 1543.[footnoteRef:467] Apparently, however, the snapping lock design was only mastered after the help of a Japanese practitioner. In 1548, the story goes, a Ming commander captured and interrogated a “barbarian chief who was good at guns” (fanqiu shanchong zhe 番酋善銃者).[footnoteRef:468] This chief was in fact Tōgō’s man—a certain Shinshiro (新四郎, fl. 1548) from Satsuma—and he conveyed the secrets of manufacture to the Chinese, resulting in muskets that were “as intricate and exquisite as those of the Western barbarians (xifan 西番) themselves.”[footnoteRef:469] The said commander’s son—Lu Xiang (盧相, n.d.)—then visited Beijing to replicate the knowledge at the imperial workshops, where muskets were produced by thousands.[footnoteRef:470] [467:  	The Chinese had already encountered muskets well before the Portuguese arrival in Japan, but had not perfected its manufacture until after 1548. This enigma is captured by Ming scholar Zheng Ruozeng (鄭若曾, 1505–1580) who noted that muskets were introduced into China twice (in the southern region): first, “a long time ago” and again, in 1548. Zheng Ruozeng 鄭若曾, Chou hai tu bian: Shi san juan 籌海圖編: 十三卷 [Illustrated Book on Maritime Defence: 13 fascicles] (Beijing: Guo jia tu shu guan chu ban she 國家圖書館出版社, 2013 [originally 1548]), v. 5: 鳥鎗之製, 自西番流入中國, 其來遠矣, 然造者多未盡其妙. 嘉靖二十七年, 都御史朱紈遣都指揮盧鏜破雙嶼, 獲番酋善銃者, 命義士馬憲製器, 李槐製藥, 因得其傳, 而造作比西番尤爲精絶云. Japanese historian Tomio Hora sees the result of this early transmission to China as the “old style musket” (kyūshiki chōjū 旧式鳥銃) or “imitation musket” (mogi chōjū 模擬鳥銃), which was cast in bronze rather than iron-forged. Tomio hypothesized this based on the small victory guns in Chosŏn as well as on Portuguese and Chinese sources that described Ming muskets serviced during the East Asian War. Tomio Hora 洞富雄, Teppō: denrai to sono eikyō 鉄砲: 伝来とその影響 [The Musket: Transmission and its Influence] (Kyoto: Shibunkaku Shuppan, 1991), 276–82, 342–3. For what is potentially a 16th century source on how to manufacture this early Chinese musket, see Ibid., 277.]  [468:  	Zheng, Chou hai tu bian, v. 5: 獲番酋善銃者.]  [469:  	Ibid., v. 5: 而造作比西番尤爲精絶云. On details for identifying the “barbarian chief” as Shinshiro, see Nakajima, “1540 nendai no Higashi-Ajia,” 154. Also see Tomio, Teppō, 275; Sun Laichen, “The Military Implication of Zhu Wan’s Coastal Campaigns in Southeastern China,” in Early Modern East Asia: War, Commerce, and Cultural Exchange: Essays in Honor of John E. Wills, Jr, ed. Kenneth Swope, Tonio Andrade, and John E Wills (Abingdon, Oxon: Routledge, 2018), 127.]  [470:  	Chang Xiuming 常修銘, “Shiliu shiji Dongya haiyu huoqi jiaoliu shi yanjiu 16-17世紀東亞海域火器交流史研究 [History of Firearms Exchanges in 16th-17th century Maritime East Asia]” (PhD diss., National Qinghua University, 2016), 25–31.] 

Meanwhile, in Japan proper, which was undergoing the bellicose Warring States period (1467–1568), the teppō found extensive use. By the 1550s, snap matchlocks “spread all over Kyushu” and found swift application in warfare.[footnoteRef:471] Soon, production also began in other major centers such as Sakai and Kunitomo and by the 1570s, matchlocks became ubiquitous in the bellicose archipelago.[footnoteRef:472] By 1592, when the forces of a unified Japan invaded Korea, these guns had fused seamlessly with the Japanese way of war, which combined musketry volley fire with close-combat fighting using swords and pikes. [471:  	Lidin, Tanegashima, 108.]  [472:  	Ibid.] 

More needs to be said about the early muskets of Japan and China, the transformations wrought by artisans in each locale, and their remarkable diversity. But for our purposes, it suffices to understand this: as the two powers assimilated the Luso-Goan-Malay technology, their neighbor—Korea—also became entangled in the process.
To be sure, Koreans also encountered the Portuguese directly: in a little-known incident of 1544, they met a wakō junk carrying these Lusitanian seafarers and what seems to have been Frankish cannons (discussed below).[footnoteRef:473] Beyond this, however, no significant exchange occurred, and new gunpowder weaponry were being presented by Japanese and Chinese agents instead. The textual records on this are frustratingly reticent, but they suggest a growing influx of new materials and knowledge—culminating in the East Asian War. A year after the aforementioned encounter, a Chinese castaway (tangin 唐人) at Cheju Island transmitted a “metal pellet” gun (ch’orhwan 鐵丸) to the Government Arsenal.[footnoteRef:474] In 1554 and 1555, then, two Japanese experts also demonstrated guns that were “extremely intricate” (chŏnggyo 精巧), one of them even staying in Korea with a military post (probably at the arsenal).[footnoteRef:475] Also, between 1571 and 1574, there were conflicts involving piracy in Chŏlla province, and in one of these, the Korean coastal guards captured a wakō ship replete with cannon, arrowed projectiles, and again, metal pellet guns.[footnoteRef:476] Finally, in 1589, only three years before the Japanese invasion, the court received a pair of muskets (now identified directly as “bird guns”) from Tsushima.[footnoteRef:477] [473:  	Although one Chinese crew member was captured in the process, the junk escaped. Nakajima, “1540 nendai no Higashi-Ajia,” 115–30.]  [474:  	This Chinese model was considered novel because it shot metal pellets, but its value was underrecognized due to inaccuracy owing to the lack of appropriate gunpowder. Myŏngjong sillok, 1545/11/3: 唐人亦有能解銃筒者, 通事亦傳習大綱. 然非箭矢也, 乃鐵丸也, 請令該司匠人等傳習; 1545/11/8: 軍器寺提調啓曰: “今日唐人處傳習火砲, 放于慕華館, 別無猛烈之氣, 立標四十步而放之, 皆不中. 我國之砲, 一中防楯而還退. 唐人等云: ‘中原用杉木灰, 故迅烈, 而此以柳木灰, 故不至猛發.’云. 且其器械鈍甚, 不如我國之砲.”]  [475:  	Ibid., 1554/12/18: 倭人信長所造銃筒, 制度雖精, 而藥穴入火不易, 發丸不猛. 其言曰: ‘藥不良故也, 明年更來試之’ 云.厚待還送事, 請令禮曹議定; 1555/5/21: 倭人平長親所持來銃筒, 至爲精巧, 所劑火藥, 亦猛烈. 不可不賞. 請從其願, 以授堂上何如. We still have the appointment letter sent to Hira Nagachika (平長親, fl. 1554). For more, see Han Munjong 한문종, Chosŏn chŏngi hyanghwa, sujik Waein yŏnʼgu 조선전기 향화 수직 왜인 연구 [Immigrant and Officially Appointed Japanese in the Early Chosŏn] (Kukhak Charyowŏn, 2001), 104.]  [476:  	Kim Tŏkchin 김덕진, “1587nyŏn Sonjukto waebyŏn’gwa Imjinwaeran 1587년 손죽도 왜변과 임진왜란 [The 1587 Incident at Sonchuk Island and the Japanese Invasion],” Tongbuk Asea ch’ongnon 29 (2010), 271, 274.]  [477:  	This is a well-known incident, often cited as the first introduction of muskets to Korea. Sŏnjo sujŏng sillok, 1589/7/1: 義智等獻孔雀一雙, 鳥銃數件, 命放孔雀于南陽海島, 藏鳥銃于軍器寺. 我國之有鳥銃, 始此.] 

Due to the ambiguous descriptions, historians have debated whether Koreans had indeed encountered muskets at this time.[footnoteRef:478] The question, however, is not whether but how these foreign objects were received in Korea. In most of the episodes above, we learned—though tersely—that Korean artisans were tasked with reverse-engineering the foreign materiality. This, we shall see, is how new types of Korean firearms emerged precisely at this time and with striking similarities to the muskets that circulated in the global early modern. [478:  	In this early stage, there was a diversity of terms used in the Chosŏn archives to refer to the new gunpowder weaponry encountered. Kim Tŏkchin sees metal pellet guns as muskets with good reason. Kim, “1587nyŏn Sonjukto,” 271, 274. Regarding the episodes in 1554 and 1555, Udagawa Takehisa thinks that the guns brought by the Japanese at this time could not have been muskets. Tomio Hora, however, argues to the contrary, as he is aware of the small victory cannons in Korea. I agree with Tomio and go further in the next chapter. Tomio, Teppō, 346–7.] 

[bookmark: _Toc36200222][bookmark: _Toc37461046]Chapter 6
[bookmark: _Toc36200223][bookmark: _Toc37461047]Translating the Gun: New Artisans and Officer’s Knowledge

This chapter examines how Korean artisans and practitioners came to “know” the snap matchlock through their skillful practices. Namely, it examines, first, how muskets were reverse-engineered within the existing culture of gunmaking in 16th century Korea, which emphasized the techniques of casting rather than forging. This “localization” of the global artifact is crystallized in the so-called “small victory cannon”—the first generation of Korean muskets that came to resemble the originals yet in broad outlines only. Eventually, however, we will see that the local workshops then became deeply entangled with the material culture of the early modern world. This “globalization” emerged from the repeated exposure of local hands to the materiality of the musket, which then led to a fundamental change within Korean workshops: artisans and practitioners shifted the culture of gun casting to iron forging, as well as managing to fully translate the musket, including previously incomprehensible aspects such as the matchlock mechanism and the screw.

[bookmark: _Toc33283974][bookmark: _Toc34331788]Molding the Foreign

Korea’s first encounter with the musket is best understood through the material objects that originated from it. Compared to the dearth of records about gunmaking for this period, a wealth of specimens has survived—both large and small, and mostly of cast bronze. These constitute a veritable material archive: many of them have inscriptions near the breech, which—if still intelligible—reveal information about when they were made and by whom, as well as how to load and fire them.[footnoteRef:479] [479:  	I am herewith drawing on existing compilations as well as personal visits to museums, where I had the chance to handle, measure, and weigh artifacts. Existing compilations are thorough but show slight differences in measurements. For the most reliable example, see Yi Hyŏnsu 이현수, et al., Han’guk chŏnt’ong mugi chosa: togŏm, hwagi ryu 한국 전통무기 조사: 도검, 화기류 [Research on Korean Traditional Weapons: Swords and Firearms] (The National Folk Museum of Korea, 2003). I conducted material research at the National Museum of Korea, Korean Army Museum, and the National Folk Museum of Korea. More research is imperative to clean up data across different sources. Also, some inscriptions—such as ink writing (muksŏ 墨書)—are not visible to the naked eye and need to undergo conservational work. See Yi Chaesŏng 이재성, “Sŭngja chŏngt’ong e taehan kwahwak-chŏk yŏn’gu 승자총통에 대한 과학적 연구 [A Scientific Study of Small Victory Cannons],” Yukkun Pangmulgwan Hagyeji 12 (2005), 147.] 

Within this archive, a cluster of artifacts reflects the first reactions by Korean artisans to the musket: the “small victory cannon” (so sŭngja ch'ongt'ong 小勝字銃筒). These miniature “cannons” resemble the snap matchlock: they have long and smooth barrels, a pair of front and back sights, and a lug for the wooden stock. Curiously however, they were cast in bronze—rather than forged from iron, and both the lock and breech plug were lost in translation (Figure 41).[footnoteRef:480] [480:    Regarding the barrel, small victory cannons have a bore-to-length ratio of 30:1, which approximates the dimensions of matchlock muskets. This was based on a calculation of the 25 surviving specimens, whose barrels were on average 30 times larger in length then bore diameter. In context, longer barrels are important because they “gave the gunpowder more time to impart energy to the projectile,” accelerating it for longer distance within the barrel and thereby improving the accuracy of the gun. Of course, accuracy was still limited on any smoothbore gun, but the discovery of long barrels was a significant boost at the time. Andrade, The Gunpowder Age, 105.] 

What explains this partial resemblance? As we will see, muskets fell into the hands of Korean cannon makers in the middle of the 16th century. As in most cases of material translation, these artisans then approached the unfamiliar object with skills that were already available in their hands—i.e., the techniques of casting and molding. The deeply local act of translation—transpiring in a context without direct foreign influence—allowed for a greater degree of freedom on the part of the Koreans. The cannon makers seized upon this “interpretive flexibility” and produced variations that were strikingly similar in shape yet with crucial differences as noted above.[footnoteRef:481] [481:  	Wiebe E. Bijker, and John Law, “General Introduction,” in Shaping Technology/building Society: Studies in Sociotechnical Change, ed. Wiebe E. Bijker, and John Law (Cambridge, MA: MIT Press, 1992), 4.] 




[bookmark: _Ref35121697][bookmark: _Toc37456651]Figure 41. Small victory cannon, 1587–1615. Shown at the top is a musket replica made by artisan Kwanbo in 1587. Wooden stock is a modern reproduction. Kyunghee University Museum, Seoul, South Korea. Shown at the bottom is a kyŏnyang used at the Firearms Directorate in 1615 for a revised model (discussed below). In Hwagi togam uigwe, 13


[bookmark: _Ref37432826][bookmark: _Toc37456652]Figure 42. Chamber for Frankish cannon, 1563–1615. Shown on the left is one made by artisan Kim Sŏknyŏn in 1563. Excavated from the old site of the Government Arsenal. Seoul Museum of History, South Korea. Shown on the right is a kyŏnyang used at the Firearms Directorate in 1615—with the Frankish cannon at the top, followed by five chambers. In Hwagi togam uigwe, 15.
During the middle of the 16th century, the cannon maker’s workshop was an important medium for translating foreign gunpowder technology. Take, for instance, how it was applied to 
the aforementioned Frankish cannon (佛狼機, C: folangji, K: pullanggi)—a breech-loader used by Portuguese seafarers.[footnoteRef:482] Korean writings on this cannon appear only after the war—and with no reference whatsoever to its production in ante-bellum Chosŏn. But surviving materials show otherwise: it was already reverse-engineered by artisans at the Government Arsenal by 1563. This is evinced by four gunpowder chambers (“children bombs”; chap’o 子砲) still in existence, which were made to fit into the breech of Frankish cannons (Figure 42). The chambers were inscribed clearly with the year 1563, as well as with the names of their makers—Kim Sŏknyŏn (金石年, fl. 1563), Pak Myŏngjang (朴命長, fl. 1563), Chang Sŏk (長石, fl. 1563), and Yi Malttong (李末叱同, fl. 1563).[footnoteRef:483] [482:  	For more on the Frankish cannon, see Andrade, The Gunpowder Age, 135–43.]  [483:  	We know that these guns were cast in the Government Arsenal because one of them was dug up at the arsenal’s old site (Figure 11). The other specimens were probably also made at the same site (or its satellite workshops), given their identical style of manufacture, classification system and inscription practices. These chambers were each inscribed with weight according to the existing Korean system of classifying cannon. The one shown in Figure 11 reads: “Made in 1563 (kajŏng kyehae 嘉靖癸亥), Earth’s mark [cannon] (chit’ong 地筒), weighs 75.8 kŭn, by artisan (jang 匠) Kim Sŏknyŏn. There are slight variations—e.g., 78.5, 78.8, and 78.9—which may indicate initial attempts to optimize the design by variegating weights, or simply difficulties to standardize. For data on all four specimens, see Yi Sŭngwŏn, et al., Sŏul Kun’gisi, 513–4.] 

Muskets too fell into the hands of Korean cannon makers.[footnoteRef:484] When these intricate artifacts passed into their workshops, little, if any, change of gears occurred in the existing production: rather than fomenting change, the foreign object was deeply localized. This can be seen through artisans who made larger, traditional Korean cannon, and then grafted their knowledge onto making smaller pieces that approximated the musket. [484:  	Like the case with Frankish cannon, we will likely never know how they first arrived on Korean soil. But a significant clue is found in the sources that link military commander Kim Chi (金墀, fl. 1575–1578) to their supposed invention. Terse records in the court annals indicate that Kim designed the entire category of victory cannons (sŭngja ch'ongt'ong 勝字銃筒), which included not just the small victory class, but others with variations in size and firing method. To date, we know nothing about Kim’s actual role in designing these objects (or, more aptly, how he worked with cannon makers to bring them to fruition). What is clear, however, is that he would have undertaken this project shortly before 1575—the year his tenure ended as a Naval Commander of Left Chŏlla Province (Chŏlla chwasusa 全羅左水使). This suggests that the commander may have drawn on muskets circulating in maritime East Asia. At the time of Kim’s tenure, the Chŏlla province was frequented by the aforementioned wakō corsairs who trafficked between Japan and China as well as Southeast Asia: as noted earlier, there were at least four incidents between 1571 and 1574, and in one of these, a wakō ship with cannon, arrowed projectiles, and the metal pellet guns (muskets) was captured. As naval commander of this region, then, Kim would have had access to the booty, and he may have commissioned cannon makers to reenact them locally or sent them up to the Government Arsenal for inspection. Kim, “1587nyŏn Sonjukto,” 271, 274. Tomio Hora also hypothesizes about the influence of muskets on Kim Chi’s “invention” of small victory cannons. Tomio, Teppō, 347.] 

Artisan Kwanbo (官步, fl. 1587) oversaw the production of a medium victory cannon (chung sŭngja ch'ongt'ong 中勝字銃筒) in the 3rd month of 1587. This piece suggests that its maker—by virtue of being a cannon maker—was deeply immersed in the local tradition: his barrel, namely, has several reinforcing metal rings or “joints” (chukchŏl 竹節), which are also found on other Korean cannons (Figure 43).[footnoteRef:485] Surprisingly, however, Kwanbo’s workshop then produced a batch of small victory cannons and only after four months at that (Table 15). One gun in particular has survived better than its peers (Figure 41). Its inscription reads: “[Made in] the 7th month of 1587 (mallyŏk chŏnghae ch'irwŏl 萬曆丁亥七月), small victory [cannon] (sosŭng 小勝), weighs 3 kŭn and 9 ryang, by artisan (jang 匠) Kwanbo, [uses] 3 chŏn of powder and 3 pellets.”[footnoteRef:486] As mentioned above, these handheld “cannons” had long and smooth barrels, a pair of front and back sight, and a lug for the wooden stock. This is a combination of traits that find no precedent in 16th century Korea but approximates the muskets that circulated in maritime East Asia at the time. [485:  	This was supposedly to prevent excessive heating of the barrel by presenting a greater surface area for cooling. In creating the medium victory cannon, however, Kwanbo and his workmen were also trying out new ideas: their gun boasted an extremely large bore-to-diameter ratio and a double powder chamber (for a quick second fire)—both unusual traits.]  [486:  	Yi, et al., Han’guk chŏnt’ong mugi chosa, 232.] 


[bookmark: _Ref35122767][bookmark: _Toc37456653]Figure 43. Medium victory cannon made by Kwanbo's workshop, 1587. War Memorial of Korea, South Korea. Notice the reinforcing rings (“joints”) along the barrel. The double powder chamber is unusual, and it might be a new feature introduced by Kwanbo.

But this resemblance, again, was partial: in fact, these objects show that Korean cannon-makers reinvented—or depending on perspective, mistranslated—the snap matchlock within their existing workshop culture. To begin, the barrels were cast in bronze, rather than forged from iron. As noted above, we can even say that they used the same techniques of casting as other Korean cannons, and that they were made alongside each other as in Kwanbo’s workshop.[footnoteRef:487] Second, the only changes introduced by the small victory cannons were those that were already possible within a cannon foundry. Namely, the metal protuberances on the barrel—such as the front and back sights, as well as the lug on the underside—could be cast separately and then soldered. Also, to remove the typical “joints” on the barrels, the wooden prototype could be modified easily. What would have been difficult was ignored, such as the lock mechanism and the screwed breech plug, both of which required new skills yet unknown in Korea.  [487:  	Conservation scientists have found that early Korean firearms—including the Frankish cannon and the various victory cannons in existence—were all made with the similar casting technology, with no trace whatsoever of forging or additional heat treatment. O Irhwan 오일환, et al., “Scientific Study for Seungja Chongtong in the Central Museum of Kyunghee University,” Journal of the Korean Conservation Science for Cultural Properties 32, no. 1 (2016). The only difference detected so far is that they had slight variations in the metal alloy, depending on the location of the mother workshop and its supplier.] 

[bookmark: _Ref35122784][bookmark: _Ref35122698][bookmark: _Toc37456288] Table 15. Small victory cannon produced by Kwanbo's workshop, 1587
	Maker’s name
	Date
	Full inscription

	官步
	1587/07
	萬曆丁亥 七月 小勝三斤九兩 匠官步 藥三戔丸三

	官[步]
	1587/06
	萬曆丁亥 六月 日 小勝三斤三兩 藥三戔丸三 匠官[步]

	官[步]
	1587/06
	萬曆丁亥 六月 日 小勝三斤三兩 藥三戔丸三 匠官[步]



Source:  Yi, et al., Han’guk chŏnt’ong mugi chosa, 226, 228, 232.

Finally, it was not just the shape of the gun, but its function that transmuted in transit. As inscribed, small victory cannons were categorized according to the Korean classificatory system for cannon, corresponding to a hierarchy of artifacts based on size—from the Heaven’s Mark (ch’ŏnja ch’ongt’ong 天字銃筒) down to Yellow Mark (hwangja ch’ongt’ong 黃字銃筒) and then from large victory cannon (tae sŭngja ch'ongt'ong 大勝字銃筒) to small. Immersed in this local assemblage of use, Kwanbo’s guns thus fired multiple pellets—in accordance with existing practices for firing anti-personnel cannons—rather than a single bullet fitted tightly in the barrel (as with the musket).[footnoteRef:488] [488:  	For more on firing practices of ante-bellum Korean guns, see Hŏ Sŏndo 허선도, “Sin’gibigyŏl (sang) han’guk hwayak pyŏnggi ŭi changbangbŏp ŭl chungsim ŭro 신기비결 (상) 한국화약병기의 장방법을 중심으로 [A Study of Sinkibikyul—with emphasis on the art of loading and firing Korean firearms],” Han’gukhak nonchong 5 (1982).] 

Korea’s first take at the musket suggests a certain vigor to experiment with new knowledge and understand it on their own terms—that is, with available tools and resources, and within the bounds of the established practice. Yet, as we will see in the next section, continued exposure to muskets—and during a particular context that is the East Asian War—led workshops like Kwanbo’s to yield to a different arrangement of skills and practices. The said arrangement would prove more conducive to reenact the snap matchlock exactly as it was.
[bookmark: _Toc33283975][bookmark: _Toc34331789]Breaking the Mold

What distinguished the East Asian War from others was the application of horrendous war machines, old and new. Alongside bows, spears, and swords, it featured unusual ways of destruction: mortars, muskets, gunpowder arrows, Frankish cannon, caitiff exterminators, and the list goes on.[footnoteRef:489] Among this congregation of military machines, the musket would eventually captivate the Korean authorities. In 1593, only a year after the outbreak of war, King Sŏnjo declared that firearms determined the outcome of all battles, and that the snap matchlock in particular was the most “divine” of weapons. After that, the story is well-known in popular and academic literature: the Chosŏn court accepted the technology with surprising alacrity and zeal, revamping the traditional cavalry-based system around musket-toting infantrymen.[footnoteRef:490] Yet, questions have lingered as to how this process looked from the perspective of the shop floor. Did Korean artisans and practitioners—in light of this newfound court interest—come to re-think (and re-make) the musket as an artifact in its own right? Who would support and undertake the domestic production of such an artifact? [489:  	Kenneth Swope, “Crouching Tigers, Secret Weapons: Military Technology Employed During the Sino-Japanese-korean War, 1592–1598,” The Journal of Military History 69, no. 1 (2005).]  [490:  	There is now scholarly consensus that after the Great East Asian War, firearms—particularly muskets—became the main weapon of the Chosŏn military. In Korean scholarship, a long line of scholars such as Hŏ Sŏndo, No Yŏnggu and Yi Wangmu have studied firearms and Korean efforts at maximizing their utility by adopting new tactics, strategy and manufacturing techniques. In the last few years, this scholarship has grown to include articles and a book in the English language and subsequently a series of Korean works examining methods of training, disciplining and deploying musketeers. Writing against this backdrop, there are dissenters such as Felix Siegmund who takes issue with the characterization of Chosŏn armies as “musket-based” and Benedict Pleyer who wrote provocatively that Korean musketry was adopted not for reasons of material efficacy but of political convenience. Nonetheless, as more archival evidence is coming to light, these have become mere qualifiers in the collective assertions that the Chosŏn state prioritized firearms and actively experimented with their practical and tactical usage. Kim, “Chosŏn hugi choch’ong.”] 

This section examines how a new gun workshop arose in Korea that assembled a different set of skills, practices, and knowledges than the ante-bellum cannon foundry. Specifically, it traces the rise of the blacksmith who disrupted the monopoly of cannon makers in the field of Korean guncraft, and firmly established his iron-forged barrel as a centerpiece of production. This shift—from cannon to handgun, and from bronze casting to iron forging—was the first of many radical steps taken by emerging artisans that would deeply entangle Chosŏn with the material culture of the snap matchlock.
Technical changes are fraught phenomena—with social, economic, and political consequences—and the rise of the iron-forged barrel was no exception. In fact, continental East Asians had a peculiar experience: unlike in Japan, where the musket was introduced into the hands of swordsmiths (experts by nature of iron-forging),[footnoteRef:491] the same gun was received differently in China and Korea. Other than pure chance, the difference can be attributed to what Kenneth Pomeranz refers to as the “advantage of backwardness”: while the Chinese and Koreans had deep roots in cannon production, Japanese workshops did not, and this conferred an unforeseen boost to the musket’s ascendancy there.[footnoteRef:492] As we have seen with the case of Korean cannon makers, the presence of a strong, authoritative artisanal tradition can inflect on the scope and timing of new knowledge received. [491:  	Some Japanese historians hypothesized that the first muskets in Japan were also cast in bronze (like Korean small victory cannons), but there is consensus now that this was not the case, and that the musket was indeed introduced into a well-established culture of iron-forging. Tomio, Teppō, 90-101.  ]  [492:  	Kenneth. Pomeranz, The Great Divergence: China, Europe, and the Making of the Modern World Economy (Princeton, N.J.; Oxford: Princeton University Press, 2000).] 

But nothing, as history reminds us, is immune to change: the repeated introduction of muskets into the workshop—and their “effective” demonstration in battle—eventually transformed material culture. In Ming China, the phenomenon was recorded in writing by astute observers. In the Manual of Extraordinary Arms (Shen qi pu 神器譜)—an illustrated book on muskets,[footnoteRef:493] Zhao Shizhen (趙士楨, 1554–1611?) noted as follows: “lately, divine machines (firearms)—large and small—have changed from bronze to iron (yi tong wei tie易銅為銕), and casting has been abandoned in favor of forging (she zhu wu duan 舍鑄務鍛).”[footnoteRef:494] [493:  	Zhao’s work was first printed in 1598 and meant to contribute to China’s fight in the East Asian War. The Japanese use of muskets was considered lethal during the war, and he sought new firearms to outgun the Japanese. There are two editions of this text: an old manuscript version that was later included in a compilation from 1941, and a Japanese reprint with new preface and annotations from 1808. For the former, see Zhao and Zheng, Shen qi pu. For the latter, see Zhao and Shimizu, Jingifu. For a brief discussion in English, see relevant pages in Chase, Firearms.]  [494:  	Zhao and Shimizu, Jingifu, 592–3, 596.] 

	In Korea as well, gun makers shifted to iron forging at the turn of the 17th century. In 1615, for instance, the Firearms Directorate was making small victory cannons but in a way that was no longer familiar to their originators: these remodeled guns now had iron barrels. In justifying the change, authorities at the agency then left behind a telling reflection.
Looking back, the design of [our small victory cannon] is inadequate. Making it by casting is easy, but at the moment of firing, this often leads to [barrels] bursting and damaging human lives. Yet, by forging it out of wrought iron, and repeatedly imitating (rubang 累仿) the musket’s design…[the small victory cannons] become no different from muskets in defending against the enemy, while being not as difficult to produce.[footnoteRef:495] [495:  	This record also suggests other traits were added: “boring the barrel (ch’anhyŏl 鑽穴) and attaching gun sights (chosŏng 照星), both of which are exquisitely skillful techniques, as well as properly stocking (changga 粧家) the barrel.” Hwagi togam uigwe, 78–9: 顧其制度 未備 且以鑄鐵為之故 造成雖易 而放砲之際 多致裂破或傷人命 以正鐵打造 累仿鳥銃之制 鑽穴照星 極其精緻 且有粧家 則造成之難 不至於鳥銃之重 而禦敵之功 與鳥銃無異矣.] 


As shown, Korean practitioners became wary of bronze-casting musket replicas: they were liable to burst.[footnoteRef:496] But given the difficulty of mass-producing the musket, whose manufacturing techniques were yet to be mastered, Koreans struck a compromise: build a hybrid between the small victory cannons and the snap matchlock—or an iron-forged “cannon.” While not quite  [496:  	This is a well-received point that is supported by material science as well as contemporary complaints by injured Chosŏn gunners. Sŏnjo sillok, 1595/9/3: 予令砲手, 以都監所造鍮銃筒, 眼前試放, 砲手一人傷目, 一人傷額, 鍮銃不可用矣. ] 

[bookmark: _Ref35122983][bookmark: _Toc37456289]Table 16. Production Scheme for Remodeled Victory Cannons, 1615.
	
	Small Victory Cannons (Musket style)
	Total Number of Artisans

	Artisan Types

	Blacksmith 冶匠
	20

	
	Driller 穿穴匠
	3

	
	Caster 注匠
	8

	
	Brass plater 豆錫匠
	2

	
	Sight-maker照星匠
	2

	
	Carpenter/Woodworker 木手/小木匠
	2



Source: Hwagi togam uigwe, 13.

replicating the musket, this still meant a sea change on the shop floor: as shown in Table 16, a different arrangement of skill began to emerge, with blacksmiths at the center.[footnoteRef:497] [497:  	Kim Kiung, et al., Hanʾguk mugi paltalsa, 663.] 

How did this happen? It goes back to the aforementioned war, and our best evidence occurs outside of the government-led workshops in Seoul, which were in ruin due to the invasion. Instead, we shall see that it was in a small naval workshop of Yŏsu that Korean practitioners first came to know the musket as primarily an iron-forged tube.
Yŏsu was the military headquarters for Yi Sunsin (李舜臣, 1545–1598), who at the time of the invasion served as the Naval Commander of Left Chŏlla Province. Students of Korean history would have heard of Admiral Yi and his naval feats against the Japanese, but few know of his efforts to reverse-engineer the teppō. During the war, Yi had no problem bringing Korean cannons to bear on Japanese fleets and dwarfing their firepower, which relied mostly on muskets. Yet, having been shot in the shoulder by a Japanese marksman, the admiral could not but duly note the teppō.[footnoteRef:498] As he engaged frequently with the invaders, Yi thus collected their muskets as spoils of war and studied them constantly to understand their nature. Remarkably, by May of 1593—exactly a year after the outbreak of war, the admiral then reported success.[footnoteRef:499] Consider in full the letter he submitted to King Sŏnjo describing his feat: [498:  	Sŏnjo sujŏng sillok, 1592/5/1: 全羅水軍節度使李舜臣, 赴援慶尙道, 大敗倭兵于巨濟之前津…是戰也, 舜臣左肩中丸, 猶終日督戰.]  [499:  	Yi Sunsin 李舜臣, Yi Ch’ungmugong chŏnsŏ 李忠武公全書 [Complete Works of Admiral Yi Sunsin], reprinted in Han’guk munjip ch’onggan, vol. 55 (Minjok Munhwa Ch’ujinhoe, 1990 [compiled in 1795]), 205a: 十二日乙丑, 新造正鐵銃筒, 送于備邊司.] 

Through numerous encounters with the Japanese, an abundance of their muskets were collected, and I kept them always before my eyes, testing the secrets of their manufacture (hŏmgi myori 驗其妙理). Because the barrel is long, the bore is deep and because the bore is deep, the gun has strong propulsion, breaking whatever it hits. But our guns—such as the victory cannons, double barreled cannons, and others (sŭngja ssanghyŏl tŭng ch'ongt'ong 勝字雙穴等銑筒)—have short barrels and shallow boring. Their strength pales in comparison to the Japanese barrels (waet'ong 倭筒), and their explosion not as resonant.

I have thus always wanted to make the musket, and one of my officers Chŏng Sajun (鄭思竣, 1553–n.d.) devised a clever method (sadŭk myobŏp 思得妙法). Along with blacksmith Yi P'iljong (李必從, fl. 1593), a soldier in the naval town of Nagan; private slave Ansŏng (安成, fl. 1593) of Sunch’ŏn; resident-refugee Kŭmhae (金海, fl. 1593); temple slave Tongji (同志, fl. 1593); another temple slave Ŏnbok (彦福, fl. 1593) from Kŏje; and others, Officer Chŏng had it forged from wrought iron (chŏngch’ŏl 正鐵). Its structure is extremely intricate, and the shot as strong as that of the [Japanese] musket. Although there are still subtle differences in the match hammer (lit. “the device for holding the match,” sŏnhyŏl saphwa chi ku 線穴揷火之具), it will be completed in the next several days.

The method of manufacture is also not too difficult, and I first had each town and naval base under my command make more just like it. One prototype (ilyang 一樣) was sent to former Chief Border Inspector (sunch'alssa 巡察使) Kwŏn Yul (權慄, 1537–1599) to be replicated at every town there. As for weapons to defend against the enemy, there is nothing better than these guns, and I herewith submit five wrought-iron cannons along with this letter. I humbly wish that the manufacture of these guns will be ordered everywhere, from the court down to each province and office. It would also be appropriate that managing officer (kamjo kun’gwan 監造軍官) Chŏng as well as blacksmith Yi and others are specially rewarded so that they may be deeply moved and vie to further improve manufacture.[footnoteRef:500] [500:  	Ibid., 160a–c: 謹啓爲上送事, 臣累經大戰, 倭人鳥銃, 所得優多, 常伴目前, 驗其妙理, 則以體長之故, 其穴深邃, 深邃之故, 砲氣猛烈, 觸之者必碎, 而我國勝字雙穴等銃筒, 體短穴淺, 其猛不如倭筒, 其聲不雄, 故鳥銃每欲制造矣, 臣軍官訓鍊主簿鄭思竣, 思得妙法, 率冶匠樂安水軍李必從, 順天私奴安成, 避亂營居金海寺奴同志, 巨濟寺奴彦福等, 以正鐵打造體制甚工, 砲丸之烈, 一如鳥銃, 其線穴揷火之具, 雖似少異, 數日內畢造, 功役亦不甚難, 舟師各官浦, 爲先一樣造作一柄, 則前廵察使權慄處輸送, 使各官一樣制造矣, 當今禦敵之備, 莫過於此, 故正鐵鳥銃五柄, 監封上送, 伏願自朝廷, 各道各官, 並令制造, 而監造軍官鄭思竣及冶匠李必從等, 各別論賞使之感動興起, 爭相效制爲宜.] 


This report begins with Yi’s deep interest in understanding Japanese muskets, which he approached by “testing the secrets of their manufacture.” Here, the admiral distinguished himself as a persistent inquirer of the principles that underlay the teppō: as shown, Yi—after collecting various Japanese specimens and testing them against Korean ones—began to formulate ideas about how the length of barrels and depth of bores correlated with the force of the gun.
	For our purposes here, this report allows us to understand the first Korean musket forged from iron. To be sure, as early as the 2nd month of 1593, some Korean officials were aware that the Japanese teppō was iron-made and interrogated prisoners of war to extract associated techniques of manufacture.[footnoteRef:501] Still, it is suggestive here that Yi coined his replica “wrought-iron cannon” (chŏngch'ŏl ch'ongt'ong 正鐵銃筒), naming it after its base material.[footnoteRef:502] To be sure, the new term may have been a direct translation of teppō, which translates literally as “iron cannon.” But given that he used the standard term—bird gun (choch’ong 鳥銃)—to refer to Japanese muskets in the same report, he probably had a different reason for naming his replica as such: the wrought-iron barrel was what defined it in his eyes.[footnoteRef:503] [501:  	In 1593, a Korean turncoat was interrogated as follows: “How is the iron-forged musket barrel made? How is gunpowder incorporated? How much production is being undertaken in the [Japanese-occupied] city of Py’ŏnyang and also how many artisans are in production? Sŏnjo sillok, 1593/2/21: 鳥銃鐵筒, 何以造作, 火藥亦何以化成, 在平壤所造幾何, 亦令何匠人次知乎?]  [502:  	Yi, Yi Ch’ungmugong, 160a–c. Also see Sŏnjo sillok, 1595/6/27: 見奪正鐵鳥銃, 藏在訓鍊都監.]  [503:  	It is also suggestive that Yi did not simply call it by association as “Japanese gun” (waet’ong 倭筒), or classify it according to the Korean weight class.] 

As acknowledged by the admiral, this new knowledge emerged not from his command post but from a small naval workshop consisting of a soldier-blacksmith, his several assistants, and their supervising officer-manager. This is a division workshop avant la lettre: just as new workshops were springing up in Seoul and under the increasing dominance of military officers as managers (see Chapter 2), wartime demands had already called for a similar setup in Yŏsu. In fact, what was truly anticipated at the Yŏsu workshop was the rise of the blacksmith in military manufacture at large, a trend also seen in division workshops. That it was the blacksmith who came first among the workmen is hinted by the admiral’s abbreviation of the whole group as simply: “blacksmith Yi P’iljong and others.”[footnoteRef:504] This means that rather than a typical cannon foundry, the musket, this time, entered a blacksmith’s shop, equipped with a forge, anvil, vice, hammers, tongs, and so on. And there, at the hands of expert forger Yi Pi’iljong—and with his assistants operating the bloomery forge, a gun barrel would have been built up by wrapping a skelp of wrought iron into a tube and butting the edges together by hammering.[footnoteRef:505] Made in this plain fashion, the manufacture of muskets turned out to be “not too difficult.”[footnoteRef:506] In fact, as Yi suggests, it could even be replicated in any small village or naval base furnished with a forge.[footnoteRef:507] [504:  	Yi, Yi Ch’ungmugong, 160c: 冶匠李必從等.]  [505:  	This basic technique was known in Japan as “udon-style” (udon-bari 饂飩張). Its name took after the manner in which the iron was wrought and kneaded into an oblong plate, which was then wrapped around a mandrill. But the Japanese also had a more costly and labor-intensive process—i.e., the superior and pricier “maki-style” (maki-bari 巻張)—by which the barrel, first made in the above manner, was then enhanced with extra layers of iron—or thin strips shaped like bands of ribbon—by heating and wrapping them obliquely along the barrel. The maki barrel was akin to the Damascus barrel—or the Turkish twist-forged barrel. The procedures for wrapping the barrel are presented in pictorial form in a 1843 manual by the Nakajima gunnery school (中島流). See Tomio, Teppō, 101–6; Nakajima-ryū, 525–6. To compare with Chinese techniques, see Yin Xiaodong 尹晓冬, “Ming dai fo lang ji yu niao chong de zhi zao ji shu chu bu yan jiu 明代佛郎机与鸟铳的制造技术初步研究 [A Preliminary Research on the Manufacturing Techniques of Frankish Cannon and Muskets in the Ming],” in Ming Qing hai fang yan jiu lun cong di san ji 明清海防研究论丛 第三辑 [Works on Maritime Defense during Ming and Qing, Volume 3], ed. Zhang Jianxiong 张建雄 (Guangzhou: Guangdong renmin chuban she, 2009). For more on early European techniques, see James D. Lavin, “A Study of Spanish firearms” (PhD diss., Florida State University, 1964), 174. A good primary source for understanding the various types of barrel-making techniques in Europe is José Francisco Rodrigues, Espingarda Perfeyta: Or the Perfect Gun (London; New York: Sotheby Parke Bernet, 1974).]  [506:  	Yi, Yi Ch’ungmugong, 160c: 數日內畢造, 功役亦不甚難.]  [507:  	What made these wrought-iron guns replicable was not just their simplicity. We must also acknowledge Officer Chŏng’s contribution, described in the sources as “devis[ing] a clever method.” Whatever the officer came up with, it was put to rigorous test by the blacksmith—and modified in the actual process of making. If the “prototype” (kyŏnyang) sent for replication at other workshops included not just a sample but as per usual, also drawings and numerical specifications, then, Officer Chŏng would also have undertaken this. Ibid., 160b: 思得妙法; 215b: 今者百爾思得造出, 鳥筒則最妙於倭筒, 唐人到陣試放, 無不稱善焉, 已得其妙, 道內一樣優造事, 見樣輸送廵察使, 兵使處, 移牒知委.] 

Lastly, the letter shows that this new knowledge—emerging from the hands of artisans and their supervising officer—was then shared with other commanders and King Sŏnjo. How was it received? Alas, the sources do not elaborate, but by Spring of 1594, we can see that the court recruited talented blacksmiths residing in Seoul to join the newfound Military Training Agency and learn the methods of forging muskets. These artisans were then sent to the coastal regions of Hwanghae and Ch’ungch’ŏng provinces, where reserve supplies of iron and charcoal were to be had for production.[footnoteRef:508] In a few months, we learn further that blacksmiths Yi Un (李雲, fl. 1594) and Kim San (金山, fl. 1594) in Hwanghae had forged many muskets and were promoted to the position of palace guards (i.e., doubling of salary).[footnoteRef:509] [508:  	Yu, Sŏae chip, 142b: 若擇取京中善手鐵匠五六人, 來習於都監匠人, 藝成之後, 分送黃海道忠淸道海邊各官炭鐵有裕處爲都會, 連續打造. It is important to note advanced iron-working skills in Korea which go back centuries. Korean blacksmiths had the skill and knowledge to produce high heat and various kinds of quality iron.]  [509:  	Yi, Yanghodang ilgi, 1594/5/25, 104. These may well be independent innovations rather than the transfer of knowledge from the Yŏsu workshop.] 

The development at the Yŏsu workshop probably inspired these events, as it predates the latter by one year, but discoveries through other channels are, of course, possible.[footnoteRef:510] What is clear though is that King Sŏnjo did not think it sufficient. The Korean king was a stickler for high-quality muskets, and the admiral’s hybrid musket was probably a tough sell. To be sure, some Chinese experts reportedly visited Yi’s camp and test-fired his guns, concluding that they had “already obtained the secrets of manufacture.”[footnoteRef:511] Yet, in the 12th month of 1593—months after Admiral Yi’s report, Sŏnjo declared that all Korean replicas made up to that point were “roughly constructed and useless” (ch’ujo muyong 麤造無用). Rather, the king instructed: “The most intricate of Japanese muskets should set the target (chunjŏk 準的) of production and everything heretofore should be made according to the prototype.”[footnoteRef:512] Sŏnjo wanted his muskets built exactly like the Japanese snap matchlock, rather than being spun-off from domestic models—such as the small victory cannons.  [510:  	Tomio Hora, for instance, mentions Yi Chahae who, as we noted in Chapter 2, supervised musket production at the Military Training Agency. Yi, his theory goes, might have produced muskets for the Japanese when they occupied the city of Kaesŏng and learned the methods of manufacture (i.e., iron-forging) then. There is some circumstantial evidence that links Yi to Kaesŏng, but a closer reading of sources shows that the musket-maker who came from Kaesŏng and joined the Military Training Agency was a Korean artisan. Tomio, Teppō, 101–6; Yu, Sŏae chip, 142b: 若擇取京中善手鐵匠五六人, 來習於都監匠人, 藝成之後, 分送黃海道忠淸道海邊各官炭鐵有裕處爲都會, 連續打造.近日都監有匠人一名自開城府來到, 精於製造鳥銃.]  [511:  	Apparently, Chinese experts later visited Yi’s camp and praised his guns. Yi, Yi Ch’ungmugong, 215b: 正鐵銃筒, 最關於戰用, 而我國之人, 未詳其造作妙法, 今者百爾思得造出, 鳥筒則最妙於倭筒, 唐人到陣試放, 無不稱善焉, 已得其妙.]  [512:  	Sŏnjo sillok, 1593/12/2: 我國所造鳥銃, 皆麤造無用. 今勿如是, 以倭鳥銃之精妙者, 爲準的, 一依其樣, 製造可矣; 1595/2/13: 竊聞本道所造, 僅成形體, 而失其制度.] 

What was so lacking about the Korean musket at this point? As acknowledged by the admiral, “subtle differences” rendered his wrought-iron cannons incomplete: namely, the snap lock mechanism (or “the device for holding the match”) had not yet been managed at the blacksmith’s shop. There was also more room for improvement than what Yi would admit to: missing on his barrel was probably the screwed breech plug, a detail that had even embarrassed the best of Japanese smiths.
Were these two components also managed by Korean artisans?

[bookmark: _Toc30108325][bookmark: _Toc33283976][bookmark: _Toc34331790]Assimilating the Workshop

In the Garrison Records, a set of production logs has survived to capture a vivid picture of musket production in Korea at the turn of the 18th century. Namely, from 1684 to 1715, the Palace Guards Division made thousands of high-quality snap matchlocks and attached a list of artisans responsible for each manufacturing run. While other divisions tended to abbreviate this 

[bookmark: _Ref35123234][bookmark: _Toc37456654]Figure 44. Drawing of a Korean Snap Matchlock. Toyo Bunko Collection, Tokyo, Japan. In Essentials of Military Affairs, 1813. A fully-fledged snap matchlock is shown with all of its details, including the barrel (with an institutional mark shortly before the back sight), the match hammer, U-spring, tear-shaped trigger, and a wooden stock with brass plating at the bottom.

list—using expressions such as “artisans of each type” (kaksaek changin 各色匠人), the Palace Guards Division was relatively new (i.e., established in 1682) and took care to spell things out. This has accidentally furnished us with the most exhaustive list of artisans employed in musket production at the time—a total of 17 different craft types, from drillers and borers to locksmiths and screwsmiths (Table 17 and Table 18).[footnoteRef:513] [513:  	As can be seen, the arrangement of crafts remained consistent at the workshop for three decades, suggesting that by this point musket production had stabilized into a predictable routine: there was now a set array of artisans and associated production steps for constructing the Korean musket.] 

These logs show that the most unfamiliar of skills associated with musket manufacture—namely, boring, lock-making, and screw-cutting—were now familiarized (Figure 44). For our purposes, these are the very skills that the Korean musket lacked before, and the same skills that had created the gap between Korean and Japanese models during the East Asian War. How did new knowledge emerge within the Korean workshop—and even to the point of engendering new artisanal identities?
[bookmark: _Ref35123213][bookmark: _Toc37456290]Table 17. Musket Production Logs at the Palace Guards Division, 1684–1715
	Year
	1684
	1701
	1714
	1715

	Planners
	Grandmaster Artisan都邊首 (1)
	Grandmaster Artisan都邊首 (1)
	Grandmaster Artisan都邊首 (1)
	Grandmaster Artisan都邊首(1)

	Barrel Makers
	Blacksmith 
冶匠 (19)
	Blacksmith 
冶匠 (17)
	Blacksmith 
冶匠 (13)
	Blacksmith 
冶匠 (18)

	
	Borer 
鑽穴匠 (62)
	Borer 
鑽穴匠 (53)
	Borer
鑽穴匠 (100)
	Borer
鑽穴匠 (59)

	
	Filer 
鍊磨匠 (37)
	Filer 
鍊磨匠 (33)
	Filer 
鍊磨匠 (38)
	Filer 
鍊磨匠 (48)

	
	Sight maker 
照星匠 (5)
	Sight maker 
火星匠 (4)
	Sight maker 
照星匠 (4)
	Sight maker 
照星匠 (3)

	Locksmiths
	Brass worker
燒炉匠 (1)
	Brass worker
 [燒]炉匠 (1)
	Brass worker
小爐匠 (1)
	Brass worker
小爐匠 (1)

	
	
	Sear maker 
內執匠 (1)
	Sear maker
內執匠 (1)
	Sear maker 
內執匠 (1)

	Stock Makers
	Hewer 
初鍊木手匠 (1)
	
	
	

	
	Stock maker
造家匠 (16)
	Stock maker
造家匠 (11)
	Stock maker
造家匠 (20)
	Stock maker
造家匠 (12)

	
	Stock decorator
粧家匠 (16)
	Stock decorator
粧家匠 (17)
	
	Stock decorator
粧家匠 (17)

	
	Lacquerer 
漆匠 (1)
	Lacquerer 
漆匠 (1)
	Lacquerer 
漆匠 (1)
	Lacquerer 
漆匠 (1)

	Accessory
Makers
	Leather worker
皮匠 (2)
	Powder flask maker
南羅箇匠 (3)
	Powder flask maker
南羅箇匠 (1)
	Powder flask maker
南羅箇匠 (1)

	
	Priming flask maker
耳藥桶匠 (1)
	Priming flask maker
耳藥桶匠 (2)
	Priming flask maker
耳藥筒匠 (1)
	Priming flask maker 耳藥桶匠 (1)

	
	
	Cartridge maker
藥管竹匠 (1)
	Cartridge maker
藥管竹匠 (1)
	Cartridge maker
藥管竹匠 (1)

	Other
	Brass plater
豆錫匠 (2)
	
	
	

	
	Drafter 
起畵匠 (1)
	Drafter 
[起畵]匠 (4)
	Drafter 
起畵匠 (2)
	Drafter 
起畵匠 (2)

	
	Polisher 
取色匠 (3)
	Polisher 
取色匠 (2)
	Polisher 
取色匠 (2)
	Polisher 
取色匠 (2)

	
	Driller
穿穴匠 (2)
	Driller
穿穴匠 (2)
	Driller
穿穴匠 (2)
	Driller
穿穴匠 (1)

	
	Screwed nail maker 螺絲釘匠 (2)
	Screwsmith 
羅絲匠 (2)
	Screwsmith 
螺絲匠 (2)
	Screwed nail maker 螺絲釘匠 (2)

	Total # of Artisans
	172
	156
	190
	171

	Total # of Craft Types
	17
	17
	16
	17

	Volume of Production
	1,100 muskets,
10 special muskets (別造鳥銃) with accessories
	1,000 muskets,
10 special muskets (別造鳥銃) with accessories
	1,100 muskets,
10 special muskets (別造鳥銃) with accessories
	1,000 muskets,
10 special muskets (別造鳥銃) with accessories



Source: Kŭmyŏng tŭngnok 禁衛營謄錄 [Records of the Palace Guards Division] (n.p., 1709–1852), Kyujanggak Collection, Kyu 19354, 1684/10/6; Kŭmwiyŏng tŭngnok, 1701/11/24, 1714/3/3, 1715/1/9.


[bookmark: _Ref35123218][bookmark: _Toc37456291]Table 18. Musket Production Scheme at the Palace Guards Division, 1684–1715
	
	Artisan Type
	Description of Work

	Planners
	Grandmaster Artisan
	Senior artisan that presumably assembled parts and assisted the officer-manager in coordinating craft types

	Barrel Makers
	Blacksmith
	Wrapped strips of iron into a tube (crude barrel) and made breech plugs

	
	Borer
	Enlarged the hole in the barrel through boring bits and cut female screw threads on the interior wall of the breech

	
	Filer
	Filed the cylindrical barrel into an octagonal shape

	
	Sight maker
	Made and attached a pair of front and back sights on the barrel

	Locksmiths
	Brass worker
	Cast all brass parts of the lock—including the lock plate, U-shaped spring, match hammer, trigger, pins, and powder pan

	
	Sear maker
	Made the only iron part of the lock—the sear, a pivoted metal arm inside the stock that catches the match hammer

	Stock Makers
	Hewer
	Hewed logs of red oak (discussed below) into appropriate pieces

	
	Stock maker
	Cut and polished the wood into the shape of the stock, carved out crevices for the barrel and lock.

	
	Stock decorator
	Decked the stock with brass embellishes. Presumably also carved and inlaid institutional mark onto the barrel.

	
	Lacquerer
	Applied lacquer to the wooden stock

	Accessory
Makers
	Powder flask maker
	Made powder flasks to store main charge

	
	Priming flask maker
	Made priming flasks to store charge for the powder pan

	
	Cartridge maker
	Made paper cartridges for quick-loading

	Other
	Brass plater
	Made tanjisoe (丹只[金]) to plate the exterior of the stock, for instance, the bottom end

	
	Drafter
	Drew patterns onto the surface of the barrel on ornate pieces for submission to the court. Examples include:

	
	Polisher
	Polished the surface of various metal pieces on the gun

	
	Driller
	Originated holes on the gun, for instance, the underside of the barrel and the wooden stock (for wooden pins to pass through them both and hold them together)

	
	Screwsmiths
	Made small screwed nails to fasten the lock to the stock



Source: Kŭmyŏng tŭngnok, 1684/10/6; Kŭmwiyŏng tŭngnok, 1701/11/24, 1714/3/3, 1715/1/9.

I argue it had to do with the wartime policy of co-opting foreign techniques and technicians—and with the Korean artisans who rose to the occasion and apprenticed in new crafts. As we have noted previously, the Chosŏn court was keen on adopting new military knowledge and artifacts to turn the tide of a seemingly impossible war. In fact, careful readers would recall that it was from this very context that the Korean division system was born and the associated Chinese technical manuals (such as the New Book) translated and implemented. When it came to the musket, the same vigor held: thanks to King Sŏnjo’s aforementioned interest in reenacting the snap matchlock, it was made official policy to absorb whatever techniques possible and to learn from Chinese and Japanese alike.
Let us first contextualize these acts of technology translation and then delve into the nuts-and-bolts of each technique. First, Korean workshops learned from Ming officers and practitioners. As early as the 2nd month of 1593—less than a year after the outbreak of the war, Company Vice-Commander Zhou (周百總, fl. 1593) came forth to transmit Ming techniques of musket and saltpeter production. At the time, after learning King Sŏnjo’s interest in firearms, Zhou made an unsolicited offer to supervise Korean artisans and “teach every single detail (iril kyoji 一一敎之) without holding anything back (somu ŭnhwi 少無隱諱).”[footnoteRef:514] The records do not detail whether Zhou delivered on his promises, but we know from other similar episodes that meaningful exchanges did take place between Ming firearms experts and Korean practitioners (Table 19).[footnoteRef:515] [514:  	Sŏnjo sillok, 1593/2/10: 則其人乃百總姓周者, 造銃之制, 焰硝之法, 一一敎之, 少無隱諱, 其法甚非難成. 且自言: ‘如得善匠, 我當觀監造成’ 云. 若得此法, 我國萬世之利也. 善手冶匠及焰硝匠, 各數人, 急急廣求招來, 斯速學習, 其人各別厚待, 若得傳習, 則贈以重物事相約. 此意, 密言于兵判, 秘密爲之. ]  [515:  	Also, as we have addressed in previous chapters, it was through these exchanges that our artisan-turned-manager Cho Ch’ŏnjong apprenticed to make Chinese firearms, and Cho Sejin learned techniques of toxin-making.] 


[bookmark: _Ref35123581][bookmark: _Toc37456292]
Table 19. Wartime Exchanges with Ming Officers, 1592–1598[footnoteRef:516] [516:  	There were many more episodes of knowledge exchanges between Ming and Korean allies. As summarized in Table 5, Chinese officers served as guest instructors in the Military Training Agency, training Korean recruits in the field, partaking in drill, and serving as evaluators in skills tests; some officers remained for years and until after the war, and later in the 17th century, there were even special “Chinese troops” within the agency.] 

	1593/2/10
	Company Vice-Commander Zhou (周百總) came forth to transmit Ming techniques of musket and saltpeter production
	Sŏnjo sillok., 1593/2/10.

	1593/6/8
	Korean gunsmiths sent to apprentice with Luo Shangzhi (駱尙志)
	Ibid., 1593/6/8.

	1593/6/18
	Ten Ming officers under Luo Shangzhi trained Koreans in gunnery, musketry, close-quarter combat, and the use of bamboo-tipped spears. Two officers stayed to complete the instruction of Koreans in the Military Training Agency for two years. They were Chief Military Commander (中軍) Jia Dacai (賈大才) who excelled in martial arts and the Division Commander (千摠) Wen Yu, expert in gunnery (熟諳火炮制度).
	Yu, Sŏae chip, 124d–6a; Yi Tŏkhyŏng 李德馨, Hanŭm sŏnsaeng mun’go 漢陰文稿 [Manuscripts of Yi Tŏkhyŏng], reprinted in Han’guk munjip ch’onggan 한국문집총간, vol. 65 (Minjok Munhwa Ch’ujinhoe, 1996 [originally 1668]), 391d–2b; Sŏnjo sillok, 1594/4/15.

	1593/10/6
	Staff Official Yi Chahae (李自海) to cooperate with interpreter and learn from military experts in the Ming barracks.
	Sŏnjo sillok, 1593/10/6.

	1593/12/24
	Division Commander Shao (邵千總) taught Korean musketeers how to drill.
	Ibid., 1593/12/24.

	1594/4/15
	Staff Official Han Kyo specialized in inquiring Ming officers about the New Book of Effective Techniques.
	Ibid., 1593/4/15.

	1595/3/24
	Ming officers in the Military Training Agency were sent down to each province. Two firearms experts—Wu Tianming (吳天明) and Wu Shouren (吳守仁)—were dispatched as well.
	Ibid., 1593/4/17.

	1594/7/19
	Ming officers evaluated Korean soldiers in the Military Training Agency
	Yi, Yanghodang ilgi, 1594/7/19, 141.

	1598/7/25
	A squad of elite Korean soldiers was selected to visit the Ming barracks with Staff Official Han Kyo (韓嶠) to be evaluated and to inquire after Ming methods in the New Book.
	Sŏnjo sillok, 1598/7/25. 




絲轉), and so on. Here, it is important to note that such new knowledge was being processed and distributed by staff officials in the Military Training Agency who specialized in translation (pŏnyŏk chi sa 翻譯之事):[footnoteRef:517] for instance, one of the resulting titles, Translation of Firearms (Hwagi pŏnyŏk 火器翻譯), was a vernacular rendition with illustrated explanations about gun manufacture.[footnoteRef:518] [517:  	Sŏnjo sillok, 1593/5/17: 訓鍊都監啓曰: "郞廳韓嶠, 問千總在時, 將紀效新書, 專意學習, 頃令專掌撰出飜譯之事.”]  [518:  	Yi, Yanghodang ilgi, vol. 2, 1592/11/17; Sŏnjo sillok, 1596/12/8: 火器飜譯, 分給各哨, 使之預講試放之法, 來春爲始, 以前項各樣大砲, 輪回試才爲當. 匠役之設, 日月不爲不久, 而費料塞責之弊, 果如上敎, 更令査考前後官員, 日役多少, 所造精麤, 別施賞罰, 今後更爲嚴督, 俾令精緻可矣. It is unlikely that these manuals ended up in the hands of Korean artisans, but the possibility existed certainly that their supervisors would try out the newly vernacularized terms in their communication on the shop floor, as well as sharing relevant technical drawings with the workmen for reference.] 

From the perspective of the shop floor, however, the Japanese craftsmen were arguably more vital: they not only outnumbered their Chinese counterparts, but were also skilled practitioners who actually joined Korean workshops and rubbed shoulders with local artisans. Initially, Japanese prisoners and surrenders were subject to killing rather than keeping. Yet, driven by a strong interest in co-opting Japanese techniques, King Sŏnjo soon began a welcoming policy. Consider, for instance, his special instructions in 1594.
Now that the Japanese have defected to our side, we cannot but take care of them…As for those left in Seoul, give them a military position to make guns and swords, teach swordsmanship, or prepare saltpeter. If their skills can be mastered, then the enemy’s techniques become ours. Let the Border Defense Council know that [our men] should be diligent, that they should not consider them [disdainfully] as Japanese bandits (waejŏk 倭賊) and be neglectful in learning their skills.[footnoteRef:519] [519:  	Sŏnjo sillok, 1594/7/29: 倭旣來投, 不可不厚撫. 外方可送者, 則斯速下送, 其中可留者, 留置京中, 除以軍職, 或鑄劍銃, 或敎劍術, 或煮焰硝. 苟能盡得其妙, 敵國之技, 卽我之技也. 莫謂倭賊, 而厭其術慢於習, 着實爲之, 言于備邊司. Also, King Sŏnjo instructed Korean authorities to treat the Japanese well and provide them with warm clothing in the winter. Ibid., 1596/9/20: 徒爲留置而不加撫恤, 欲得其心難矣. 京中留在 前後降倭, 各給冬衣次, 可也.] 


Thanks to this injunction and many others,[footnoteRef:520] it became standard protocol—whenever there were new Japanese captives or surrenders—to dispatch a team of Korean officials and interpreters to inquire after their skills in weapons manufacture.[footnoteRef:521] When simple inquiries were not enough, these prisoners of war were given temporary accommodations in Seoul to demonstrate.[footnoteRef:522] In fact, among several thousands of Japanese captured or defected during the war,[footnoteRef:523] as many as 300 Japanese smiths were reportedly vetted in this way and made salaried craftsmen at the nascent Military Training Agency—i.e, in-house as well as satellite workshops in the provinces.[footnoteRef:524] Occasionally, high-ranking officers like Sayaka (沙也可, 1571–1642)—who went by Kim Ch’ungsŏn (金忠善) in Korean—also defected, and they brought along their skilled subordinates. Namely, one of his men Kim Kyesu (金繼守, n.d.; Japanese name unknown) directly instructed Korean artisans in the new methods of musket and powder manufacture.[footnoteRef:525] [520:  	Ibid., 1594/7/24: 降倭中, 解劍, 槍, 鳥銃, 煮焰, 留置事, 累次下敎.]  [521:  	It is rare to find actual questions used during the interrogation, like the one discussed above with the Korean turncoat in 1593. For another example, see Ibid., 1595/4/19. Interrogations took place on a regular basis because all reports mention special skills (or lack thereof) held by Japanese captives and surrenders. For examples, see Ibid., 1593/6/16: 前有生擒倭二名, 一名煮取焰硝, 一名造作鳥銃. 煮焰者, 送于寧邊, 保授官人, 自秋爲始, 焰硝多數煮取, 造爲鳥銃者, 送于産鐵某邑, 亦令保授官人, 鳥銃多數造作事; 1593/7/9: 此倭自稱能知鳥銃, 焰硝之法, 留使傳習可矣; 1594/8/2: 古沙老文, 解鑄劍銃之法云. 此等倭, 何不留置, 依前敎傳習耶.]  [522:  	Sŏnjo sillok, 1594/8/2: 其中要時之老, 信蘇足音, 査于乂三倭, 稍解煮焰之法. 此倭則姑留京中, 厚其衣食, 使之煮焰, 以試其能何如.]  [523:  	Estimates range from 5,000 to 10,000. Records of processing about 600 of them are found in the sillok. For more, see Han, Chosŏn chŏngi hyanghwa, 145–51.]  [524:  	 Kim Ch’ungsŏn 金忠善, Mohadang chip 慕夏堂文集 [Literati Collection of Kim Ch’ungsŏn], reprinted in Han’guk munjip ch’onggan sok 한국문집총간 속, vol. 17 (Minjok Munhwa Ch’ujinhoe, 2006 [compiled in 1798]), 27c–9a: 先是我國本無鳥銃, 不知炙焰焇搗火藥放丸之事, 公講和之後, 卽謂于兵使, 始敎以鳥銃造藥之法, 故二十一年癸巳, 朝家別設訓鍊廳, 募入碧潼降倭三百餘名, 造藥做砲, 公又使軍官金繼守, 繼忠等, 使之敎鍊各道江邊, 造出火砲鳥銃之際, 古有破鍾埋在鍾樓, 故公謂于體察使, 以其破鍾之鐵, 冶鑄火砲鳥銃等物. For other examples of Japanese surrenders being recruited into the Agency, see Sŏnjo sillok, 1594/2/29: 屬于訓鍊都監, 給料傳習, 不得已然後, 隨後處置可也; 1596/9/20: 此倭善煮焰硝, 能放鳥銃云. 令訓鍊都監, 依他倭留置, 恤養何如.]  [525:  	As these Japanese practitioners entered the Korean shops, they presumably demonstrated their skill in front of local artisans and with Korean production managers watching over their shoulders and perhaps taking notes. The authenticity of Sayaka’s literati collection is questioned. But when it comes to his role in transmitting musket manufacture, we can confirm this through little-known evidence on Kim Kyesu, his skilled subordinate. Yu Sŏngnyong 柳成龍, Chinsarok 辰巳錄 [Records of 1592–1593], trans. Yi Chaeho 이재호 (Sŏae Sŏnsaeng Kinyŏm Saŏphoe, 2001 [1592–1593]), 1592/9/14.] 

This shows that vigorous activities of textual translation—combined with the skillful acts of material translation—furnished Korean workshops with new knowledge about musket-manufacture. But how exactly did the Korean borer, locksmiths, and screwsmith emerge?
Let us begin with boring. Boring is the act of enlarging an existing hole, which needs to be distinguished from the related yet distinct job of drilling, the craft of originating a hole. In Chosŏn, the two had closely sounding names—ch’ŏnhyŏl (drill) and ch’anhyŏl (bore)—and the former was a longstanding craft that went back centuries, whereas the latter took off in Korea only after the 17th century. The rise of boring had everything to do with musket-manufacture and specifically, the forging of musket barrels from wrought iron: when the blacksmith rolled slabs of iron into a cylinder, the resulting tube had a small hole in the center that then needed to be expanded uniformly throughout.[footnoteRef:526] Adapted to this task were the borers who introduced metal bits from the breech end, using a consecutively larger one to cut into the barrel’s wall and thereby gradually enlarge it. These boring bits were generally very long, extending along the length of the barrel, so that they would cut with equal thickness throughout—letting the gun be “perfectly upright,” or “straight.”[footnoteRef:527] [526:  	Qi Jiguang 戚繼光, Ji xiao xin shu: shi si juan ben 紀效新書 : 十四卷本 [The New Book of Effective Techniques: 14 fascicle edition], edited by Fan Zhongyi 范中義 (Beijing: Zhonghua shu ju, 2001 [originally 1584]), 56: 鳥銃所貴在于造時鍛鐵熟, 兩筒相包, 原孔甚小, 用鋼鑽鑽之, 一日鑽寸許, 至底而止, 一月鑽光者為上.]  [527:  	Henry James Pye, The Sportsman’s Dictionary; Containing Instructions for Various Methods to be Observed in Riding, Hunting, Fowling, Setting, Fishing. The Management of Dogs, Game. And the Manner of Curing Their Various Diseases and Accidents. (London: J. Stockdale, 1807), 424; Yungwŏn p’ilbi, 17: 鑽穴洞直.] 

As early as 1594, Korean authorities first encountered the notion of boring through the New Book. Namely, State Councilor Yu Sŏngnyong took note of a relevant passage that read as follows: “use a steel bit to bore it [the crude barrel], allowing a mere 1 cun (about 3 cm) per day until reaching the end, and in this way, the superior ones are bored for a month until it gives off a shine.”[footnoteRef:528] What could this process have looked like? According to the technological treatise by Zhao—a close affiliate of the author of the New Book, Ming workshops employed a large-scale boring machine operated by three artisans: two of them operated the spindle by pulling the straps (wrapped around the said spindle) left and right, while a third clamped the barrel with pliers for a sharper cut (Figure 45).[footnoteRef:529] This technique, however, would have escaped Korean readers of the New Book: the military training manual describes how to tell good barrels from bad, but mentions no detail about their actual manufacture.[footnoteRef:530] [528:  	Qi, Ji xiao xin shu, 56: 用鋼鑽鑽之, 一日鑽寸許, 至底而止, 一月鑽光者為上; Yu, Sŏae chip, 142b: 但鳥銃爲器, 極爲精巧, 造作甚難, 故紀效新書亦以一月鑽穴爲上.]  [529:  	Zhao and Shimizu, Jingifu, 497–8: 筒成, 先磋去粗黑皮, 作八棱, 將前後門十字分中, 吊准墨線, 插鑽架上, 架頂用一線吊下, 直對筒上前面墨線, 再將角尺從吊線橫比筒上. 墨線-般用木楔楔定. 兩人對鑽, 又一人用鉗將鑽根提著, 使鑽得旋轉伶俐, 鑽要長短, 用五六根, 自一尺起, 每根旋添長三寸至二尺五六寸, 三尺為止. 先鑽上口, 至中間翻轉, 從底再鑽, 相通為度. 交接之處星宣趟看線.]  [530:  	Indeed, when Yu shared his reading with King Sŏnjo, he simply highlighted the importance of boring in musket-manufacture and described the task as extremely costly and labor-intensive. Yu, Sŏae chip, 142b: 是鳥銃一柄, 用一人一月之力, 然後方爲可用, 其難成而可貴也如此.] 

There is, of course, the possibility that the Ming officers and experts may have transmitted boring techniques to Koreans orally. After all, the Korean word for boring—ch’anhyŏl—was derived from the Chinese zuanxue. We know, however, that the large-scale boring mechanism of Ming style would have been misplaced in Korean workshops, where borers worked within space constraints—in rooms as small as 2 k’an.[footnoteRef:531] In fact, this—together with the fact that Korean boring tasked several dozens of workmen for just one production line—hints that the technique transmitted was a cruder and highly labor-intensive method, likely from Japan. [531:  	Changyongyŏng taejŏlmok, Ch’ŏngsa 廳舍: 鑽穴匠二間.] 



[bookmark: _Ref35123671][bookmark: _Toc37456655]Figure 45. Chinese Boring Machine. Zhao and Zheng, Shen qi pu, 59–60. Shown on the left is the layout of equipment, including the wooden platform for fixing the barrel, the leather strap drill, and a set of five boring bits. Shown the right is the team of three borers at work. 

In 1595, a Korean official and interpreter approached a group of 11 Japanese surrenders—including Sukeshirō (助四郞, fl. 1595) and Rōkojomon (老古汝文, or Rokuemon 六右衛門, fl. 1595)—with wine and snack, and inquired them about Japanese methods of musket-making. This particular group of surrenders were no craftsmen, and they clarified that they were “originally musketeers and did not have special skills, other than shooting and making gunpowder.”[footnoteRef:532] Still, the conversation yielded an important hint about how Japanese borers worked at the time, and the skill that would eventually transmit into Korean hands. “Japanese artisans,” they explained, “bore a musket barrel in a team of two while facing each other and accomplished one barrel in three days” (yangin taech'an samil 兩人對鑽三日).[footnoteRef:533] [532:  	Later, a staff official from the Military Training Agency was dispatched to write down their recipe for making gunpowder. Sŏnjo sillok, 1595/4/19: 政院, 以備邊司降倭供招, 啓曰: “臣持酒饌, 與譯官朴大根, 往饋降倭 助四郞, 老古汝文等十一名…又問: ‘汝等有何技能乎?’ 對曰: ‘俺等, 本以砲手, 稍解放丸合藥, 別無他技.’”]  [533:  	Ibid., 1595/4/19: 但日本工匠鑽鳥銃之穴, 則兩人對鑽三日, 得鑽一柄.’ 云. 且其放丸合藥之規, 則訓鍊都監郞廳與臣, 一時詳問而來矣.] 

What could this have looked like? In the most rudimentary example, a Japanese individual took a crude barrel forged by the blacksmith, wedged it into two parallel poles (katagi 堅木), and then bored it by using a “rough bit” (ara-kiri 荒錐) and then a “finishing bit (shiaga-kiri 仕上錐).”[footnoteRef:534] But this method was for making short barrels (mounted onto pistol-like pieces), and what Sukeshirō and others referred to was probably a vertical boring technique with two sets of torque handles. With this setup, a pair of borers would each grasp two ends of the handle (probably at waist level) and then turn them to one side while pushing downward (Figure 46). [534:  	Nakajima-ryū, 525–6. Also see Udagawa Takehisa 宇田川武久, “Teppō seisaku gijutsu no nazo 鉄炮製作技術の謎 [The Enigma of Musket Making Techniques],” Rekihaku 114 (2002).] 

Whichever technique was introduced,[footnoteRef:535] it was ultimately up to the Korean practitioners to rise to the occasion. At an early stage, that is 1615, there were still no mention of a separate group of borers, but some Korean drillers had learned the technique, which in fact was a natural extension of their existing skill.[footnoteRef:536] During the course of the 17th century, then, as the snap matchlock became a mainstay of military production, the notion of “boring” separated and crystallized into a new category. As we have seen, the Palace Guards Division employed several dozen borers, and they were in fact the most numerous: borers comprised a staggering 41% of the entire workshop, followed only by filers (23%) and blacksmiths (10%) (Table 17).[footnoteRef:537] [535:  	What we understand so far is as follows. A workshop inventory shows several kinds of bits—of long, medium, and short lengths (ch’anhyŏl tae-chung-so ch’u 鑽穴大中小錐)—and this suggests that Korean borers worked with incrementally larger (or longer) pieces. Simyŏng konggakko chunggi ch’aek 沁營公各庫重記冊 [Inventory of the Kanghwa Division] (Kanghwa: n.p., 1895), Kyoto University Library, Kawai Bunko, 51, Kun’gigo kunmul 軍器庫軍物: 鐵鑽穴…鑽穴大中小錐. Depending on the job, Korean borers used different kinds of equipment. Yŏngjo kukchang togam ŭigwe [英祖]國葬都監都廳儀軌 [Royal Protocols for the Funeral Rites of King Yŏngjo] (Kukchang togam, 1776), Kyujanggak Archives, Kyu 13581, f. 2, 294a: 鑽穴匠所用, 穿穴刀五介, 大非排三介; Hyoŭi wanghu kukchang togam ŭigwe [孝懿王后]國葬都監儀軌 [Royal Protocols for the Funeral Rites of Queen Hyoŭi] (Kukchang togam, 1821), Kyujanggak Archives, Kyu 13649, f. 3, 78b: 鑽穴匠所用, 白牛皮一張, 布手巾四件, 眞油一升; Hyŏnjong ch’usŭngho Yŏngjo sajonho sangjonho togam ŭigwe [顯宗追尊號英祖四尊號]上尊號都監儀軌 [Royal Protocols for Honoring Hyŏnjong and Yŏngjo] (Sangjonho togam, 1773), Kyujanggak Archives, Kyu 13265, f. 1, 149: 鑽穴匠所用, 大刀升五箇, 假凾十隻. For other related tools (or terms), see Hwagi togam uigwe, 140: 鑽手十介…鑽竹三十五介.]  [536:  	Drillers are said to have “bored” at the Firearms Directorate. Hwagi togam uigwe, 145. ]  [537:  	This workshop also had drillers, but the latter now focused on making new holes on the wooden stock and barrel, a job for which only two artisans sufficed (Table 17).] 

But more telling than these numbers is the perception of importance: out of as many as 17 different crafts, borers and blacksmiths were the two that were considered most crucial. In 1721, for instance, when a new regulation on firearms tightened quality standards, all military matchlocks were now to bear—on their barrels—the name of the master blacksmith and borer responsible for their construction.[footnoteRef:538] This is why, we might recall, just two names are found on the barrel of the Kanghwa musket: blacksmith Samch’ang and borer Oksŏn (Figure 32). This requirement to inscribe one’s name was no luxury: if upon inspection, the barrel did not fit the prescribed size of bullet, the borer was punished with beatings according to the number of deficient barrels and then made to deliver them again.[footnoteRef:539] Still, the arrival of the snap matchlock in Korea gave birth to a new category of artisans whose craft was at once valued and regulated by court. [538:  	PT, 1729/5/25. This regulation responded to reports of poor manufacture in the regional workshops but was then applied broadly to all military workshops. Ibid., 1729/4/8: 鄕工終不如京匠, 且月課契其來已久, 亦係都民生涯, 猝難變革, 大抵器械不利, 自有當律, 而昇平旣久, 凡於軍器造作之際, 監任工匠, 多不致力, 以有此弊, 更宜嚴立科條, 從今以往, 火藥一依火砲式, 各別猛劑, 鳥銃必以二錢五分, 容丸鑽穴, 而邊首姓名及年條, 與某衙門箇箇刻標, 五年內如或執頉, 則自該邑論報上送, 考其刻標, 其時監事將校, 所造邊首, 依法科罪後, 卽爲改造下送.]  [539:  	PT, 1729/5/25: 鳥銃依古制鑽穴, 能容三錢重鉛丸, 而若丸不入銃口, 則便是無用之器, 鑽穴匠十柄以下, 決棍三十度, 二十柄以上, 五十度後, 竝使渠更鑽爲白齊. Also see mentions of poor boring. Ibid., 1729/4/8: 銃口之窄難容丸, 誠如所陳, 丸之重者三錢, 輕者二錢五六分, 自是兵家定制, 而近來造銃不如古制, 丸不容穴者, 此由於鑽穴工匠等, 不欲費力之致, 倉卒斲削, 事多急, 已驗於昨年出征時…而各邑曾儲火藥之不猛者, 鳥銃中穴窄者, 卽令改搗加鑽.] 







[bookmark: _Ref37462819][bookmark: _Toc35117716][bookmark: _Toc35118075][bookmark: _Toc37456656]Figure 46. Japanese Boring Techniques. In Nakajima-ryū hōjutsu kankiroku, 19th century. Shown on the left is a simple method using wooden poles and a single torque handle for horizontal boring. Shown on the right is a vertical boring method with two sets of torque handles.

What about the lock and screw? The two stories can be told together as they were both managed by Korean casters (chujang 注匠). The art of casting was a versatile one, and it included at least three subordinate skills—i.e., melting and pouring into a mold (churyŏn 注鍊), welding (pujŏp 付接), and filing (yŏnjŏng 鍊正).[footnoteRef:540] These skills seem to have been shared broadly with other metal casting artisans—especially founders (kwŏllojang 權爐匠) and brass workers (sorojang 燒爐匠). But strictly speaking, casters tended to craft smaller objects that required greater precision work and specialize in iron.[footnoteRef:541] As we will see, this distinct group of artisans would play a key role in producing the most difficult and intricate of gun parts. [540:  	Historians have put forth two competing theories about the nature of the caster’s skill: 1) some have read chujang as chuljang (乼匠, “file artisan”) who used the file (also known as rasp) to cut or polish metal surfaces, and 2) others—like Chang Kyŏnghŭi—argued that these artisans specialized in pouring molten metal, which distinguished them from the homophonic chujang (鑄匠) who allegedly made castings from start to finish while “pourers” (注匠) specialized just in pouring. Chang Kyŏnghŭi 장경희, “Chosŏn sidae ch’ŏlmul chejak changin yŏn’gu 조선시대 철물제작 장인 연구 [Metalworkers in Chosŏn],” Chohyŏng tijain yŏn’gu 17 (2014), 64. Neither seems to capture the versatility of these artisans who had at least three skills—melting and pouring into a mold (churyŏn 注鍊), welding (pujŏp 付接), and filing (yŏnjŏng 鍊正). Also, they too made artifacts from start to finish in certain occasions, so the distinction with the homophonic chujang is not clear and worthy of further investigations. Hwagi togam uigwe, 144–5: 注鍊付接後一日鍊正.]  [541:  	Founders tended to cast larger objects or focus on setting up the furnace and readying crucibles; as for brass workers, they made a greater array of artifacts—from ritual chimes and chopsticks to scissors and caldrons. See relevant pages in Kim Chihyŏn 김지현, “Chosŏn hugi ŭigwe sok yugijang ŭi chejak kisul kwa soyong togu [The Brass Worker’s Manufacturing Techniques and Tools in the late Chosŏn Royal Protocol Books] 조선후기 의궤 속 유기장의 제작기술과 소용도구,” Muhyŏng yusan 2 (2017); Chang, “Chosŏn sidae ch’ŏlmul.”] 

	Locks are tricky mechanisms that require precision metalworking skills. In terms of snapping locks, several intricate parts need to cast or forged exactly to shape and fitted closely for proper performance. Three parts are most crucial: 1) the mallet that clamps the match, 2) a pivoted metal arm inside the stock—also known as sear—that catches the said mallet, and 3) the spring that drives the snapping action (Figure 47). By juxtaposing how these were made and assembled in the Korean lock vis-à-vis its East Asian counterparts, we find an unequivocal 


[bookmark: _Ref35123835][bookmark: _Toc37456657]Figure 47. Disassembled lock mechanism. The serpent-shaped metal arm in the top left is the match hammer (“serpentine”), and the U-shaped object at the bottom the double-leaf spring. Shown in the middle (below the lock-plate, which can be identified as the longest part with many apertures), is the sear. The sear is distinguished by the color and rusting on its iron surface.

Japanese influence: just like the teppō, the Korean musket has an all-brass lock construction, except the iron-forged sear (discussed below); the Chinese snap matchlocks, on the other hand, are invariably of iron, with steel springs.[footnoteRef:542] [542:  	Tom Philip to the author. “There is a marked difference in lock construction as well. Chinese snapping matchlocks are invariably of iron, with steel springs, whereas those of Japan are of brass. Why the Japanese persisted in an all-brass lock construction (as did the Malays) despite their skill in working iron and tempering steel is something worth exploring. If Japanese artisans did train Chinese protegés, this is another aspect of the craft that didn't rub off. Functionally, the iron locks are far superior—even the crudest Chinese snap matchlocks have mostly come down to us in acceptable to excellent working order, whereas a lot of Japanese ones which have seen extensive use are in need of adjustment or repair. Not because of any inherent deficiency in design, but rather the choice of a material that doesn't wear as well when used for moving parts.”] 

This choice of brass, we might recall, was passed on from Malay artisans, and it posed certain functional issues: brass is resistant to rust, but when used for small moving parts it does not have the same “springy” nature and tends to wear easily (requiring adjustment and repair more so than iron). Thus, when the snapping lock fell into Japanese hands, it was revised in the most subtle ways to combat the problem: local smiths made just the sear mechanism out of iron rather than brass. Korean locks also have iron sears, and in fact we even see a separate category of iron-working artisans who specialized in their construction—the sear makers.
Sear makers can be identified in the aforementioned production logs as “inner catch makers” (naejipchang 內執匠). This term is a meaningful transcription of a vernacular word—“inner mallet metal” (an kongisoe 內杵金)—probably used on the shop floor. The word “catch,” then, was added later to better capture the function of the mechanism, which was not a “mallet” per se. It seems, however, that there were competing terms referring to the same thing such as “knocking metal” (tosŏk/soe 島石, tojuk/dae 搗竹), which probably eventuated in the modern Korean term pangasoe (방아쇠) for trigger.[footnoteRef:543] Incidentally, the sear is described as “inner” because it is indeed hidden within the stock; this is also in contradistinction with the “exterior” brass mallet (match hammer) that clamped the source of ignition, which was referred to simply as “mallet metal” (kongisoe 杵鐵/金).[footnoteRef:544] [543:  	Panga (방아) means mortar and kongi (공이) pestle.]  [544:  	For examples of this alternative term, see SJW, 1785/7/26: 搗竹; 1639/10/14: 島石. For a useful source to distinguish between the inner and exterior mallet, see Ibid., 1785/7/26: 鳥銃則穴塞家破, 無杵鐵, 搗竹者無數. References to the match hammer are easier to find. Ibid., 1729/1/9: 鳥銃, 杵鐵等事; 1742/10/14: 大內有一古銃, 相傳以爲南蠻銃, 制樣極精巧, 故抽見之, 則火門澁而杵鐵不起; Chŏngjo sillok, 1785/6/17: 鳥銃破傷之外, 小小釘環, 或存或無, 而杵鐵不順者, 潦夏濕氣之故也.] 

The first record of a Korean sear maker occurs in 1639 when the Government Arsenal—taking after the new division workshops—established its own production of snap matchlocks. At the time, as the following report shows, the craft was still new and its masters very rare.


Ku Pongsŏ reported on behalf of the Special Manufactory (Pyŏljoch'ŏng 別造廳) at the Government Arsenal: “Making a musket is unlike any other kind of manufacturing work (kongyŏk 工役) in that it cannot be done if even one out of the various types of artisans is missing or its merit realized by inexperienced hands. This is why artisans in our workshop could not be poached by other institutions since before. Master artisan (kyosŏngjang 巧成匠) Pak Ŏnsin (朴彥信, fl. 1639–1661) has been affiliated with us for many years and his skill has matured; in particular, the “knocking metal” which is exquisitely fine and the most difficult of craft techniques has been completely entrusted to Pak and we cannot manage without this individual. Despite knowing this, the Ministry of Works has listed Pak as their own and kidnapped other artisans from us…the knocking metal, however, cannot be made by inexperienced artisans (susaengin 手生人), so please have the Ministry return them immediately so that they may concentrate on military manufacture.[footnoteRef:545] [545:  	SJW, 1639/10/14: 具鳳瑞, 以軍器別造廳言啓曰, 鳥銃打造, 非他工役之比, 各樣工匠, 闕一則不能成出, 手生則不能就功, 故自前本廳匠人, 諸衙門, 不得抽用矣. 巧成匠朴[彥]信, 入屬年久, 手段之熟, 島石精妙, 最難工巧, 而專委造着, 本廳之不可無此人審矣, 而工曹以其曹匠人啓下, 捉去他匠, 或在缺移島石, 則決非手生人, 所可得爲, 令工曹, 卽爲還送, 以全戎器宜當.] 


Feuds were commonplace between the Ministry of Works and military workshops in the late Chosŏn period. But what distinguishes this incident is the arsenal’s plea that production cannot continue without one particular artisan—Pak Ŏnsin—and his special craft for making sears. As Ku reported, the said “knocking metal” was “exquisitely fine and the most difficult of craft techniques” and one that “cannot be made by inexperienced artisans.”[footnoteRef:546] [546:  	Ibid.] 

Importantly for us, it was none other than the versatile Korean caster who rose to the occasion. For one, we know Pak was originally apprenticed as a caster: in the various government works to which he was outsourced, he occurs as such; in some occasions, Pak also appears as an iron lock maker (ch’oryakjang 鐵鑰匠, swaeyakchang 鎖鑰匠)—another related craft.[footnoteRef:547] When considering the nature of the sear—i.e., essentially a small metal arm with angular bends on either end, it is scant wonder that searers should emerge out of the likes of precision metal workers. To be sure, making the piece to fit perfectly into the narrow slits and apertures of a brass lock-plate was difficult. But by the late 17th century, other casters—Kim Hyogŏn (金孝建, n.d.), Ham Sangik (咸尙益, n.d.), and Ham Suni (咸順伊, n.d.)—managed the technique and produced thousands of sears for the Palace Guards Division.[footnoteRef:548] [547:  	Pak served as a caster for 9 different directorates from 1638 to 1661. For examples, see relevant pages in Injo Changnyŏl wanghu karye togam ŭigwe [仁祖莊烈王后]嘉禮都監儀軌 [Royal Protocols for Wedding King Injo and Queen Changnyŏl] (Karye togam, 1638), Kyujanggak Archives, Kyu 13061; Injobi Changnyŏl hu ijonho chonsung togam ŭigwe [仁祖妃莊烈后二尊號]尊崇都監儀軌 [Royal Protocols for Honoring King Injo’s Queen Changnyŏl for the 2nd time] (Chonsung togam, 1661), Kyujanggak Archives, Kyu 13255. Pak also worked as a locksmith for four different directorates from 1661 to 1676. See relevant pages in Myŏngsŏng wanghu ch’aengnye togam ŭigwe 明聖王后冊禮都監儀軌 [Royal Protocols for Investing Queen Myŏngsŏng] (Ch'aengnye togam, 1661), Kyujanggak Archives, Kyu 13073; Insŏn wanghu pumyo togam ŭigwe 仁宣王后祔廟都監儀軌 [Royal Protocols for Enshrining Queen Insŏn] (Pumyo togam, 1676), Kyujanggak Archives, Kyu 13536.]  [548:  	Kŭmyŏng tŭngnok, 1684/10/6; Kŭmwiyŏng tŭngnok, 1701/11/24, 1714/3/3, 1715/1/9.] 

This brings us, finally, to the screwed breech plug. How did this technique—dubbed as “very much a European technology”—end up in Korea?[footnoteRef:549] Screws were in fact well known across the early modern world, though vast differences existed in the way they were made. In Western Europe, the classic way to make screws was to “cut.” This involved using a die (tool with female threads) to shape a rod into a screw bolt, and a tap (tool with male threads) to carve grooves into a cylinder. The cutting method ensured a certain uniformity in size and shape of threads as well as their integrity when tested with force (i.e., due to the snug fit between male and female grooves). Yet, in other places, where these precision metal tools were unknown (or their benefits no greater than using wooden pins and iron nails), artisans settled with simpler solutions. In Mughal India, for instance, a cruder method was used: to solder, not cut, the threads. French traveler and botanist Jean de Thévenot (1633–1667) put it in the clearest terms. [549:  	Bottomley, “Some Observations,” 69.] 

The Indians of Delhi cannot make a screw as our locksmiths do: all they do is fasten to each of the two pieces that are to enter into one another some iron, copper, or silver wire, turned screw-wise, without any other art than of souldering the wire to the pieces.[footnoteRef:550]  [550:  	Jean De Thévenot, and Giovanni Francesco Gemelli Careri, Indian Travels of Thevenot and Careri, trans. Surendra Nath Sen (New Delhi: National Archives of India, 1949), 66, as cited in Elgood, Arms & Armour at the Jaipur Court, 247. South Asians rarely used screwed breech plugs and the technology was much more widespread in East Asia. This is ironic because, as we have seen, in the 16th century—and not too far from Delhi—Goan artisans made screws in a way comparable to the Bohemians.] 

This means that Mughal artisans made their breech plugs by taking a wire of metal and soldering it helically onto a rod that was roughly the size of the barrel. Then, somehow, matching female threads were also soldered into the interior of the breech.
East Asians struck a compromise between the cutting and soldering method: they would solder their male screws, but employ these in turn to “tap” female threads (rather than soldering them also). Not unlike their South Asian counterparts, practitioners in Japan and China made their breech plugs by welding a wire of iron around a rod that was slightly larger than the breech opening. After that, they employed the file (known in Japan as yasuri 鑢) to polish the threads to smoothen their surfaces—or as the aforementioned Zhao put it, “file to shape (cuocheng 磋成) screwed threads (luosixuan 螺絲旋) with seven, nine, or twelve threads” (Figure 48).[footnoteRef:551] [551:  	On Japanese practices, see Tomio, Teppō, 110–1. Consider Zhao’s explanation in full. “After boring the barrel, take a piece of iron and file it into the shape of a screwed plug—with seven, nine, or even twelve threads. Make the tail end of this plug squared—3 cun in width and length—and letting it be slightly larger than the breech of the barrel.” Zhao and Shimizu, Jingifu, 498–9: 筒鑽完, 磋停當, 用銕一條, 磋成螺絲旋, 或七層, 或九層, 或十二層. 後尾要方長三寸, 比後門口微大些.] 

But what was more difficult—and that which had embarrassed the Japanese swordsmith Yaita—was to make female threads. For this, the initial Japanese solution seems to have been to take the breech plug, twist it into a heated barrel, and then hammer the breech all around so that screw threads would imprint onto the walls.[footnoteRef:552] In China, a similar technique emerged in Zhao’s writing: two workers took the round barrel by hand and rotated it into (ningru 擰入) a screwed breech plug, which was wedged firmly onto a frame.[footnoteRef:553] These are such crude methods that they  [552:  	Tomio, Teppō, 111.]  [553:  	Consider Zhao’s explanation in full: “Then, you must use a string of iron, shape it into a large loop, and then insert the plug’s square head into the said string, wedging the two together onto a frame. Have two workers take the round barrel and rotate its breech inward by hand.” Zhao and Shimizu, Jingifu, 498–9: 須再用銕一根, 大成一眠, 將螺絲底, 方頭插入眠內, 將筒翣定架上, 圓頭放筒後門, 兩人用手擰入.] 



[bookmark: _Ref35185097][bookmark: _Toc37456658]Figure 48. Screwed Breech Plugs. Shown on the left is a Chinese plug with male threads, followed by the breech end of a barrel with matching female grooves. Zhao and Shimizu, Jingifu, 386. Shown on the right is a Japanese screwed breech plug. Nakajima-ryū, 526. 

raise doubts about feasibility. Still, it is noteworthy that both countries were employing the “tap” in concept already in the 16th century. Eventually, we know that better tools were fashioned for the job: Japanese musket-makers, namely, have left us with unequivocal textual and material evidence of screw-tapping tools.[footnoteRef:554] [554:    We know of at least three types of cutting bits—of differing roughness—to tap female threads. Nakajima-ryū, 570. Also see Tomio, 111.] 

The Korean data not only confirms this story but goes further to show how the craft was adapted to make smaller screws. To begin, Koreans should have had no problem with welding the breech plug. In fact, they might even have had an easier time than their Chinese and Japanese counterparts, as the notion of screw-cutting—albeit for wood—was known to 16th century Koreans: as noted in Chapter 1, artisan-innovator Yi Changson fabricated a bomb fuse with different thread settings for delayed explosion time (Figure 49).[footnoteRef:555] In terms of the female threads, we can establish that by 1615, Koreans too were employing the notion of screw-tapping. At the Firearms Directorate, female threads were said to have been “drilled” from the breech of  [555:  	It is significant that Yi’s screwed threads went by “grooves” (kok 谷)—what seems to be an originally Korean term. The wooden screw was also cut by handsaws (kŏdo 鉅刀), which could have predispositioned Koreans to cut—not solder—its metal counterpart. Yungwŏn p'ilbi, 14: 且椴木用鉅刀作谷.] 



[bookmark: _Ref35185432][bookmark: _Toc37456659]Figure 49. Korean Screw Fuse. Toyo Bunko Collection, Tokyo, Japan. In Essentials of Military Affairs, 1813. By Korean artisan Yi Changson who designed a wooden fuse with different thread settings for delayed explosion time. A match cord was wrapped around the female grooves.

the small victory cannons—a precious detail that would have escaped us if “one sŭng of perilla oil” (pŏpyu 法油) had not been purchased as lubricant for this specific job.[footnoteRef:556] [556:  	Hwagi togam uigwe, 73: 小勝字[銃筒]穿穴羅絲輾所用法油一升式. Given that the described action is to “drill,” it seems that the job of cutting female threads into the breech was for the driller (or the would-be borer).] 

Now what of the smaller screws?[footnoteRef:557] In the Garrison Records, these miniature pins can be identified as “screwed nails” (螺絲釘), and their makers as “screwed nail maker” (螺絲釘匠)—shortened simply as “screwsmith” (螺絲匠) (Figure 50). In the context of musket production, the pins served the purpose of nailing the lock-plate to the wooden stock, as evinced by Korean muskets still in existence with brass screws (Figure 51).[footnoteRef:558] Not unlike the case of sear makers, it was also the versatile casters who took to the task. We can establish this by identifying the names of screwmiths in the aforementioned production logs and tracing their career trajectories in other archival sources. Ham Chongwŏn (咸宗元, fl. 1684–1699), for instance, produced screws for the Palace Guards Division in 1684.[footnoteRef:559] According to the royal protocol books kept by government directorates, he also worked—as caster—for an association (kye 契) of artisans at the Royal House  [557:  	By “smaller screw,” I mean a threaded cylindrical pin or the proverbial screw.]  [558:  	Ths detail was probably reserved for special, ornate pieces. Koreans—like their East Asian neighbors—preferred nails, which were much easier to produce. The size of these screws makes one wonder whether they could have been cut with a “die” like in Western Europe, rather than having tiny wires soldered onto the pin (which itself would be a feat of workmanship!). We will likely never know, but another possibility is that that the brass screws were cast like the way described below by Raphael Pumpelly.]  [559:  	Kŭmyŏng tŭngnok, 1684/10/6: 螺絲釘匠咸宗元.] 



[bookmark: _Ref35185791][bookmark: _Toc37456660]Figure 50. Screwed Nails. Korean Army Museum, South Korea. Shown are five different kinds of iron screws. They were re-drawn from a 19th century Chinese treatise. The term “screwed nails” already existed in 18th century Chosŏn, but it is unclear whether these exact shapes were made by Korean screwsmiths then.


[bookmark: _Ref35186350][bookmark: _Toc37456661]Figure 51. Brass Screws on Korean Artifacts. On the left is an ivory scaphe dial made by officer-manager Kang Yun (姜潤, 1830–1898). History of Science Museum, Oxford, England. The other two artifacts are muskets with brass screws on their locks. National Museum of Korea. Private collection of Leonid Lantsman.
Administration (Tonnyŏngbu 敦寧府). This shows that Ham’s work in the division workshop translated as “caster” outside. As evinced in other cases, the two were indeed interchangeable: at the aforementioned directorate where Ham worked, he had a fellow caster Kim Chŏnghŭng (金廷興, fl. 1699–1715) who later became master screwsmith at the Palace Guards Division.[footnoteRef:560] [560:  	Tanjong changnŭng pongnŭng togam ŭigwe 端宗莊陵封陵都監儀軌 [Royal Protocols for Constructing Tanjong’s Royal Tomb] (Pongnŭng togam, 1699), Changsŏgak Archives, K2-2368, 181b: 匠人秩, 注匠金廷興, 北部院洞, [注匠]咸宗元, 安義先, 以上中部敦寧府契.] 

The fact that Koreans had artisans devoted to making these miniature screws is remarkable—a far-stretching consequence of a Bohemian gun that rounded the world to change material culture in Korea. In fact, the feat is all the more noteworthy considering that much of the European screw-making technology was often lost in translation as it moved. Still, this serves not so much to point out Korean (or East Asian) salience, as to recognize—as American geologist Raphael Pumpelly (1837–1923) would—that screw-making was perhaps not so exceptional: it could be reenacted in multiple ways by ingenious minds, and in ways unexpected by its originators. Illustrative is Pumpelly’s own encounter with a Japanese metalworker in late 19th century Edo, where he commissioned the latter to install a door lock and was pleasantly surprised by the way that the Japanese smith would radically re-interpret the screw.
Although our house was built in Japanese fashion, I wanted a door that could be locked, so I called a metalworker to make hinges. No screws were to be had. The man asked what they were, so I showed him an iron screw from one of my boxes. 
He took it away and the next day brought a dozen brass screws beautifully made and polished. He had embedded a round stick of wood in a cylindrical mass of moulding sand and then in twelve places on the sides, screwed my screw in as far as the wood. Then he had encased the whole in moulding sand and had withdrawn the screw, withdrawn the stick and poured in the brass. He had made several such moulds, and showed me a core with the rough screws attached.[footnoteRef:561] [561:  	Raphael Pumpelly, My Reminiscences (New York: H. Holt, 1918), 307.] 




[bookmark: _Toc37461048]Musket as Formula 

So far, this chapter has appreciated how the snap matchlock emerged in the Korean workshop. Tracing this story has naturally emphasized the able hands of Korean artisans and their perspective as firsthand producers of foreign knowledge and artifacts. But in this final section, we end by shifting briefly to the military officers and recognizing their own epistemic approaches to the musket. It was through their mediating hands, as we will see, that the Korean artisan’s knowledge about musket-making surfaced into writing as well as new knowledge created and advanced into material form.
In emphasizing the material translation of the snap matchlock, we have not taken time to understand the local, institutional context within which this process transpired: the division workshops. As noted in Chapter 2, these workshops were burgeoning into centers of crafts and technology during the 17th century, precisely when snap matchlocks took form in Korea. The two stories are in fact closely intertwined: in the new workshops, the musket was crowned as the most important of all military artifacts produced; not only was it the primary weapon for the divisions’ soldiers (mostly musketeers)—requiring regular production and repair, but some, like the Military Training Agency, even profited by selling surplus to regional militaries.
Military officers availed themselves of the opportunity. During much of the 17th century, court policy had it that for every 1,000 military artifacts produced, rewards and promotion were given to the managing officers. In accordance, the officers then took meticulous note of manufacture, reported to court after meeting the threshold of 1,000, and submitted ten sets of “prototypes” (kyŏnyang) for inspection.[footnoteRef:562] As shown through the many production logs still in existence, this system was widely practiced throughout the late Chosŏn period—in fact, to the point of inviting criticism: some scholar-officials thought it led to a neglect for repairing and maintaining existing equipment, encouraged unnecessary production driven by greed, and prioritized quantity over quality of manufacture. Minor reforms were thus in order,[footnoteRef:563] but for our purposes, we can recognize that the system generated a vibrant institutional context—and motivation—for officers to exert themselves as managers. [562:  	In the case of the musket, the latter included not just the guns themselves, but also associated accessories such as flints, match cords, priming powder flaks, cartridges, and so on. For examples, see Kŭmyŏng tŭngnok, 1684/10/6; Kŭmwiyŏng tŭngnok, 1701/11/24, 1714/3/3, 1715/1/9.]  [563:  	SJW, 1747/6/16: 凡雜技加資者甚多, 此亦政院該曹之不察, 另加申飭, 一遵舊制. 而雖雜岐[雜技], 應爲加資者, 非名係該院者, 切勿許施. 古人, 孟春徇于木鐸曰, 無作奇巧, 以蕩上心. 近來軍門軍器中, 不務其貿, 作一巧名, 名雖異, 實則一者多, 而其浮費則大, 亦爲嚴禁. 雖測候之屬, 漏水日影, 足可以報時, 璿璣鳴鍾, 大小雖異, 渾天儀則一也. 其他一名異制, 此亦近於奇巧, 其求得要賞者, 一體嚴禁. 上又命寫傳敎曰, 凡諸道守令·邊將之新備軍器加資者, 心常非之, 故曾有下敎. 今番新除守令·邊將入侍時, 亦已面飭. 而若不定式, 何以防其流弊? 此後則舊軍器, 一皆修補, 又爲新備者及舊軍器夥然處, 一皆修補者, 依例加資.] 

As can be expected, officers began by taking notes and documenting associated know-how. Let us first examine the recipe used at the Royal Division in the early 17th century. Sometime in 1707, a number of administrative details—from 1624 to 1650—were copied and archived in the Compilation of Old Precedents at the Royal Division. In Chapter 4, we learned briefly that this compilation was one of the earliest evidences of formula-writing, mentioning in particular a list of ingredients for armor. But included in the manuscript is also “What goes into one musket” (choch'ong ilbyŏng soip 鳥銃一柄所入), which reflects the officer’s new knowledge practices that crystallized around the musket.[footnoteRef:564] As shown in  [564:  	Given the early dating—which is in fact close, if not coincidental, with the founding of the Royal Division, this recipe was likely passed on from the Military Training Agency or written down during the new division’s initial production.] 

Table 20, this recipe includes a total of 14 ingredients, including usual suspects such as iron, charcoal, and oil, but also intriguingly, shell powder and borax. What does this say about the officer’s emerging knowledge about the musket?
[bookmark: _Ref35126804][bookmark: _Toc37456293]
Table 20. Ingredient List for a Musket at Royal Division, 1624–1650
	What goes in one musket 
鳥銃一柄所入
	Steel, 2 chak
江金[鋼쇠] 二勺

	Pig iron, 15 kŭn
斫鐵(作塊鐵) 十五斤
	Shell powder, 2 hop 5 chak
蛤灰 二合五勺

	Brass, 13 ryang 5 pŭn
豆錫 十三兩五分
	Lightwood, 1 hop of rice worth
松明 價米一合

	Zinc, 3 ryang 2 chŏn 6 pŭn
含錫 三兩二錢六分
	Calamine brass,[footnoteRef:565] 2 pŭn 2 ri [565:  	Yŏngjo sillok 英祖實錄 [Veritable Records of Yŏngjo’s Reign], edited by Kuksa p’yŏnch’an wiwŏnhoe (Kuksa p’yŏnch’an wiwŏnhoe, 1955–1958), 生銅添入鍮鐵則爲鍮鐵, 添入常鑞則爲常鑞, 添入含錫則爲豆錫.] 

鍮鐵 三分二里

	Charcoal, 2 sŏk 7 mal 8 sŭng
炭 二石七斗八升
	Whetstone from Yŏnil, Kyŏngsang Province
延日礪石[footnoteRef:566] [566:  	PT, 1687/1/2: 蓋我國礪石, 延日所産最好, 故各衙門公私所用, 皆取於此. ] 


	Red oak,[footnoteRef:567] 1 chunk [567:  	The varieties of oak used for constructing stocks for Japanese muskets—primarily red oak but also white oak—were found also in Korea. Given that Koreans sourced their materials exclusively from the Chŏlla and Cheju provinces, and that the red oak grew only in these areas (white oak grew there but also in other places), it was the red oak that was used in Korean manufacture. While avoided in other gun cultures, oak was preferred in Japan and Korea because there, oaks were evergreens and produced uniformly tight grain structure resulting from its continuous growing season. The American White and Red Oaks, however, has an open grain structure which produces soft areas which are more prone to impact damage. Hun’guk sarye ch’waryo, f. 2, Kasimok 加時木: 盖加時木, 每年例納者, 濟州及全羅左右水營竝三處, 而所納之數, 各一千一百條也.] 

加時木 一條
	Artisan salary: Cloth, 2 p’il 8 ch’ŏk 8 ch’ŏn 3 pŭn
工匠料布 玄木 二疋八尺八寸三分

	Perilla oil, 3 hop
法油 三合
	[Artisan salary:] Rice, 3 mal 5 sŭng 3 hop 6 chak 6 ri
米 三斗五升三合六勺六里

	Borax, 2 ri
鵬砂 二里



Source: Ŏyŏngch’ŏng kusingnye, Kapchanyŏn p'anbusa Sŏ 甲子年判府事徐, Choch'ong ilbyŏng soip 鳥銃一柄所入.

For one, it shows that Korean officers were drawing on vernacular artisanal knowledge.[footnoteRef:568] When it came to the musket, officers had much to learn from the workmen and catch up to speed. As noted above, the nature of the new gunsmithing knowledge was such that it was transmitted not so much through writing—given the lack of technical details about manufacture in books—but in human bodies, from master to apprentice, and through oral and material media. Thus, in the absence of textual references (that could provide sources of external authority), officers took it straight from the artisan’s mouths.[footnoteRef:569]  [568:  	As mentioned before, workshop supervisors did not have textual references for acquiring detailed knowledge about crafts and techniques—and certainly not in the early 17th century, which is more than a century before encyclopedia-writing on the topic began in Chosŏn.]  [569:  	Take, for instance, the term used in Korean military workshops for pig iron: chakch’ŏl (“hacked iron”斫鐵). This came from chakkoech'ŏl (“iron made into ingots” 作塊鐵), and probably soettŏngŏri (iron ingot 쇳덩어리) in the vernacular. Hwagi togam uigwe, 144: 作塊鐵.] 

Most instructive here are unusual materials such as shell powder and borax—used for coating and forge-welding the barrel, respectively. That shell powder can be applied to rust-prone surfaces and “repel moisture” (pangsŭpki 防濕氣) is an uncommon piece of knowledge.[footnoteRef:570] It was probably only known to metalworkers, and indeed evidence of its industrial application can only be found once in a mid-19th century encyclopedia and again in a modern-day patent for “waterproof aqueous paint.”[footnoteRef:571] The use of borax was likewise little-known and unavailable as writing at the time. Today, the substance is widely used as flux (agent to remove metal oxides) for soldering metals, but in the late Chosŏn, information about this use was likely confined to the blacksmith’s shop.[footnoteRef:572] Finally, the fact that no evidence is found yet of similar uses of shell powder and borax in Japan or China adds further weight to the artisanal roots of the officer’s recipe knowledge.[footnoteRef:573] [570:  	Ash collected from incinerating clamshells was known to repel humidity when smeared onto the surface of objects—including metallic surfaces like a bell. Yi, Oju yŏnmun, Hŭn'gi puru pyŏnjŭngsŏl 釁器不漏辨證說: 蛤灰亦防濕氣, 故和血藉力者也. To be sure, the substance was widely used in traditional medicine—i.e., to incorporate anthelmintic drugs (hwach'unghwan 化蟲丸), but evidence of its industrial application is very rare.]  [571:  	https://patents.google.com/patent/KR870002212A/ko]  [572:  	For the use of borax as flux in twist-forging, see Jack Moehring, et al., “Bladesmithing At South Dakota School of Mines and Technology,” Journal of Metals 68, no. 12 (2016). In Korean sources, I have only found Pak Chiwŏn’s (朴趾源, 1737–1805) brief mention. Pak, Yŏnam chip, 119b: 續木吾知其膠魚肺也. 接鐵吾知其鎔鵬砂也.]  [573:  	We know that in China, borax was used in medicine and pottery glaze; and a different mixture—i.e., yellow soil (黃泥 Ch: huangni) and copper-nickel alloy (白銅 Ch: baitong) powder—was used for forge-welding barrels. Yin, “Ming dai fo lang ji yu niao chong,” 59.] 

But as we learned in the previous chapter, officers also kept a certain degree of distance from artisanal know-how even as they drew on it. That is, as supervisors, they engaged with the specific crafts and techniques of the workmen but in a way that allowed them to master the overall nature of production (rather than personally handle each material and technique). This peculiar approach is borne out in the recipe as well. The diversity of materials and their corresponding craft types (e.g., iron for blacksmith, brass for brass worker, and oil for borer) on the recipe suggests broad learning on the part of its compiler: for instance, officers needed to recognize, weigh, and evaluate at least five distinct types of metal—pig iron, steel, zinc, brass, and calamite brass.[footnoteRef:574] [574:  	If blacksmiths sufficed in knowing their iron and lacquerers their lacquer trees, officers needed to learn—however superficially—about ingredients required for each artisan group so that they could arrange and distribute resources. It is scant wonder that officers would begin writing shop formulae because there were hundreds of different kinds of artifacts that traversed the division workshops and they each had their own assembly of ingredients and artisan types for the officers to “know.”] 

Eventually, a simple listing of 14 ingredients would not have sufficed for supervising production, whose standards continued to rise during the 17th century. One salient problem, for instance, was the barrel: we find occasional reports that some pieces were forged so “thin and weak” (kise ch'abak 旣細且薄) that they were liable to “crack and burst open” (t'angnyŏl 坼裂).[footnoteRef:575] This is perhaps not surprising considering that at the Royal Division, only 15 kŭn of pig iron was given to blacksmiths, which was far from enough to construct a strong barrel. The solution was, of course, to increase the volume of the material, but more importantly, to identify—and measure—what type of iron was best suited for the job. For this, a deeper knowledge of the material and its properties was required, which could in turn serve as the basis for drawing up a more precise recipe. [575:  	SJW, 1693/2/26: 行副護軍李行益所啓, 近來軍裝制樣, 唯以輕便爲主, 故鳥銃體鐵, 旣細且薄, 所見雖似精妙, 不過三四放, 輒至坼裂, 或實藥錢數稍多, 則不待屢放而不免傷破, 誠非完固久遠之計也. 今後各軍門, 及私匠輩所鑄體鐵, 火家, 專尙堅厚, 則雖多入火藥, 累度試放, 萬無坼破之理. ] 

The said recipe is found in none other than Formulae on Iron, an officer’s notebook for supervising ironwork. We have already mentioned this manuscript in Chapter 4, but I herewith argue that it was the result of reverse-recipe writing—i.e., the act of organizing recipe knowledge by ingredient rather than product, so in this case, by iron rather, not musket.[footnoteRef:576] [576:  	As noted in Chapter 4, this provided a classificatory system for officers to understand the metal and deconstruct it into “knowable” (measurable) units—including, in respective order of refinement, pig iron, wrought iron, crude iron, refined iron, double-refined iron, and finally, extremely-fine iron.] 

Formulae on Iron includes another musket recipe entitled “What iron goes into making one new musket” (choch'ong ilmun sinjo soip ch'ŏllye 鳥銃一門新造所入鐵例). From the title, we can already see that it was specialized for one metal type—and was presumably a subset of a more comprehensive list like the one we saw for the Royal Division. Compared to the earlier recipe, however, it was incomparably detailed.
26 kŭn 4 ryang of pig iron [converts to] 18 kŭn 6 ryang of wrought iron—[convert this again to] 5 kŭn 8 ryang 2 chŏn of extremely-fine iron and use it to forge the musket barrel.

1 kŭn 4 ryang [of pig iron converts to] 14 ryang [of wrought iron]—[convert this again to] 6 ryang 3 chŏn of double-refined iron and use it for the following six parts, “ear metal” (ich'ŏl 耳鉄), screwed breech plug, sights, “foot metal” (chokch'ŏl 足鉄), sear, small pins (yu[tong]jajŏng 有[童]子釘).[footnoteRef:577] [577:  	Ch’ŏlsik, Choch'ong ilmun sinjo soip ch'ŏllye 鳥銃一門新造所入鐵例: 斫鐵二十六斤四兩, 正鐵十八斤六兩 (鉄身打造次, 極精造, 五斤八兩二戔). 一斤四兩[斫鐵], [正鐵]十四兩 (耳鉄, 螺絲轉, 照星, 足鉄, 內杵金, 有子釘, 六種次, 正正造, 六兩三戔].] 


As shown, various kinds of iron—distinguished by refinement—were designated for different parts of the gun. “Extremely-fine iron” was reserved for the barrel, which required the most strength to withstand the force of explosions within its walls. As the author elaborated elsewhere, this particular type was “exceptionally selected by breaking up [the iron], deeply refined to its essence, and without cracks and blemishes.”[footnoteRef:578] This premium quality came from tempering the material so much so that the majority of its carbon content were lost as slag and the resulting weight reduced to a fraction of the original. In fact, according to the officer’s conversion tables, extremely-iron was the result of forging until it weighed only 21% of the original pig iron (wrought iron is 70% of pig iron, and extremely-fine iron 30% of wrought iron).[footnoteRef:579] As can be imagined, acquiring this metal was very labor-intensive and costly, so a slightly less purified one—double-refined iron (45% of wrought iron)—was used for the other parts, such as the breech plug.[footnoteRef:580] [578:  	Ibid., 薪鐵一百斤鍊鎔遞減所出: 極精謂打散極擇煅鍊精熟而無欠疵也; Ibid., Hwando ilbyŏng sinjo soip ch'ŏllye 環刀刃一柄新造所入鐵例: 銃刀依此稱鐵製之, 不重不輕, 而便於任用.]  [579:  	Ch’ŏlsik, Sinch'ŏl ilbaekkŭn yŏnyong ch'egam soch'ul 薪鐵一百斤鍊鎔遞減所出.]  [580:  	We will likely never know what some of these (e.g., ear metal, foot metal) were, but the level of detail is appreciable: the combined use of iron for all six parts was merely 4% of that which was assigned for the barrel.] 

This new level of attention paid to ironwork should have improved Korean barrels. At the least, we know that by the late 18th century—when Formula on Iron was presumably written, blacksmiths at the divisions had ample material to work with: the total amount of pig iron given in the manuscript is 27 kŭn 8 ryang, which is nearly twice as much as that which was provided at the Royal Division before. With this, blacksmiths would have tempered their iron down to “extremely-fine” and built stronger barrels. The greater allowance of resources could also have dovetailed with Korean interest in the aforementioned twist-forging techniques, which were well-known in China and Japan since before the East Asian War (but perhaps not previously feasible with the meager budget of iron).[footnoteRef:581] At any rate, we can say for certain that the best of Korean iron was competitive in early modern standards. Even in Kunitomo, where some of the world’s best blacksmiths worked, the most tempered iron used by local gunsmiths averaged about 77.3% (with the highest of 82.7% and lowest of 72.3%) of weight loss during forging; this is comparable to the extremely-fine iron (79% weight loss). [581:  	For Korean interest in twist-forging, see Cho Usŏk 趙禹錫, Mubi yoram 武備要覽 [Essentials of Military Preparedness] (Ilchogak, 1982 [originally 1855]), 183–5. There are minor differences between the various types of twist barrels across regions. But they shared one commonality—the spiral welded barrel, which by virtue of having its iron spread in a transverse manner, was the most superior in strength and accuracy during the early modern period. As an English sporting expert noted in the nineteenth century, “the fibres of the heated portion are twisted in a spiral direction, that is found to resist the effort of the powder much better than a longitudinal one.” This phenomenon was indeed corroborated by material studies of Japan muskets, where the spread of particles in the maki-style barrels were indeed spread obliquely. See Pye, The Sportsman’s Dictionary, 424; Saito Tsutomu 齋藤努, Takatsuka Hideharu 高塚秀治, and Udagawa Takehisa 宇田川 武久, “Hihakai bunseki niyoru teppō jūshin no zaishitsu to seisaku gihō no kaiseki 非破壊分析による鉄砲銃身の材質と製作技法の解析,” Kokuritsu Rekishi Minzoku Hakubutsukan kenkyū hōkoku 国立歴史民俗博物館研究報告 136 (2007). ] 

But beyond the quality of Korean barrels, what is more significant is the nature of the officer’s new knowledge. The difference between Kunitomo and Seoul was this: in the former, Japanese smiths left behind records of how much iron they bought and used, and how much of this then resulted in the weight of the barrel—i.e., generating raw data for historians to process into the rates mentioned above, but in Korea, the conversion tables were prepared internally, thanks to the immense scrutiny of officers.
The snap matchlock, as we have seen, was a global artifact that traversed the early modern world, from Bohemia to Korea. Rather than a simple West-to-East transfer, however, the artifact changed many hands during its journey and underwent a bout of translation and transformation at each stop. In Korea, the emergence of this complex materiality was a contingent and fraught process: it could be misunderstood and mistranslated—as was the case initially with Korean cannon makers, or become the axis around which new skills, practices, and practitioners could crystallize—as was eventually achieved by other emerging Korean artisans. These developments, however, did not just remain on the shop floor, but rendered the musket an object of the Korean officer’s middle epistemology: as managers of a fast-changing workshop culture, officers developed their own knowledge regime over the artifact by breaking it down into miniscule ingredients and even investigating and classifying the properties of associated materials on their own terms.
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[bookmark: _Toc37461050]Crafting into the Industrial Modern

	In a sweltering summer of 1866, American steamer General Sherman departed from Yantai and ventured into Korean waters, eager to negotiate a treaty and open up new trade. Despite demands to stay at bay, however, Captain Page on the American ship decided to press the Koreans and sail up Taedong River, into the city of P’yŏngyang. Ensuing, then, was a series of risky exchanges and miscommunications, whereby the American steamer wound up in flames, and everyone aboard killed. In fact, the only thing to survive the fiasco was the various objects that Koreans found aboard the burning ship and salvaged. As Governor Pak Kyusu (朴珪壽, 1807–1877) of P’yŏnyang reported, these included mortars, shells, masts, chain ropes, long metal bars, miscellaneous machine parts—and curiously, “Western metal” (Sŏyangch'ŏl 西洋鐵). Conspicuously ambiguous at the time of discovery, the latter were bits and pieces of the steam engine that had once powered the cargo ship.[footnoteRef:582] [582:  	Kojong Sillok, 1866/8/8: 平安監司朴珪壽狀啓: "平壤府 防水城前灘來泊異船一隻, 竝與器械什物, 沒數燒火後, 鐵物等屬毋論, 船裝兵器, 不可任其消融, 故摘奸拯搜, 這這收入於本營軍器庫, 以爲補用. 其入庫數, 開錄以聞. 大碗口, 小碗口各二坐, 大碗口丸三箇, 鐵碇二箇, 大小鐵連環索一百六十二把, 西洋鐵一千三百斤, 長鐵二千二百五十斤, 雜鐵二千一百四十五斤. Also see Pak Sŏngnae 박성래, “Taewŏn’gun sidae ŭi kwahak kisul 대원군시대의 과학기술 [Science and Technology of The Grand Prince T’aewŏn’gun],” Han’guk kwahaksa hakhoeji 2, no. 1 (1980), 11–2] 

After that, the story of the General Sherman’s engine, or whatever remained of it, continues in a political critique written by an Enlightenment reformist Pak Chegyŏng (朴齊絅, ?–1884). Pak was harshly critical of the old regime and especially the Grand Prince T’aewŏn'gun (大院君; regency, 1864–1873) who ruled as regent at the time. For our purposes, Pak noted that the T’aewŏn’gun took interest in the American engine and had it delivered to a workshop in Seoul to be copied. Commissioned for this job was officer-manager Kim Kidu (金箕斗, n.d.) who led the workmen to replicate the engine, build a ship around it, and eventually test it out in the waters for public display.[footnoteRef:583] As Pak remembered the whole affair with ridicule, however, the Korean steamer did not impress: [583:  	Kim Kidu was officer-manager who was active in the various division workshops and outsourced frequently for directorate work.] 

The ship was set afloat and its engines stoked with fire. Its movement, however, was extremely slow such that only a dozen paces or so were covered in an entire hour. In the end, it came to having a fleet of small boats surround the ship with a rope and tow it forward. Everyone watching laughed and said: “where on earth could this junk be used for?”[footnoteRef:584] [584:  	Pak Chegyŏng 朴齊璟, Kŭnse Chosŏn chŏnggam: kuhanmal chisigin i pon Chosŏn ŭi chŏngse wa kŭ twit iyagi 근세조선정감: 구한말 지식인이 본 조선의 정세와 그 뒷이야기 [Mirror for Modern Politics in Joseon: The Political Situtation of ] (Seoul: T’amgudang, 2016 [originally 1886]), 76.] 


The ordeal, described by a disillusioned reformist, reads like an allegory of Korea’s impending failures in the age of high imperialism. After five centuries, this story goes, the old and weary Chosŏn sought desperately to close an opening gap with its imperialist neighbors. In a last-gasp attempt, it tried and learned international law, adopted telegraphs and electricity, stamped out corruption, abolished status discriminations, flirted with representative monarchy, distributed newspapers, opened up trade—and even tinkered with the steam engine. These exertions, however, were too little too late, and the rest of the story is all too familiar: a military revolt in Seoul led to one foreign occupation after another—first by the Chinese, Russian, and finally the Japanese—and the path was then cleared for a 35-year colonization of the peninsula.
This is where the story would normally end, and another chapter of history turn. In closing this dissertation, however, I bring up the steam engine to signal a different tale altogether. The T’aewŏn’gun’s non-steamer has been considered the sole attempt made by Koreans to reverse-engineer the industrial artifact,[footnoteRef:585] but in fact, it was only the first of many. As usual, a different view emerges when we center the artisans and practitioners on the shop floor. [585:  	Ibid. Also see Pak, Science and Technology in Korean History, 11–2.] 

During 1873, the same year the T’aewŏn’gun was ousted from power, military practitioners in Korea exercised a keen eye to select and reprint the best technical manual there was on the steam engine in Chinese: the Illustrated Explanations for Artillery Practice (Ch: Yan pao tu shuo ji yao, K: Yŏnp’o tosŏl chibyo 演礮圖說輯要). Contrary to what the title suggests, this manual contained details on manufacturing steam engines, and was written by Ding Gongchen (丁拱辰, 1800–1875)—a firearms expert who was “the first Chinese person to correctly describe steam power in writing.”[footnoteRef:586] [586:  	For the Korean reprint version, see Ding Gongchen 丁拱辰, Yŏnp’o tosŏl chibyo 演礮圖說輯要 [Illustrated Explanations for Artillery Practice] (Three Armies Command, 1873 [originally 1843]), Bibliothèque nationale de France, Coréen I. 330.] 

Ding was indeed the closest that native technicians in China would get to building a steamer on their own. In 1841, he collaborated with the artisans of Guangdong and made a successful working model for a steamship.
It was a small fire wheel boat, four feet two inches long and one foot one inch wide. [We] placed it on the inner river and let it run. It went quickly, but because it was small and the steam was weak, it wasn’t able to go far. But although it was small the spectacle was great, and it is a first step on the route to imitating [Western] methods.

This boat was a prototype in reduced scale, made to test the principles of the engine mechanism. While Ding then tried to scale up to a full-sized steamer, this second experiment never took place because the artisans apparently could not deliver.[footnoteRef:587] [587:  	Hsien-Chun Wang, “Discovering Steam Power in China, 1840s–1860s,” Technology and Culture 51 (2010); Tonio Andrade, The Gunpowder Age, 263–5.] 

In explaining these trials, historians sought answers in what China lacked: the precision machine tools and technical drawing. Namely, works by Wang Hsien-chun and Tonio Andrade have emphasized that Chinese practitioners could not manufacture machine parts that “fit together with unprecedented exactness” like those of Europe, and blamed the lack of precision metal tools like lathes.[footnoteRef:588] As Andrade put it, “[h]andicraft labor, no matter how skilled, was no substitute.”[footnoteRef:589] But while tools could be bought and used, a deeper issue was the absence of a Western-style culture of technical drawings. “Chinese images,” Andrade writes, “were nearly useless for artisans,” and while “Ding’s images showed the working parts of Western technologies…it would have been impossible for an artisan to make a steam engine from his plans.”[footnoteRef:590] [588:  	Andrade, The Gunpowder Age, 265. ]  [589:  	Ibid. ]  [590:  	Ibid.] 

These explanations are oddly jarring if we remember that in the neighboring land of Korea there were plenty of lathes and lathe turners, as well as a vibrant culture of technical drawings that mobilized overlapping forms of representation—i.e., combining drafts with models, moulds, numerical specifications, writings, and what have you.[footnoteRef:591] Rather than a point of Korean salience, this should push us to reconsider the invisible barriers we have put up against practices and practitioners that looked not so Western, not so modern. Surely, Chinese lathes might not have measured up to Western ones, and the pistons, cylinders, and screw threads that resulted may also not have been perfectly aligned. But what could they have achieved if they had pressed on? We will likely never know because the Chinese thereafter resorted to “import[ing] from the West both its technology and its engineering tradition.”[footnoteRef:592] [591:  	Hsien-Chun Wang jumps to hasty conclusions about the inefficacy of Chinese technical drawings in capturing steam engines. While he is cognizant of the fact that drawings worked with models in traditional Chinese material production, he does not address this context in the actual analysis. The system of prototyping in premodern and early modern China needs to be researched further and in comparison with the Korean practice. Wang, “Discovering Steam Power in China."]  [592:  	Andrade, The Gunpowder Age, 271.] 

In Korea, Ding’s experiments lived a second life precisely because Koreans were so late in the game. What would happen?
In 1873, Ding’s manual was distributed across the divisions, and soon, artisans and officers began to do what they did best—prototype.[footnoteRef:593] Then, four years later, the Military Guards Agency drew ahead of its peers and produced a small yet full-scale steam engine. Only little was written down about this milestone because the production logs of the late 19th century are not so generous, and the development stayed internal (i.e., without the public display as before). Still, the Garrison Records tells us this much: the production was led by officer-managers Yi Hŭiyŏng (李熙榮, n.d.) and Yi Ŭihwa (李羲燁, n.d.), and undertaken by an artisan squad of seven unnamed craft types. Rather than going straight for the steamship, these practitioners focused first on building an engine that actually worked. So while they settled with a “small engine mechanism” (so hwaryunch'a kigye 小火輪車機器), they mounted it on a wheeled-transport and delivered a steam wagon (hwaryunch'a 火輪車; Figure 52).[footnoteRef:594] [593:  	Kŭmwiyŏng tŭngnok, 1873/3/24: 三軍府甘結內, 新判演礮圖說輯要二冊, 增補則克錄一冊, 依後錄件數, 卽爲受去事, 武備司龍虎營, 各一件, 訓局禁營御廳, 各五件, 摠戎廳一件; Ŏyŏngch’ŏng tŭngnok, 1873/3/17.]  [594:  	Chigugwan ch’ŏnghŏn ilgi, 1876/4/25: 火輪車親鑑敎是時燈籠五雙擧行; 1876/4/26: 火輪車入鑑後造成時, 看檢李熙榮, 訓局兼差執事李羲燁竝, 訓局加出執事差定, 待窠陞實事, 奉承招致, 該營執事, 安膺範聽傳敎.] 

Curiously, the said wagon was managed by “steam wagon officers” (hwaryunch'a kugwan 火輪車勾管).[footnoteRef:595] The birth of this practitioner category is suggestive: not unlike how the musket gave rise to borers, screwsmiths, and sear makers in the 17th century, the complex artifact that is the steam engine made necessary a new kind of officer-managership. That this emergence should occur at the top, not below, is also noteworthy: more so than new crafts and techniques, engines required engineers—technical experts who had the combination of skill, technical literacy, and craft knowledge. As can be expected, such persons were found more readily in the officer ranks. [595:  	Ibid., 1876/4/25: 火輪車勾管李景夏, 豹皮一令賜給, 訓局執事朴興英, 生皮筒箇一部, 匠色七名, 各木布一疋, 負持軍二名, 各木一疋竝, 內下.] 
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[bookmark: _Ref37460770][bookmark: _Toc37456662]Figure 52. Steam Wagon. Bibliothèque nationale de France, Paris, France. In Illustrated Explanations for Artillery Practice by Ding Gongchen, reprinted in 1873 by the Three Armies Command in Korea. Shown on the left is a technical drawing of a small steam engine in exploded view. On the right is the “Western Steam Wagon.”
It is scant wonder then that more such “engineers” should emerge as Koreans went from a small wagon to a full-sized steamer. We can imagine that scaling up in this fashion—and to shift from land to water—was no easy task. Not only was the weight to be pulled by the engine substantially larger, but a number of engineering hurdles needed to be overcome, such as balancing the ship. In the coming years, however, the Military Guards Agency took its time to research while grasping every opportunity to learn more about steam technology. Consider, for instance, an episode from 1876, the year when the Koreans dispatched a mission to Japan.
The royal order said that it would be cumbersome to send an official notice to inquire about viewing their [Japanese] ship. So the following was decided instead and immediately alerted to chief petty officer U Ch’angsin (禹昌臣, n.d.): when asking about observing the steamer, one interpreter should have Nakano Kyōtarō (中野 許大郞, n.d.) disembark his ship for a moment, and let him know directly—without hinting suspicions or hesitating—[about the matter]; after this, you should go investigate the structure of the steamship (ch'aet'am sŏnje 採探船制), and as with all matters like this, do not think it difficult and back out, but play by ear and exchange toasts with them (sujak 酬酢) if necessary.[footnoteRef:596] [596:  	Ibid., 1876/6/10: 下敎內, 我人欲觀彼船, 與接語觀光間, 似有難便, 而聞彼人爲接我人之觀光火輪船等節, 留傳語官一人, 中野許大郞於船中, 姑未下陸云, 然則, 不必有疑訝趑趄, 直使人通知後, 採探船制, 與諸般等節是矣, 勿少知難, 卽爲從便, 酬酢之意, 卽刻通奇于行首知彀官禹昌臣事, 奉承.] 


	We do not know if everything went according to plan, but a year later, Officer U worked alongside other officer-managers and artisans in a Korean steamship yard (hwaryunsŏn yŏkso 火輪船役所) somewhere. This dockyard has gone completely undetected by historians—and understandably so because it is not even mentioned once in the state archives. The Garrison Records, however, furnishes us with the full list of workers at the yard and their names. As summarized in Table 21, this included three supervising directors, ten officer-overseers, and 50 artisans and assistants.[footnoteRef:597] Looking at this list, it is noteworthy that there were only five craft types—lathe turner, brass plater, brass worker, blacksmith, and shipwright—when one might have expected more for a job like the steamship. But again, new skills and knowledge required for the new artifact were found amongst the officers: relatively speaking, the new workshop was a top-heavy enterprise with ten hands-on supervisors in total. In particular, seven of these were special overseers—elite practitioners like Ch’oe Ch’ŏnyak who carried around their own toolbox and undertook new crafts that were unfamiliar to the artisans. Serving this role was Officer U as well as Officer Yi Hŭiyŏng who—as noted above—had managed the first steam wagon.[footnoteRef:598] [597:  	Ibid., 1877/8/22: 火輪船役所與黃江水琉璃靑瓦始役時, 看役行首知彀官異海晉, 金鍾完, 尹正默, 輪回看檢事, 奉承.]  [598:  	Ibid., 1878/6/27: 本所火輪舡造成時監董提調以下別單, 提調金炳始, 都統使李景夏, 前都統使金箕錫, 各內下豹皮一領賜給, 別看役監官韓文奎, 守令待窠擬入, 別選軍官金正永, 經年勤勞, 效勞旣多極爲嘉尙, 不可無拔例施賞六品職調用, 李煕榮, 經年勤苦, 效勞旣多極爲嘉尙, 不可無拔例施賞, 監牧官待窠首先差送, 知彀官禹昌臣, 異海晉, 金鍾完, 李泰相, 各內下生皮筒箇一部賜給, 看役朴衡允, 卽付實官待窠陞實, 洪愼煥, 右職調用, 林泰景, 軍校調用, 書吏庫直三人, 各木三疋, 濯纓亭直折衝鄭錫民, 實職調用, 加里匠姜德周, 豆錫匠許鶴, 河致淡, 黃銀哲, 宋在元, 燒爐匠朴信奎, 船匠判龍周等七名, 帖加, 豆錫匠孫秀寬, 金弘石, 河允明, 燒爐匠金泰鉉, 冶匠韓得俊, 金春明等六名, 竝令本所從願施賞, 金元甫等十三名, 各木一疋布一疋, 助役軍李好伯等八名, 火丁軍二名, 使喚軍二名, 旗手二名, 各木一疋式施賞, 知彀官巡牢書字的處, 眞苽內下.] 

By the summer of 1878, this dockyard then successfully produced a steamship. As usual, this meant that all those involved was either rewarded or promoted, and including even the errand boys and flag bearers. While we know these details, the sources—by virtue of being  administrative logs, do not say much about the steamship itself. Until more sources come to light, we cannot ascertain the exact nature of this second-generation steamer (e.g., its weight, speed, and fuel efficiency). What we do know is that it was meant to be “full-size” rather than just a model like the one Ding built in Guangdong, and one that required up to 60 on-the-ground producers for at least a year’s work.[footnoteRef:599] [599:  	Ibid., 1877/8/22: 火輪船役所, 與黃江水琉璃靑瓦始役時, 看役行首知彀官異海晉, 金鍾完, 尹正默, 輪回看檢事, 奉承; Ibid., 1878/6/25: 火輪舡造成後, 提調都統使, 前都統使, 禁衛大將以下別單書入事, 奉承; Ibid., 1878/6/27; Ibid., 1878/7/13: 火輪舡造成別單判下, 中軍校調用, 看役閑良林泰景, 御營廳加出, 別武士差定, 待窠陞實, 豆錫匠孫秀寬, 本所軍河允明, 燒爐匠金泰鉉, 冶匠金春明, 訓局軍豆錫匠, 金弘石, 禁衛營軍冶匠成三山, 御營廳軍自願事, 稟達矣. 竝權付, 有闕塡充事, 奉承, 故招致各營執事聽, 傳敎而其餘匠色, 施賞木布, 詳考前例, 別庫上下事, 奉承.] 


[bookmark: _Ref37411598][bookmark: _Toc37456294]Table 21. Steamship Yard at the Military Guards Agency, 1878
	Role
	Titles and Names
	Number

	Supervising director
監董提調
	Kim Pyŏngsi 金炳始,
Commander of the Military Guards Division Yi Kyŏngha 
都統使 李景夏,
Former Commander of the Military Guards Division Kim Kisŏk 
前都統使 金箕錫
	3

	Special overseer
別看役
	Manager Han Munkyu 監官 韓文奎 , 
Select officer Kim Chŏngyŏng 別選軍官 金正永, 
Select officer Yi Hŭiyŏng [別選軍官] 李煕榮, 
Chief petty officer U Ch’angsin 知彀官 禹昌臣, 
Chief petty officer Yi Haejin [知彀官] 異海晉, 
Chief petty officer Kim Chongwŏn [知彀官]金鍾完, 
Chief petty officer Yi T’aesang [知彀官]李泰相
	7

	Overseer
看役
	Pak Hyŏngyun 朴衡允, 
Pak T’aekyŏng 林泰景, 
Senior-third rank Chŏng Sŏkmin 折衝 鄭錫民,
	3

	Lathe turner
加里匠
	Kang Tŏkchu 姜德周
	1

	Brass plater
豆錫匠
	Hŏ Hak 許鶴,
Ha Ch’idam 河致淡, 
Hwang Ŭnch’ol 黃銀哲, 
Song Chaewŏn 宋在元, 
Son Sugwan 孫秀寬, 
Kim Hongsŏk 金弘石, 
Ha Yunmyŏng 河允明
	7

	Brass worker
燒爐匠
	Pak Sin’gyu 朴信奎, 
Kim T’aehyŏn 金泰鉉
	2

	Shipwright
船匠
	 P’an Yongju and 6 others
判龍周 等七名
	7

	Blacksmith
冶匠
	Han Tŭkchun, Kim Ch’unmyŏng, and 4 others
韓得俊 金春明 等六名, 
Kim Wŏnbo and 12 others 
金元甫 等十三名
	18

	Assistant
助役軍, 
Cook 
火丁軍, 
Errand boy 
使喚軍,
Flag bearer 
旗手
	Yi Hobaek and 7 others
李好伯 等八名

The rest is unnamed
	14



Source: Chigugwan ch’ŏnghŏn ilgi, 1878/6/27.


[bookmark: _Toc37456663]Figure 53. Steamship. Bibliothèque nationale de France, Paris, France. In Illustrated Explanations for Artillery Practice by Ding Gongchen, reprinted in 1873 by the Three Armies Command in Korea.

What is in this tale for us? For one, we can say that these handy minds built on the work of Ding and went further. If as the latter proclaimed, the “small fire wheel boat…was a first step on the route to imitating [Western] methods,” his Korean peers had taken the next one.[footnoteRef:600] [600:  	Andrade, The Gunpowder Age, 264.] 

But more importantly, this story culminates the deep history of a culture of making on the peninsula, which we have traced from the mists of the 14th century. Starting with the Government Arsenal, a precocious manufactory, and the early artisans there who developed the practices of prototyping, this culture flourished with coming centuries into a vibrant network of small but diversely capable institutions. And in these division workshops, where soldiers became artisans and officers skilled up as managers, a distinctive model of production grew that could, in turn, range across a wide array of artifacts and projects, from muskets and royal tombs, to fire engines, jade seals, acupuncture models, and mechanical clocks. Finally, as we have brought this story into the twilight of Chosŏn, we now find that the Korean shop floor is still alive and kicking at the turn of the 20th century, trying as it did to produce the quintessentially industrial object.
The Korean steamer, built and rebuilt by traditional craftworkers, then emerges as much more than an epitome of deficiencies, failures, and missed opportunities in the age of high imperialism. Instead, if we can dwell on the shop floor—away from the distractions of high politics and the modernist telos that demands a verdict of success or failure, the same steamer can reflect the remarkable vigor of a Korean culture of making. Surely, this steamer, which disappears into history thereafter, made no “impact” in changing the fate of Chosŏn. Still, it brings recognition to the local artisans and practitioners who deserve it: as per usual, these down-to-earth craftspeople took note of new artifacts, prototyped, and tried to understand them through bodily practices and their own spirit of empiricism.
And as they went about their ways, these handy minds of Chosŏn unleashed new skills, knowledges, and identities that initiated Korea into the modern industrial world. Officers like Yi Hŭiyŏng—who built the steam wagon, and then, the steamship—went on to take on other industrial products such as repeating rifles (ch'iryŏnch'ong 七連衝), Gatling guns (hoesŏnp'o 回旋砲), “self-reacting sulfur” (chagihwang 自起黃), and iron-forging machines (t'ach'ŏlgi 打鐵機).[footnoteRef:601] In 1884, when these officers then joined the newly founded Machine Works, they were now flanked by a small yet emerging group of colleagues who had underwent proper industrial training. Officer Sang Ŭn (尙澐, active 1881–1889), for instance, mastered his course in electrical engineering at the Jiangnan Arsenal (at a rate that surprised his Chinese instructors), and then returned home to become a board member of the Machine Works, as well as leading eventually the Telegraph Office (Chŏnbosa 電報司) of the Korean Empire.[footnoteRef:602] Meanwhile, artisans like brass plater Ha Ch’idam (河致淡, n.d.), blacksmith Han Tŭkchun (韓得俊, n.d.), and brass worker Kim T’aehyŏn (金泰鉉, n.d.)—who had built the second-generation Korean steamer in 1878—also had a chance to study abroad in Tianjin and return home.[footnoteRef:603] In fact, the best among them—like artisan Song Kyŏnghwa (宋景和, active 1882–1902)—would even show his Chinese instructors that they declared handicraft passé too early: after making percussion cap and torpedoes at the Jiangnan Arsenal, Song excelled not just in using Western tools to produce these, but also in bringing his “manual facility” (subŏp chŏngnyang 手法精良) to craft the tools themselves. As those at the arsenal noted with surprise, Song’s tools were “not even minutely misaligned” (muil ch'amch'a 無一參差).[footnoteRef:604] [601:   	Chigugwan ch’ŏnghŏn ilgi, 1876/8/21: 自起磺, 七連銃, 水車, 新造時, 別單…別看役方天鏞, 守令待窠擬入, 禹昌臣, 以其子令本所調用, 金箕斗, 多朔勤苦, 效勞夥多, 極爲嘉尙, 不可無別般施意, 守令待窠首先擬入, 李熙榮, 相當職調用…豆錫匠許鶴伊, 全興吉, 小木匠閔學信, 令本所從願施賞, 金興伊, 木手金命錫, 帖加, 金興石, 金根石, 令本所從願施賞, 冶匠尹萬石, 金元永, 磨造匠姜德柱, 使喚旗手李浩仁, 洪乭伊, 李三石, 以上各木布一疋, 使喚軍崔福同, 等四名各木一疋, 判下; SJW, 1879/3/15: 以武衛所軍器造成時別單, 傳曰, 別看役武兼金正永, 訓鍊主簿李熙榮; Chigugwan ch’ŏnghŏn ilgi, 打鐵機造成後別單: 別看役武兼金正永, 守令待窠, 首先擬入, 訓鍊主簿李煕榮, 守令待窠首先擬入.]  [602:  	Kim Yŏnhŭi 김연희, “Yŏngsŏn sahaeng kun’gye hakchodan ŭi chaep’yŏngga 영선사행 군계학조단의 재평가 [A Reappraisal of the Military Studies Mission to China in 1881],” Han’guksa yŏn’gu 137 (2007), 238, 249, 260–2.]  [603:  	Ibid. Korean historians have produced an exhaustive list of Korean students at the Jiangnan Arsenal, but missed that many of these artisans were in fact part of the Military Guards Agency and that they had the experience of building the Korean steamer in 1878 before.]  [604:  	Song won praise various times. For an illustrative example, see Ŏ Yunjung 魚允中, and Kim Yunsik 金允植, Chongjŏng yŏnp’yo. Ŭmch’ŏngsa: chŏn 從政年表. 陰晴史: 全 (T’amgudang, 1971 [originally 1881–1883]), 171–2: 許又曰, 貴國工匠宋景和, 手法精良, 新造銅冒手器數件, 無一參差, 可喜可喜. 余曰, 宋景和勤實做去, 始終無間, 以其用心, 故能如此耳. 許曰, 惟勤實, 則百事可做…轉訪潘駿德, 梅園, 亦稱宋景和之能, 讚譽不已曰, 此是狠好的手, 爲貴國頭等工匠, 宜另加賞銀, 以示激勸之意. 余曰, 宋景和之用心精學, 誠爲可尙, 但聞來數千里外, 一視撫綏, 亦甚不易, 今若偏賞宋景和, 他工匠必多解體, 有腹誹脣反之慮矣, 不如歸奏國王, 以俟處分. Also see Kim, “Yŏngsŏn sahaeng kun’gye hakchodan," 249, 260.] 

What role would these individuals play in the making of modern Korea? 
That is a story for another time.

Early Modern Korea and Global History from the Periphery
	Before closing, I answer here to the promises made at the introduction by expounding—though briefly—on the broader implications of this study. In three parts that investigated the spaces, practices, and objects of production, my dissertation has uncovered a culture of making in Chosŏn that bore intriguing parallels and connections with its counterparts across the early modern world. Upon arriving at the end of this investigation, however, it is perhaps not so surprising to learn that said culture existed in Chosŏn or that it rested deeply within global currents of change. After all, why should one expect otherwise? In demonstrating the seemingly banal argument, however, I contend that a new foundation has been laid to rethink Chosŏn and the global early modern of which it was part. That is, the foregoing story about artisans and practitioners urges us to recognize a form of “early modernity” in Korea; it, moreover, lights a new path for writing what I call a “global history from the periphery.”
In my usage here, early modern Korea refers to the period between the 17th and 19th centuries, a period which—as shown in this dissertation—saw the rise of new workshops, epistemologies, and artifacts. Why and exactly how this Korea was early modern will follow, but to begin, one needs to wrestle with the concept. Introducing early modern to the lexicon of Korean studies is still a controversial move, and while some Koreanists have begun to employ the term, they have offered no explanation or reflection.[footnoteRef:605] The virtue of early modernity, of course, is in opening up possibilities for comparison and connection—with not just Western Europe but within East Asia as well as across the world. Yet, the problem is with teleology: early modernity seems to imply a singular, evolutionary path to “full” modernity; and it also triggers, understandably, anxieties about reviving the modernization theory of the 1950s and 1960s, which reduced the world into a typology of the modern (West) and the non-modern (Rest).[footnoteRef:606] [605:  	The first use of the term to refer to Chosŏn Korea occurs in 1975, in Michael Kalton’s study of practical learning. Michael C. Kalton, “Introduction to Silhak,” Korea Journal 15 (1975). Recently, a few historians have begun to feature it prominently in their book titles. See, for example, Christopher Lovins, King Chŏngjo, an Enlightened Despot in Early Modern Korea (Albany, NY: State University of New York Press, 2019). None of the works above explain their use of the term. For a historiographical review on how European historians have grappled with the issue of modernity, see Anders Karlsson, “Recent Western-European Historical Studies on ‘Pre-Modern’ Korea and the Issue of ‘Modernity’ Revisited,” International Journal of Korean History 18, no. 1 (2013).]  [606:  	David L. Howell, “Genealogies of Japanese Early Modernity” (forthcoming), 1, 30.] 

I argue, however, that the concept of early modernity—when used prudently—not only overcomes these issues but proves to be a compelling way forward. As Japan historian David Howell has shown, it is indeed possible—and productive—to employ the concept to understand world history and East Asia as part of that history. First, as Howell evinces through an intellectual archaeology of the Japanese kinsei (and of its translation into “early modern” in English), the term in fact emerged independently from modernization theory, and in Japanese historiography even before historians of Renaissance Europe. This effectively reclaims its history and detaches it from injurious associations with said theory.[footnoteRef:607] [607:  	Ibid., 13–30.] 

Second, the charge of teleology is further absolved by accommodating early modernities in the plural. After 1492, the movement of people, ideas, and goods across the world took a fundamentally different course; but while this outgrowth of connections then knitted together an increasingly “singular” early modern world, it also generated more differences and diversities that proliferated into “plural” global early modernities. This peculiar development is an irony that characterizes the period that is 1550 to 1850, and it culminated in yet another: only one of these pluralities would eventually prevail—i.e., that of England—and it compelled all others to radically reorient, “modernize,” and above all, be forgotten.[footnoteRef:608] [608:  	Ibid., 30–3.] 

Finally, the ultimate appeal of early modernity is the opportunity to embrace—not abandon—the liminality of many societies that throve between the 16th and 19th centuries. On this, Howell put it the clearest terms possible, with the example of Tokugawa Japan:
So why insist on “early modernity”? Because it forces us to confront the
siren temptations of seeing the Tokugawa era as the seedbed of modernity, on
the one hand, and as the epitome of an alien non-modernity, on the other hand.
Charting a course between the two can be difficult, yet it can be enormously
rewarding, too, for the opportunities it presents to focus not on “preparation” for
modernity but rather on the “preexisting conditions” during the “beforeness of
change,” to borrow Gluck’s language once again, and to do so in a way that is
intensely conscious of conditions in the world beyond Japan.[footnoteRef:609] [609:  	Ibid., 33.] 


To be an early modernist, in other words, is to patiently inhabit the in-betweenness of change, and resist the temptations to pass the verdict of “modern” or “non-modern” to historical actors and phenomena that straddled both—and finally, to do this with a global historical outlook.
	So what then did early modernity look like in Chosŏn Korea? In the context of this dissertation, we find it, first, in the spaces of production. The military workshops of Chosŏn anticipated the modern factory in many ways: they segmented production into its minute parts, employed production managers, rotated workers in shifts, and even prescribed daily production goals for the individual artisan. In the 17th century, this practice of “industrial” production before industrialization then devolved into multiple, small-scale workshops; the change, which modernization theorists would label as backward (i.e., backpedaling in the evolutionary drift towards capital industrialism), was in fact a development with unexpected positive consequences. Namely, the division workshops—despite having little capital and not much of a market for their goods—still became places where “early modern” production occurred in Chosŏn: operating small-scale yet from a stunningly diverse array of crafts and craftworkers, the divisions became all-in-one laboratories where “early modern things”—from muskets and screw pumps to fire engines and steam engines—could be made; and where “handy minds”—characteristic of new practitioners across the global early modern—could be found.
Hidden in this curious development is a lesson for global historians of science and technology. To date, studies have shown that similarly productive workshops emerged in Europe and Japan, yet from artisan guilds and private manufactories—and in tandem with a rapidly commercializing economy. The Korean case, however, was quite the contrary: workshops evolved there not from a robust market but from a longstanding tradition of state-led manufacturing—and perhaps the most importantly, with a distinctive (and decidedly “non-modern”) commitment to self-sufficiency.
I argue that rather than relegate Chosŏn to non-modernity, this divergence should challenge us to rethink what it meant to be early modern. The trajectory of Korean development, as laid out above, does not fit within the usual (read West-centric) telos of history that progresses from the preindustrial, to the proto-industrial, and then the fully industrial. Yet, given that this incongruity still transpired within a world of striking similarities, it pushes us, then, to consider a different approach to history—one that starts fresh with local experiences and interweaves, strand by strand, a new tapestry of the globe. Specifically, this means to shift priorities and decenter industrial capitalism in our understanding of early modernity. One could, of course, argue for an early modern Korea by taking after existing works in global economic history, namely, that Korea—like Japan, France, and England—accumulated capital, urbanized, raised life expectancies, bettered calorie intake per capital, and so on.[footnoteRef:610] But the early modernity I advance here has little to do with a comparative accounting of wealth. It is more fundamentally about a changing world where parallels and connections across vast regions could thrust even peripheral places like Chosŏn alongside their powerful counterparts with grandiose (and eventually imperial) ambitions. This view does not begin with certain traits of (early) modernity—be it capitalism, democracy, experimental sciences, or civic society—and then trace their origins backwards. It prioritizes, rather, the very process of transformation that made these and so much more, bringing our attention squarely to the connections, movements, and the parallels that knitted the world together more closely than ever before.[footnoteRef:611] [610:  	Karlsson, “Recent Western-European Historical Studies,” 195–7.]  [611:  	For a similar take on movement as constitutive of early modern science and the early modern world, see Findlen, ed, Early Modern Things; Bleichmar and Martin, eds. Objects in Motion; Smith, ed, Entangled Itineraries.] 

If this sound like the standard call to write comparative and connected histories, let me clarify: “comparison” and “connection” can mean radically different things when viewed from the usually early modern—i.e., regions that are often championed in historiography like Europe, China, and Japan—and from the never early modern—for our purposes here, Korea. With good reason, global historians to date have continued to write connected histories from Europe and European agents, if not the networks of change and exchange they wrought. Similarly, other globalists who held up super-states like China also extended these histories, arguing for their own share in the making of the early modern world. The global histories that remain to be written, however, are those that are anchored in hitherto unimagined places—places that were aloof, less powerful, and linked only tenuously to the mainstream actors of the early modern world.
As I have attempted in this dissertation, writing the latter can be instructive in its own way, and I close with just two points about its rewards. Global history from the periphery can show, first, the existence of “parallel worlds” that develop in far-flung regions even in the absence of direct, sustained contact. Second, they also point to a different view of (dis)connectivity in the global early modern where the circulation of knowledge and artifacts could penetrate and spread into distant places, only to stop, become arrested, and deeply localize in isolation.[footnoteRef:612] [612:  	My ideas about parallel worlds and (dis)connectivity were inspired by David Howell and Fa-ti Fan, respectively. See Howell, “Genealogies of Japanese Early Modernity,” 9–11; Fan, “The Global Turn in the History of Science,” 252–3. Victor Lieberman’s works were also influential. Victor Lieberman, Strange Parallels: Southeast Asia in Global Context, c. 800–1830, Volume 1: Integration on the Mainland (New York: Cambridge University Press, 2007); Victor Lieberman, Strange Parallels: Southeast Asia in Global Context, c. 800–1830, Volume 2: Mainland Mirrors: Europe, Japan, China, South Asia, and the Islands (New York: Cambridge University Press, 2009).] 

Take first the notion of parallel worlds. In learning about the epistemologies of Korean artisans and officers in Part II, we find that new knowledge practices formed and transformed in Chosŏn in a way that strikingly resembled that of early modern Europe. Both places developed, first, an artisanal epistemology that rested on bodily labor, manipulation of matter, and empiricism as its sources of truth; and then, this epistemology became mobilized by other practitioners in society, combining in Europe with the knowledge of university-trained scholars and in Korea, with the technical expertise of specialist chungin officers. The result in both places was the rise of new epistemic approaches that drew heavily on the “body of the artisan.”
But to dwell exclusively on these similarities would be misleading. Parallel worlds do not mean identical worlds, and local conditions—e.g., social structure, economy, and ideology—can inflect on the lives of entities and phenomena shared in said worlds; these engines of change then create differences which were, if you will, dependent in part on existing similarities.
Consider for instance the ultimately divergent paths of Korean and European artisans. Korean artisans broadened up and injected their epistemologies into the upper rungs of society—like their European peers; but this lifting of artisanal knowledge had vastly different consequences. European artisans, for one, made the transition from being a subliterate group in the 15th century to publishing their own treatises and forming professional associations in the coming centuries; in particular, we even see the rise of artistes in late 18th century France who laid claims on scholarly knowledge. In Korea, however, artisans did not show much concern for sharing their knowledge in writing or insinuate themselves so successfully into the world of the scholar-literati. Socially speaking, they were also bound to the status of commoners and slaves, and even as some rose to become officers, they would then posture as chungin, not artisans.[footnoteRef:613] We will surely learn more about these knowledge transformations in the coming years, including their exact contours when compared to Europe, other countries in East Asia, and elsewhere. But so far, the Korean story tells us this much: new sciences and technologies emerged at both ends of Eurasia through the elevation of artisanal epistemologies, and remarkably, this similarity arose without direct or frequent exchanges. [613:  	Consider in this respect a close parallel with the case of artisans in the Qing. Ko, The Social Life of Inkstones, 199.] 

This brings me to the final point: (dis)connectivity. In investigating the strange parallels, one question lingers: how? Rephrased in the context of this dissertation, the question goes: how, if Koreans were not linked intensely with the prime movers of the globe (Europeans)—as say, South Asian and Southeast Asian polities were to Portuguese mariners; the Qing court to Jesuit missionaries; and the Japanese with the Dutch in Nagasaki—could striking similarities form?
The answer lies in discovering a kind of connection that is subtle, if tenuous, and with many loose ends. In the third and last part of this dissertation, I grappled with such a connection and presented the case of the matchlock gun. The gun, as we examined, traveled so far—from Bohemia to Korea—but only to be misunderstood initially in Chosŏn, and then, when fully assimilated, to never become a medium of exchange with its European originators. One way to conceptualize this phenomenon is mediation: just as Korean authorities imported Jesuit sciences through Chinese texts and encyclopedias, their talented underlings (artisans and practitioners) reenacted the snap matchlock by learning from Japanese craftsmen, who had in turn, taken after the Malay, Goan, Portuguese, and Bohemian artisans. Remarkably, these mediations were often so circuitous that at their opposite ends, say in Bohemia and Korea, the originators had the faintest idea of who would receive it or put it to what use; and the unwitting recipients could not care less about the former’s identity or intentions.
That even these subtle connections should wield enormous influence, however, had precisely to do with the early modern world. Between the 16th and 19th centuries, a significant portion of the world that is Eurasia was undergoing an “Age of Parity,” to borrow Andrade’s words: even as Europeans charted across vast oceans and enmeshed far-flung regions into new connections, their expansion was checked in East Asia, a region where they held no, if little, edge until the advent of modern imperialism.[footnoteRef:614] This arresting of an expanding European early modernity was most prominent in Korea, not because Chosŏn had more military prowess than its neighbors, to be sure, but due to various circumstantial factors (e.g., geopolitics, proximity to China, and European presumptions) that prevented direct, sustained contact with Europeans. I contend that understanding this context, where connections could reach so deeply but only ephemerally, is important to define the kind of early modernity that transpired in Chosŏn: whether it be guns, clocks, astronomy, or screw pumps, these knowledge-objects—upon arrival on Korean soil—were left entirely up to the locals to use, reject, or radically reinvent. While modernity, in Carol Gluck’s words, was “not optional in history,” early modernities could thus proliferate, and it is this eccentric nature of the period between 16th and 19th centuries that allowed global science and technology to be made and remade in a periphery that is Chosŏn Korea.[footnoteRef:615] [614:  	Andrade, The Gunpowder Age, 5, 135–236. Also see Frumer, Making Time, 5.]  [615:  	Carol Gluck, “The End of Elsewhere: Writing Modernity Now,” American Historical Review 116, no. 3 (June 2011), 676, as cited in Howell, “Genealogies of Japanese Early Modernity,” 32.] 
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