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Peter Zumthor fragte ihn:  

‚Ist das eigentlich noch handwerklich, was du da machst?’ 

 

 

 

 

 

 

‚Ja, ich hoble doch das Holz.’ 

antwortete der Schreiner, während er ein Stück Holz durch die Hobelmaschine 

hindurch lässt.  

 

Dialog in Zumthor, (2016, p. 80) 
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Abstract 

The craft of carpentry is in a constant process of change. This dissertation focuses 

on the changing work processes between carpenters and joinery robots. These 

CNC-controlled machines open up enormous potential in terms of production 

speed, precision and the complexity of structural elements. At the same time, 

this technological evolution means a change for habitual methods and craft 

traditions. Previous process flows are changing in favour of the new, digital tools. 

Knowledge and proven practices that were previously central to the carpenter’s 

education and profession are now being reprioritised. The question some 

craftspeople may ask themselves is where their own role is now to be found; what 

is the necessity of carpenters in the process? 

In the context of this thesis, (1) the ‘former’ profession of carpenters is outlined, 

(2) a picture of the contemporary work involving joinery robots is drawn, (3) the 

question of manual labour in the process is discussed, and finally (4) an extended 

understanding of the interaction between humans and machines is elaborated. 

The individual papers then answer questions such as how historical techniques 

can add value to the digital manufacturing process (P I.), what specific role an 

individual carpenter might have in this process (P II.), and how previously 

unprofitable construction principles can add a new, regional value through 

joinery robots (P III.). Finally, a comparison (P IV.) is used to discuss further 

technological developments in the sector. 

 

Keywords: changing craft, carpenter knowledge, digital transformation, robotic 

fabrication, 
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1 Craft in a Process of Change 

1.1 Carpenters and the Digital Revolution 

 

‚Manche Zimmerer sind oft aus der Tradition heraus 

noch nicht vollends in das Zeitalter der Digitalisierung 

aufgebrochen.’ (Lindner, 2018). 

 

Following this quote on holzkurier.com, the claim is made that: ‘Some carpenters, 

out of tradition, have often not yet fully entered the age of digitisation.’ It 

appears that the craftsmen still have some catching up to do. While the above 

quotation argues that it is primarily a choice between ‘tradition’ and 

‘innovation’, the same article later on raises the question of what this process of 

change actually means for a carpenter in terms of digitisation. However, for the 

author it seems clear that digitalization is changing timber construction. Over 

the last few years, buzzwords such as ‘digitisation’, ‘innovation’ and ‘artificial 

intelligence’ have made their way onto many covers and into many presentations. 

‘Innovation packages’ and ‘digitisation plans’ have been proclaimed and 

announced by policymakers. 

To avoid being left behind, seemingly everything needs to happen fast in this 

global competition. New technologies might offer new solutions that have to be 

introduced as soon as possible. Workshops on the topic of ‘digitalization’ are 

being held and expeditions to the Silicon Valley are being organized, in order to 

learn from the most successful companies. Ideally, after the flight home, the 

knowledge gained on site can be implemented directly in the company’s own 

operations (Friesike & Sprondel, 2022, pp. 61–62). At least that is the business 

idea of the tour operators. 

However, if we look at this desire for change and development in more depth, an 

increasing number of questions start to arise. What does this process of 

digitalization actually mean in a specific area such as the profession of carpentry? 

To what extent can new technological possibilities be implemented in a 



 

 13

meaningful way in a craft profession, and is it really necessary to act as quickly 

as it may currently appear? Especially in an historically far-reaching profession 

such as carpentry, the question of ‘tradition’ and/or ‘innovation’, as well as ‘old’ 

or ‘new’ seems to arise. As mentioned in the quote at the beginning of this 

document, there seems to be a need to take a stand on what parts can be 

preserved and what parts must be replaced. But where does this underlying 

pressure to avoid missing the digital boat or the urgent need to replace 

established practices with new, seemingly more innovative alternatives come 

from? 

Looking back, an interesting change in corporate culture can be observed using 

the example of the social media platform Facebook. Until 2014, the motto of the 

Facebook Group was ‘Move Fast and Break Things’. At that point, their primary 

focus was the fast delivery of new features, which may not yet have been fully 

developed. Until then, it was a common practice to launch a product, a code, on 

the platform even though it was not yet fully developed. If necessary, the errors 

and problems that subsequently occurred were then fixed at a later point during 

operation. The primary benefit of this strategy was to rapidly achieve ambitious 

goals that had been set at an earlier stage. However, this accelerated pace of 

progress was at the expense of platform reliability, the workload of employees 

and a resulting unstable infrastructure (Baer, 2014). It was probably also due to 

this progressive growth policy that the company reached an overwhelming size 

without having sufficiently addressed fundamental issues such as privacy and the 

use of user data until that point. However, the need for those issues became 

increasingly prominent over the following years. One of the most prominent 

moments in these issues was in 2018, when Mark Zuckerberg, co-founder and 

CEO of Facebook, was questioned on them in front of the U.S. Congress. 

Although Facebook had already changed its internal slogan in 2014 to ‘Move fast 

with stable infrastructure’, this event has had a strong impact on the global 

discussion about digitisation. Similar to Facebook, the media hype surrounding 

the digital revolution is characterized by an apparent high speed of change, 

radicality in decision-making, and proactive reshaping of conventional practices. 

This rhetoric is not limited to the actions of a single company. For example, 

processes that take place in the context of ‘digitisation’ or ‘digital transformation’ 
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are often linked to correspondingly radical and disruptive changes. If one follows 

the proponents of this trend of change, all of our business models and companies 

would be transformed (Anderson, 2013, p. 21; McAfee & Brynjolfsson, 2018). 

As one of the most powerful claims in terms of these supposed processes of 

change, Frey and Osborne (2017) published an estimate of which professions were 

likely to be replaced by computers in the coming years and with what probability. 

As part of their findings, almost fifty percent of all jobs in the U.S. were 

considered to be ‘at risk’ of automation. The work of these professions is expected 

to be replaced by computers or robots in the near future. The profession of 

carpenter was ranked in 398 place out of 702 and is thus on a comparable level 

to pharmacy aides or a home appliance repairer. 

Although the findings by Frey & Osbourne have been further developed by others 

since then in publications arguing less risk, the fundamental question remains as 

to which professions will still exist in the future and where or to what extent 

computers or robots will take over a part of the overall process. 

 

1.1.1 What influences a carpenter? Four Observations 

In order to develop a deeper understanding of the complexity of the current 

situation of carpenters, it is important to ask where the craftsmen stand at the 

moment. As part of this research, a large number of carpenters and experts in 

the field were consulted. In doing so, four main points were mentioned repeatedly: 

 

1. External pressure to innovate: 

As described in the previous section, digital technologies are being promoted as 

the right path to a secure future. Funding and coaching opportunities from the 

chamber of crafts and the trade associations are intended to provide the necessary 

know-how, so that people and their companies can manage a development process 

that is as straightforward as possible. 

As can be seen in the interview ‘Aus Überzeugung digitalisiert’ by Holzbau 

Austria, every now and then an individual is highlighted as a leading thinker. In 

this example, a carpenter is interviewed who talks about his experience with 
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digitalization. He describes fears and risks, but also advantages and new 

possibilities that have emerged through the use of a joinery robot (Lanz, 2020).  

While in the above example, the state of Salzburg provided an incentive with its 

so-called digitisation campaign, the region of Vorarlberg has written a ‘Digital 

Agenda Vorarlberg’. On 59 pages, it outlines the next necessary steps in this 

transformation process (Amt der vorarlberger Landesregierung, 2018). 

So, while the goals seem to be straightforward on a political scale, the question 

arises as to what can be done in practical terms within an individual company. 

Ultimately, these changes are intended to generate added value for the individual 

craft enterprises. Craftspeople, who are already busy in their day-to-day 

operations, like managing site projects and keeping their company on track, see 

the signals that something needs to be done, but it may still be unclear where 

and in what way the ‘digital transformation’ should be implemented in their 

company. 

 

2. Questioning one’s own tradition: 

A large number of the carpentry companies that were visited can look back on a 

long company history. In most cases, a further step ‘forward’ was taken with 

each change of generations. New machines were purchased, joinery workshops 

were expanded or new ones were even built. All these actions followed an 

apparent thread, a line of tradition, and could be seen in connection to their craft 

and tradition. When asked how the history of their company or their profession 

should be continued with regard to digitisation, the craftsmen expressed 

uncertainty about making a wrong decision. For the craftsmen, this decision 

seems to be a radical break with previous ways of doing things. 

 

3. Economic, solid basis: 

Common to all the discussions were comments that carpenters can currently look 

forward to an exceptionally good order situation. As a result of the changing 

awareness in society to make use of renewable materials and accessing regional 

building materials, the business opportunities for wood craftspeople are very 

good. Subsidies favour building with wood and the acceptance in society is 

contributing to an increasing demand for corresponding construction methods. 
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Even though the global price fluctuations of building materials in 2021 have 

brought some uncertainty, everyone is well aware of the potential of timber 

construction. Accordingly, the order books of the craft enterprises are packed. 

 

4. Demanding times in terms of manpower: ‚Fachkräftemangel’ 

The current shortage of skilled workers in the construction industry also means 

a challenge for carpenters (Dornmayr & Riepl, 2021). Although the interviewed 

companies are pleased with their increasing number of orders, in most cases they 

have to complete the projects with the same number of staff, and sometimes even 

a smaller number of people. In Vorarlberg, there are currently around 170 

apprentices in training. Although this is a very positive development, it is more 

than necessary for the 150 carpentry companies in the region (Zeman, 2022). It 

also means that the number of apprentices is barely keeping up with retirements 

and job exits. Aside from this young professional issue, interviewees also 

repeatedly described the challenge of downtime (physical stress and health 

issues), age-related retirements, or simple career reorientation. 

 

These four points, summarized as examples, are a selection of the topics described 

more than once by the craftspeople in the interviews. However, what seems to 

be particularly worth mentioning in the context of ‘digitalization in the craft of 

carpentry’ is the fact that the call for a ‘digital’ change seems to originate from 

outside the companies, but the practical implementation within the individual 

companies is faced by a certain degree of insecurity. This is a particularly 

important point, since the companies are basically experiencing a very good 

demand situation, but have too few hands - i.e. craftsmen. It would therefore be 

quite obvious to simply invest in new machines and CNC joinery robots. So, 

where does the scepticism come from with regard to technological innovations 

that would solve so many problems, or so it seems at first glance? 
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1.1.2 Might Technology solve the problem? 

In his book ‘The Craftsman’, Richard Sennett describes the story of the French 

inventor Jacques de Vaucanson. In the 18th century, this inventive mind tried 

to develop things that could amaze people around him. His inventions included 

a mechanical duck that appeared to digest and defecate (but ultimately turned 

out to be a fake) and a mechanical flute player that could actually play music. 

Although this puppet was quite complex in its realization and could amaze people 

with numerous melodies, its performance skills were still far below those of a 

human flute player. Impressed by this technical marvel, the French King Louis 

XV appointed Vaucanson to manage French silk production at that time. Back 

then, the looms were operated by skilled workers in laborious and time-

consuming manual work. The knowledge that Vaucanson gained from the 

development of the flute player allowed him to contribute to the further 

development of the looms. While previously the weavers had to perform their 

work with an appropriate level of dexterity and optical control, the new looms 

produced a better product even without these skills. For the workers who were 

on strike in those days, this development was rather unpleasant, of course. 

As a result, it was possible to produce at lower cost and faster. The workers, who 

had previously been slaving away for very low wages, now had to give up their 

jobs completely. The frustration was accordingly directed against the inventor 

and the new loom (Sennett & Bischoff, 2008, pp. 119–122). In this brief example, 

Richard Sennett illustrates how technological progress can, under certain 

circumstances, take over, improve and even replace parts of people’s tasks. The 

new looms were also capable of producing more complex patterns with greater 

accuracy. For Sennett, this example marks the beginning of the substitution of 

machines for craftspeople. Historically, however, this debate can also be 

illuminated by other events. 

For example, the process of writing books by hand was replaced someday by the 

printing press (Giesecke, 1998, p. 63). The letterpress, in turn, was then replaced 

by the cylinder press, and later by digital printing and photocopying equipment, 

with each of these transformations discarding existing skills and adopting new 
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approaches. Of course, these technological changes have in turn given rise to new 

professions associated with the machines. 

While for some people the invention of a loom already meant the loss of the art 

of manual weaving, in the example of Vaucanson it was the further development 

of already existing looms into automatic machines that ultimately displaced 

manual work from the process. In the final stage, it was the use of punched cards, 

among other things, that made people’s manual work completely replaceable. 

Are carpenters now in a similar situation to the weavers of the 17th century? To 

what extent do these historical examples have relevance in carpentry trades 

today, or is there a difference to the current situation? 

As described on the basis of the four points above, the craft of carpentry is facing 

various challenges. On the one hand, there is the question of how to meet the 

increasing demand in the construction industry. On the other hand, it should be 

possible to handle a rising number of orders without a corresponding increase in 

skilled workers. As one further point, new developments under the buzzword of 

‘digitalization’ are being pushed by politics and business, while the question of 

the craftsmen’s culture, their profession, remains unclear. 

If we follow the solution patterns of workforce optimization in a craft business 

from the past, rationally speaking, the most obvious and efficient solution is to 

invest in a new machine. Depending on the configuration, this machine will 

quickly and reliably be able to handle parts of the manual work once performed 

by craftsmen. 

While modern planing machines and digitally controlled sliding table saws can 

optimize certain activities of carpenters, for the past 25-30 years a new combined 

tool has been making its debut in the joinery workshops (Jeska et al., 2015, 

p. 60). So-called joinery robots combine a multitude of processing options of 

various tools. Computer-controlled and supervised by machinists, wooden parts 

are milled, drilled, slotted and also marked. In most cases, this substantial 

investment simultaneously replaces the purchase of other machines such as a 

circular saw, a tapping machine or a slotting unit. Work previously performed 

on several smaller, stationary machines can now be carried out on a single, large 

joinery system. In most cases, the decision for such a new machine is driven by 

other processes taking place in the company, such as the takeover of the company 
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by the next generation or a structural change in the company’s management. 

Because of the associated need to keep the business running for the next 20 to 

30 years and the need to be technologically up to date, craft businesses are taking 

the step towards robot-assisted joinery. From this point of view, the acquisition 

of such a robot is ‘only’ a question of the firm’s economic starting position. How 

long does the machine have to work in our company in order to pay for itself? 

What orders can we offer? Is there a corresponding need in our region to be able 

to work efficiently with such a machine? etc. 

While these economically driven aspects may be discussed rationally, such an 

investment implies further, perhaps much more substantial, consequences. The 

question of how a craft profession changes as a result of new technology is at 

least as substantial as the optimization of individual activities or a company’s 

economic success . Such investments not only replace existing tools, but also 

fundamentally rearrange the manufacturing processes in a carpentry shop. Work 

processes are reorganized, orders are calculated differently in view of the 

machine’s technical possibilities, and jobs are rearranged. The specific reasons 

why craft businesses decide to do this are always on an operational and individual 

level and therefore have different origins. However, the main reason is the desire 

to optimize the workflow and reduce the craftsmen’s workload. One fundamental 

aspect of the carpenter’s profession, therefore, is not taken into account. The 

main focus of this thesis is precisely this often unconsidered, secondary change, 

and essentially revolves around the question: 

 

How is the craft of carpentry changed 

by making use of a CNC joinery robot? 

 

Further sub-questions are raised in order to clarify this wide-ranging discussion: 

- How does the craftsmen’s knowledge in combination with the capabilities 

of joinery robots lead to new solutions? 

- Does the introduction of a joinery robot imply an erosion of traditional 

working methods for the craftsmen? 

- What is the newly arranged role of the worker, and what part does the 

machine play? 
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Figure 1. Man and machine working on the same piece of wood; from ‘Orbis sensualium 
pictus’, the robotic arm was added ‘digitally’ in 2020. 

 

An artistic print by Johann Amos Comenius (1658, p. 130)  

summarises and illustrates the range of tasks a carpenter had to perform at that 

time. 

We can see three people working with axes and parts of a truss structure at one 

side.  The picture shows how a tree is cut down and levelled, and its final 

destination in a building. Furthermore, several tools and some details have been 

added to the working men. It is also possible to spot a marking cord, a few 

workhorses, the broad axe of the craftsman, as well as a dowel in the construction 

and the scrap pieces stacked up for drying. In short, in 1658 Comenius started 

an attempt to outline the profession of carpenters on a single print. In the context 

of this thesis, I have taken the opportunity to add a robotic arm to his wonderful 

art work. To me it seemed appropriate for this thesis to pick an exceptionally 

old picture of the profession and enrich it with the appearance of a very modern 

technology.  
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The black-and-white printed graphic thus represents the most traditional values 

of manual carpentry. The bright orange robot arm can be seen as representing 

the modern, technological part of this research. 

In general, the joinery robots used by carpenters on a daily basis do not 

necessarily look like the orange robotic arm shown here. This arm, which is 

typical for the automotive industry, exaggerates the picture with its high 

recognition effect as a robot arm. Its movements, some of which remind us of 

human actions, blur the boundary between humans and machines and question 

where a line between the two can be drawn. 

In the following chapters, the technologically induced change in the craft of 

carpenters is analysed and discussed on different levels. The main focus of this 

research, therefore, is not on the development of new applications for the machine 

in wood construction, but on observations of the change in craft practices already 

happening in the context of robotic automation in carpentry. 

Here, the emphasis  is primarily on the joint performance of craftsmen and their 

joinery machines. The study therefore looked specifically for carpentry companies 

that could already look back on a certain amount of experience with joinery 

robots. By means of company visits, interviews and discussions with people 

involved in the process, their tasks, their attitude towards joinery robots and the 

question of their own performance in the process were examined. 

Selected projects were carefully examined for the work of the craftsmen and the 

performance of the machine. It soon became obvious that a binary separation 

between people and machines is not tenable. The results from these observations 

were then interpreted as a collaborative effort between the carpenters and the 

joinery robots. The actual work process of all the forces involved was tracked 

and documented as a key finding. 

 

In the first section, a clarification of the terminology is provided. This will shed 

light on the question of how the process of digitisation in carpentry can be 

understood, why a robotic arm with a milling head is not necessarily the (only) 

solution, and that carpenters may have already been in a state of digital 

transformation for longer than the media hype wants us to think. 
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The next section addresses the question of ‘whether this is still craftsmanship at 

all’. Thereby, the debate concerns what characterizes the core of craftsmanship, 

where it differs from industrial production, and how manual work is changing in 

our society. As an example, the activities of a carpenter are compared with the 

performance spectrum of a joinery robot. By explicitly focusing on the example 

of ‘joinery work’, in German the so called ‘Abbundarbeit’, the different 

approaches in carpentry will illustrate the technological change. This work of 

‘joining wood’ can be done with a specially constructed joinery robot as well as 

without a robot. The results of the working methods are of course different. 

In the third section, the link to an ongoing discussion in society regarding ‘man 

or/and machine’ is examined. Which of the two is doing the work, and what kind 

of work? On the basis of the actor-network theory, the profession of carpenters 

is analysed and finally considered as a complex network between human beings, 

machines and other elements. It appears to be of particular relevance that since 

the very first records people have always worked with tools in order to expand 

on human capabilities.  

The accompanying articles respond to the questions raised in this thesis. Based 

on the findings in the articles, it will be shown how old craft solutions can be 

revived using the latest building materials and machines. For example, how 

historical joining techniques can encourage the use of modern timber construction 

materials such as beech (in German, Bau Buche) with a joinery robot (Paper I.; 

How new technologies can promote the reintroduction of traditional knowledge 

in the profession of a carpenter), how a carpenter’s expertise and enthusiasm 

have further developed the company’s own joinery robot (Paper II.; Traditional 

Knowledge on Modern Milling Robots) or how an already almost forgotten, 

regionally typical design could be reactivated (Paper III.; The Renaissance of 

Structural Ornamentation). That there is still further development potential in 

the joint work process of man and machine is illustrated in the final part, 

comprising a comparison between the Maker community and carpenters (Paper 

IV.; What a carpenter can learn from ‘Thingiverse’). 

Although this thesis deals extensively with the overarching question of the craft 

of carpenters, it must be said that my numerous conversations with the 

craftspeople provided huge enrichment to the work. While the attempt for a 
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uniform definition of ‘the craft of carpenters’, i.e., a clearly marked profession, is 

often sought in this context, the individual descriptions by the carpenters showed 

how broadly their profession needs to be interpreted. As a result, it should be 

mentioned that the various perspectives of the individual carpenters are very 

diverse and broad. Accordingly, it is difficult if not impossible to sharply define 

the profession of ‘the carpenter’. 
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1.2 What is ‘digitisation’ in the craft of carpentry? 

As described at the beginning, it is often said that companies must engage with 

the latest technological solutions in order to avoid falling behind. However, before 

it can be said whether carpenters are actually lagging behind in their craft, their 

current position with regard to ‘digitisation’ needs to be clarified. 

 

1.2.1 Moment of translation; from analogue to digital 

The process of digitisation in general simply means the translation of a book, a 

piece of music, a thing from an analogue to a digital form. For example, a vinyl 

record that preserves a piece of music in analogue form can be digitised using a 

microphone and a computer. In this process, sounds that were previously grooved 

into a vinyl record are played back through a record player. The sound waves 

are then recorded by a microphone and a computer and stored on the computer 

in the form of digital data. A significant advantage of this digitised form of 

storage is the immense amount of data that a digital storage medium is able to 

hold. While a vinyl record must always remain a certain size for technical reasons, 

the digitised version of the music can be stored on a much smaller hard drive or 

USB stick (Friesike & Sprondel, 2022, p. 11). In addition, a digital storage 

medium may also contain other data formats such as images or videos and 

provide them again at a later time. Digital data therefore only require a fraction 

of the space that their analogue counterparts used to take up. As with any 

translation process, this transformation from analogue to digital involves a 

certain amount of change. It is only in theory that translation processes are 

absolutely free of losses. If a word, a thing, an object is transferred from one form 

to another, therefore, this always means a certain process of change or a 

modification of the word, the thing or the object. While the transmission ratio 

between two gears works mathematically without losses, such as 1:3, i.e. 10 

revolutions to the left means 30 revolutions to the right, the transformation 

process in the real world unavoidably results in corresponding system losses. 

Inaccuracies of the gears, rolling resistance of the bearings but also the air 

resistance of the individual gears mean that a certain part of the energy received 
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in the system is wasted, mostly in the form of frictional heat or downwind. 

Ultimately, it is precisely these transmission inaccuracies that bring the engine 

oil in our cars to an operating temperature of 90°-100°. While these transmission 

inaccuracies can be calculated and measured quite straightforwardly in a car 

gearbox, it is more difficult to do so in the case of a less tangible phenomenon 

such as the translation between different languages. 

For example, a sentence may translate effortlessly into another language, but in 

the new language it no longer carries the same force or even the same message. 

On French motorways, the saying ‘La vitess ou la vie’ urges travellers to keep to 

the given speed. If this sentence is translated directly into English, its previously 

French lightness sounds more like a slogan from a Hollywood thriller: ‘Speed or 

life’. This problem of translation was countered on German roads by an 

appropriate adaptation in the form of ‘travelling instead of speeding’ (in the 

German language form: ‘Reisen statt Rasen’), which ultimately focused on the 

content and not the exact wording and was pursued with intuition instead of 

technical precision (Henschelmann, 1999, p. 21). It is precisely this challenge of 

translation that becomes very vivid and comprehensible in such an absolute field 

as written language. However, the requirements for a reliable, meaningful or 

literal translation already require a deep understanding of the source and target 

languages. Under certain circumstances, specific knowledge of culture, country 

or politics is also necessary in order to ensure the quality of the final product. 

Although the process of translation may seem straightforward on a technical, 

rational level, the actors involved in the process must always be aware that any 

translation is, to some extent, a process of change, of transformation. While 

everyday phrases are seldom affected by such imprecision, the problems of 

translation can be experienced in complex, human works such as poetry or prose. 

These culturally unique constructs, which are highly fragile in terms of style, can 

only be translated into other languages to a limited extent or perhaps not at all. 

It may then be easier to learn the language of the source product in order to 

grasp the content in the original formulation. But the problem of translation still 

remains. It merely shifts from the word written on a page to an intellectual and 

spiritual form in the mind of the individual. 
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If we recognise that such transformations are unavoidable, we first have to ask 

what aspects need to be preserved in this process of transformation. To be able 

to portray such a moment of transformation in the craft of carpenters, it is first 

necessary to clarify the initial situation. Then the questions can be asked which 

key aspects should be kept during the moment of translation, and how these 

aspects can be adequately retained in the resulting output. 

 

1.2.2 Before this translation; How did carpenters work until now? 

In order to assess the current translation moment of carpenters, it is first 

necessary to outline the past working methods of these craftsmen. With a 

documented history of more than 7000 years, the craft of carpentry can look back 

on an extensive historical background (Gerner, 2002, p. 8). A precise date for the 

beginning of this craft is not appropriate, since the craft of carpentry developed 

in a slow, and very subliminal, evolutionary process from the work of farmers. 

Together with the ability to lay loose stones on top of each other in a structured 

way, wood and stone represent some of the oldest building materials of all 

(Gerner, 2002, p. 14). Even before one could speak of a service and trade in 

today’s sense, it was necessary for people to be able to erect and maintain 

buildings of their own. Thus, farmers constructed their first buildings to meet 

their own needs. Because of this need to be able to build and maintain their own 

house, the farmers developed their own specific knowledge of how to work with 

wood as a building material. In the process, the techniques and working methods 

were practised, trained and passed on more or less in isolation and informally 

handed over to others (Zwerger & Olgiati, 2012, p. 54). The specific knowledge 

of manual work was thus passed on to others directly and informally through 

collective work. The growth and development of larger settlements and towns 

led to the profession of craftsmen working with wood as a building material 

becoming more and more in demand. With the increasing complexity of wooden 

constructions such as roof trusses, sacred buildings or bridges, the need for 

experts with specific knowledge concerning the material wood increased. 

Therefore, it became worthwhile to hire master woodworkers from abroad. On 
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site, workers were recruited to help, who in turn were able to expand their own 

knowledge of timber construction (Zwerger & Olgiati, 2012, p. 55). This 

increasing expertise in timber as a construction material led to other professions 

such as woodturners, coopers, wainwrights and joiners or cabinetmakers 

emerging over the years (Gerner, 2002, p. 10). Compared to other crafts, the 

dimensions of the structures to be erected and the associated complexity of the 

parts posed a particular challenge for carpenters. For example, in the actual 

manufacturing of a building, the construction timber used to be delivered directly 

to the building site and was then processed there. The timber beams were laid 

on the ground as they would later be used in the building and then individually 

processed to fit with one another. This unique and typical activity for carpenters 

is generally referred to as ‘the joinery process’; in German better known as 

‘Abbund’ or the joining of timber pieces. Due to the fact that the beams were 

chopped out of round wood by hand, each piece of wood was affected by certain 

inaccuracies. Thus, it was necessary to fit twisted or slightly bent beams to the 

corresponding counterpart. After a wall had been completely tapped together 

and was still lying on the ground, the individual pieces were marked, 

disassembled and then once again assembled piece by piece as the final, vertically 

rising structure (Gerner, 2007, pp. 89–90). According to the dimensions of a 

building, large construction sites were necessary to serve as joinery areas or later 

as a joinery workshop for the craftsmen. Very complex components were first 

drawn on the ground, or on a wooden floor as drafting geometry, and then copied 

onto the individual beams (Ulm, 1983, pp. 124–125). This process, described as 

hand joinery, was one of the main activities of carpenters for many centuries. 

However, as the precision of the available wooden beams and planks increased, 

the intermediate step of placing each piece individually on the floor became no 

longer necessary. Whereas previously each piece had to be picked up manually 

several times, the so-called geometric or mathematical joinery process made it 

possible to calculate the dimensions of the components or to sketch them on a 

geometrically reduced scale. One advantage of geometric joinery is the 

simultaneous optical verification of the planned draft. A great advantage of 

mathematical joinery is the theoretical, absolute accuracy as the component 

lengths, angles etc. were determined mathematically. However, due to the often 
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very complex calculations involving angle functions, the ultimately possible 

complexity was tied to the craftsmen’s mathematical ability (Schneider, 2022). 

Not only for these reasons, for a long time, drawing boards and hand drawings 

in actual size, i.e. on a 1:1 scale, were still the most reliable solutions.  

As a logical next step, computer-assisted joinery developed from mathematical 

and graphical joinery. Since the mid-1980s, the craft of carpentry has undergone 

considerable change (Jeska et al., 2015, p. 60). With the increasing performance 

of computers and the related CAD software, it has been possible to combine the 

beneficial qualities of the different joinery methods. For example, plans drawn in 

CAD programmes have an absolute accuracy that equates to mathematical 

joinery. Working on screens also brings simultaneous visual control of the parts 

displayed on the monitor. While in the past, the size limitations of the floor 

meant that craftsmen had to plan and manufacture a building in partial 

segments, this kind of fragmentation is no longer necessary on the computer. The 

digital floor plan is basically only limited by the performance of the computer. 

Theoretically, the later printed blueprints on the plotter could be joined together 

seamlessly. Therefore, it can be said that the opportunities offered by computers 

and CAD programmes have already moved elementary parts of a carpenter’s 

formerly manual labour into the digital toolbox. Based on my observations in 

the workshops, I was still able to discover the massive drawing tables used to 

create hand-drawn plans. But as the craftsmen explained, these tables were either 

preserved as mementos or intended as an introduction to drawing plans for the 

trainees. There was no longer any evidence of the large-scale production of hand-

drawn plans in any of the workshops. The process of joining wood, once very 

time-consuming and correspondingly essential for craftsmen, has already been 

translated into a digital solution to a large extent. 

While in the past it was necessary to lay out individual, crooked and curved 

beams on the floor, nowadays the delivered construction timber is quite accurate 

in its shape and can be processed immediately after its delivery. Timber is usually 

ordered on a project-by-project basis, delivered ‘just-in-time’ and is completely 

used up, leaving only a few offcuts. Furthermore, complex geometries are first 

created on the computer and no longer have to be laid out on the workshop floor 

and then cut down. While the craftsmen used to start their work from the raw 
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material, i.e. the individual tree trunk, the wood is now ordered according to the 

project and processed straight from there. Both the starting point from the raw 

material and the actual working method of the craftspeople have already 

changed, therefore, and have become much more straightforward. 

 

1.2.3 When was ‘the break’ in the traditional craft of carpenters? 

Looking back from today’s perspective at the craft of carpentry, one may ask 

when the break or the change from the historical to the modern carpenter 

happened. From today’s perspective, this once manual analogue craftsman seems 

to have switched one day to electric machines and then to digitally controlled 

tools. 

As illustrated by the joinery process, the craftsmen’s hand movements have 

changed fundamentally over time. However, in my understanding, the 

transformation steps that happened in the process should be understood as a 

very slow and continuous evolutionary processes rather than as significant steps 

or thresholds. 

If one intends nevertheless to subdivide the evolutionary process in the craft of 

carpenters into a certain technological classification, the doctoral thesis ‘Ein 

architektonisches Periodisierungsmodell anhand fertigungstechnischer Kriterien, 

dargestellt am Beispiel des Holzbaus’ prepared by Christoph Schindler provides 

an impressively complete and coherent argumentation (Schindler, 2009). In his 

work, he illustrates the technological evolution process by means of three waves 

that are essentially based on the relationship between material, energy and 

information. The first wave is introduced as ‘hand-tool technology’, the second 

wave as ‘machine-tool technology’ and the third wave as ‘information-tool 

technology’. Essentially, with these three levels he distinguishes between working 

by hand with hand tools such as hammers or an axe at the first level, working 

with steam, water or electrically driven machines from around the 19th century 

onwards, and then working with the integration of computer-controlled 

machines. The study conducted by Schindler covers a time frame of more than 

3000 years. Under this aspect, it is understandable that the waves described 
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contain an accordingly large number of individual phenomena and developments. 

Although I view his attempt to divide the history of carpentry into three sections 

as only partially appropriate, I deeply appreciate his unbelievably detailed and 

consistent line of work and argumentation. 

1.2.4 In translation; How do carpenters work today? 

If one had to summarise the job description of carpenters in just one sentence, 

one could define their profession as the craft of making and erecting buildings 

and structures from wood (Brockhaus, 2019). From a global point of view, 

however, it is difficult to define a uniform profile of the profession of carpentry 

today. These differences in the individual job descriptions can also be traced back 

to the historical roots of the profession in the various regions. 

If we look at the development of carpentry in America, the relatively late 

settlement of the continent by European colonial empires must be taken into 

account. The related events and injustices between indigenous American people 

and European settlers are a great humanitarian tragedy. However, if the focus is 

placed on the craftsmanship of carpenters alongside these events, after some 

initial log buildings the balloon frame and the platform frame can be seen as the 

primary construction typology used in America. These two construction methods 

therefore proved to be suitable solutions for the great demand for housing from 

around 1850 onwards. The possibilities of steam-driven machines as well as the 

potential of rational and industrially produced steel nails substantially drove the 

success of these construction methods. Simple and quick in their implementation, 

the skills required for these methods also developed with the craftsmen, who were 

then able to cope with the large volumes of orders with a relatively 

straightforward repertoire of carpenter’s solutions. One interesting point is that 

in the 1930s, this construction principle returned to Europe, where it became 

more established as post and beam construction or the now widespread timber 

frame construction. In contrast to the American version, however, in Europe the 

quality standards with regard to precision, prefabrication, load-bearing capacity, 

etc. were further developed to a higher quality (Kolb, 2010, pp. 60–65). 
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While the craft of carpentry has a relatively short history in America, a far-

reaching tradition can be found in Japan. Known for its extraordinarily elaborate 

and fine solutions, Japanese timber construction stands globally as an absolute 

top-level achievement in the craft of carpentry. The Japanese temple Hōryū-ji in 

the city of Ikaruga can be seen as proof of this incredible precision and 

craftsmanship. Today, it is the oldest wooden building in Japan and was erected 

as long as 1300 years ago. (Kumano, 2022, p. 268). The position in society of the 

carpenters working at that time is hardly comprehensible with our modern 

understanding of the carpenter’s craft. For example, at that time the traditional 

craft techniques and the corresponding expertise were passed on by priests as 

being the most skilled carpenters (Graubner & Grunder, 2016, p. 40). In strictly 

organised and vertically structured hierarchies, which also had a further 

horizontal subdivision, countless sub-groupings and skills were trained in the 

craftsmanship of carpenters (Zwerger & Olgiati, 2012, p. 59). Following the 

argumentation of Seike (1990, p. 11), Japanese carpentry can be described as the 

most highly developed craft in timber construction and timber jointing details. 

Traditionally deeply rooted craftsmen can still be found in Japan today, working 

on a few selected, and often pricy buildings. However, it must be said that besides 

this culturally admirable tradition, a more contemporary type of timber 

construction has also developed. The small building sites, narrow access roads 

and the need for a fast construction time on site have led to impressive 

developments, especially in terms of prefabrication. In Japan, single-family 

houses are often prefabricated from steel-frame elements and can be erected 

within a few hours. (Bock, 2015). Besides these steel construction kits, the 

emergence of buildings made of wood, such as the Muji House or the ‘Shawood’-

product line that was developed as a separate product family by Sekisui House 

AG, could be observed over the past few years. (Wada, 2022). These highly 

specialized and very large-scale house-building factories, however, are only 

partially comparable to European carpentry. Knot details and technical solutions 

are manufactured efficiently and rationally, and the employees’ tasks require only 

little knowledge of construction and wood as a building material. The production 

is more like a prefabricated house factory in timber construction than a carpentry 

company in Europe. 
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In addition to this highly standardised house production, however, there are also 

other, small-structured carpentry businesses. For example, the ‘Onjuku Beach 

House’ designed by BAKOKO Architects was built by a carpentry workshop 

with only two workers. The fact that almost all the wooden joints were realised 

as solid wooden knots makes it impressive from a craft-driven perspective. 

Formally, the joints can be seen as a modern interpretation of traditional 

Japanese wooden knots. However, the individual knots were not made by hand, 

but by a specialised joinery centre. The wooden parts were manufactured using 

the so-called ‘Precut technology’ system, which is processed on CNC robots and 

then delivered directly to the construction site. The carpenters’ task is then to 

assemble the parts into a single structure. A few single, custom-fit pieces were 

measured and matched on site by the carpenters. The logic of the wooden knots 

used here correspond to the traditional Japanese wooden joints, but had to be 

adapted to the technological conditions of modern CNC milling machinery. The 

tenons and knots are therefore manufactured as a round solution instead of the 

angular ones that were once common (Golden, 2017, pp. 63–68).  

In the contemporary craft of carpenters, however, a somewhat similar, 

technology-driven adaptation of traditional construction principles can also be 

found in Switzerland. For example, the ‘Leis’ house built by Peter Zumthor was 

‘knitted’ from wooden beams. 

 
Figure 2. Individual beams of the ‘Onjuku Beach House’; Well visible: the machine-made 
joints (csxlab, 2012) 
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In this building, the architect, known for his minimalist philosophy, adapted the 

logic of a knitted building to a new, modern construction. Similar to the ‘Onjuku 

Beach House’, the beams were manufactured on a CNC joinery machine. In this 

case, the dimensions of the rooms depend on the maximum lengths of the tree 

trunks, because the wall can only be as long as a tree trunk (Zumthor, 2006, 

p. 10). Glued or butt-jointed beams would not have been an option for the 

architect. For the carpenters, this combination of traditional construction 

techniques and modern design language meant a particular challenge, as all the 

construction parts had been left visible. Together with the craftsmen, details 

were developed that gave the natural changes of wood as a building material 

sufficient space. For this reason, it is only natural that a knitted house will slowly 

but steadily settle by several centimetres over the following years (Zumthor, 

2006, p. 11). 

 

 
Figure 3. Carpenters ‘knitting’ the ‘Leis’ house; photo c by Walter Mair Photography 
(Maier, 2009) 
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From a global perspective, incredible diversity and variety can be found in the 

profession of carpentry. For the purposes of this research, the focus has been on 

German-speaking countries in Central Europe. This scope was chosen as there is 

a certain geographical, historical and cultural overlap in the understanding of 

the profession of carpentry in these countries. Although even within this 

geographical zone there is no unified definition of what the profession and 

training of carpenters must include (Zwerger & Olgiati, 2012, p. 57), at least 

country-specific regulations and assessments outline a picture of these experts in 

wood construction. 

In Germany, Austria and Switzerland, the education of this profession begins 

with a 3-4 year dual training programme. The trainees learn the basics in 

workshops as well as at a vocational school. Later, they will be able to take a 

final exam to become an apprentice or, later on, a master craftsman. 

(Wirtschaftskammer Österreich, 2022). The core activity of carpenters involves 

all work related to wood as a building material. Besides the skill to manufacture 

roof trusses, wooden houses and particularly complex constructions such as 

bridges or observation towers, these craftsmen are also experts in the production 

of complicated formwork for concrete construction (Lohmann, 2010, p. 1398). 

According to the definition of the Austrian Economic Chamber, the craftsmen 

mainly work with wood and wooden materials as a building material. Depending 

on the project, however, other materials such as mineral insulation, plasterboard 

or even plastic panels may also be used in the building process. A wide spectrum 

of building materials is used, and an equally wide spectrum can be observed in 

the configuration of the projects. While some craftsmen may specialise in certain 

parts of a building, such as wall panelling, terrace flooring or roof trusses, others 

act as general contractors and offer customers turnkey houses at a fixed price. 

The profession therefore has impressive scope at both the material and service 

levels. Looking at the tools used by carpenters, an interesting differentiation is 

made in a listing by the Austrian Economic Chamber. The chamber differentiates 

among electrical tools on the basis of three levels, which are manual, semi-

automatic and fully automatic machines. If the list is interpreted precisely, then 

the boundaries between circular saw, band saw, planing machine, but also joinery 
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machine and CNC-controlled joinery line must always be differentiated in each 

individual case. (Wirtschaftskammer Österreich, 2019, p. 2). 

While a somewhat imprecise three-way division is pursued in Austria, starting 

from the tool, the situation in Switzerland is narrowed down to only two basic 

categories. If one looks at the current training plan for carpenters of the State 

Secretariat for Education, Research and Innovation of the Swiss Confederation, 

the field of activities of the craftsmen describes the process of joining wood in 

two ways: There is a distinction between ‘2.1 Joining wood construction 

mechanically (CNC)’ and ‘2.2 Joining wood construction conventionally’; (in 

German: ‘2.1 Holzkonstruktion maschinell Abbinden (CNC)’ sowie ‘2.2 

Holzkonstruktion konventionell abbinden’) (Staatssekretariat für Bildung, 

Forschung und Innovation, 2013, p. 4). The following figure 4 shows a section of 

the abovementioned document: 

 
Figure 4. In the education plan for vocational training as a carpenter in Switzerland, a 
distinction into two categories is made between ‘mechanical’ and ‘conventional’ joining 
techniques (Staatssekretariat für Bildung, Forschung und Innovation, 2013, p. 4) 

 

In the written explanations of this illustration, it is added that the young 

craftsmen must independently mark out the timbers on the basis of a CAD plan 

in ‘[...] conventional joinery’. For the actual processing of the elements, ‘[...] 

suitable joinery machines (e.g. large, stationary joinery machines)[...]’ or also ‘[...] 

portable and stationary joinery machines [...]’ are to be used (in German: ‘[…] 
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geeignete Abbundmaschinen (z.B. grosse, stationäre Abbundmaschinen)[…]’  and 

‚[…] tragbare und stationäre Abbundmaschinen […]’.) (Staatssekretariat für 

Bildung, Forschung und Innovation, 2013, p. 18). 

It is interesting to note that timber constructions that are ‘mechanically joined’ 

are generally to be processed on a CNC machine. On the other hand, portable or 

stationary joinery machines can be used for ‘conventionally’ joined timber 

elements. Following this distinction, machine joinery is only performed when a 

CNC joinery machine is used. Work with a stationary joinery machine, which is 

operated without the computing capacity of a computer, is therefore not 

‘machine-made’, which leads to a certain confusion around the word ‘machine’ 

or ‘machine-made’. While both cases make use of large and stationary machines, 

a clear differentiation is made between the two modes of operation, ‘mechanised’ 

and ‘conventional’. The exact translation of the Swiss definition is only possible 

to a limited extent, since even in its original language, German, the meaning and 

distinction is not entirely logical. 

In addition to this Austrian and Swiss approach to the question of how the lines 

between craftsmen and joinery robots are defined, a different approach can be 

observed in Germany. In German legislation, no distinction is made between 

manual and mechanical production or between traditional and modern 

approaches. In the current Regulation on Vocational Training in the 

Construction Industry (Verordnung über die Berufsausbildung in der 

Bauwirtschaft), under the focus ‘carpentry’, it is only mentioned that the young 

craftsmen must be able to complete a joinery process. The tools and equipment 

required for this should be selected autonomously by the craftspeople. 

(Bundesministerium der Justiz, 1999). Even if the German version cannot 

contribute to a deeper clarification of the situation, it elegantly avoids the conflict 

by pointing out that the craftsmen should act upon their own judgement and use 

the appropriate tools. 

Although carpenters and joinery robots do their work in all three countries, it is 

interesting to see that these definitions sometimes express a diverse 

understanding of the interaction between craftsmen and joinery robots. These 

different understandings of the country-specific definitions can also be observed 

on a smaller scale. Within the framework of this research work, it has been shown 
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repeatedly that the craftsmen’s individual perceptions of their own profession are 

also highly heterogeneous. For example, some carpenters only defined working 

with hand tools (e.g. axe and chisel) as real craft, while others also included 

electric circular saws and cordless screwdrivers in their understanding. Depending 

on which carpenters and workshops were contacted, they also described working 

with a joinery robot as an activity that involves craftsmanship. 

 

In contrast, my own definition of the craft of carpentry is quite short. The 

absolute and central competence of these craftsmen in my view is an internalised 

expertise in the development and production of wooden structures. The required 

skills involve both the planning and the manufacturing process of a building. It 

does not matter whether they work with a chisel, a chain saw or a CNC joinery 

robot. What is central, is the ability of the craftsperson to know exactly what is 

happening and why at any point in the process. 

This knowledge also implies that in the case of a tool’s technical failure, the 

working process can be shifted and continued using another technological 

solution. If a chisel breaks off, work can continue with a router or, under certain 

circumstances, even a chainsaw. If the control of the CNC joinery system fails, 

the beam can also be finished with a cordless drill or a router. Of course, these 

moments of change always mean a re-evaluation of the goal to be achieved. The 

focus, however, remains on the fact that the process can continue. From this 

point of view, carpenters have to retain an overview at all times in the production 

process. They may need to be able to intervene actively, to develop and 

implement an appropriate solution on the fly. The tools used in the process are 

therefore merely extensions of the mental capabilities of these timber 

construction experts. 

 

1.2.5 The joinery robot; Established parts in a new combination 

A very detailed and complete illustration of the development of work and tools 

in the craft of carpentry can be found in the PhD ‘Ein architektonisches 

Periodisierungsmodell anhand fertigungstechnischer Kriterien, dargestellt am 
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Beispiel des Holzbaus’ by Schindler (2009, p. 194). Using a wide variety of 

examples, he illustrates how the craft of carpenters has developed in waves 

according to the tools used. His thesis begins with the very first woodworking 

tools, such as a simple axe made from a flint and a wooden stick, and ends in 

the modern day with the most advanced CNC joinery equipment. 

Thus, Schindler argues that the logic of the wood saw, i.e. the removal of wood 

chips in a straight-line working direction, has evolved again and again over the 

past centuries. Following his line of argument, this logic still finds its daily 

application today in the form of circular saws and milling heads. In this context 

he mentions that the solutions used today were not invented in a single day as a 

brilliant flash of genius, but must be understood instead as a technological 

evolutionary process. Schindler’s work supports the approach that technologies 

overlap in their developments and new solutions emerge as a combination of 

things that already exist (Schindler, 2009, p. 223).  

While Schindler argues this conclusion in his work primarily on the basis of a 

historically far-reaching chronology of the carpentry craft, similar developments 

can also be observed in other more contemporary phenomena. For example Flath 

et al. (2017), show that the design evolution process on a relatively fast-moving 

internet platform such as ‘Thingiverse’ also frequently builds on already pre-

existing solutions. On the platform ‘Thingiverse’, users can download digital 

models for 3D printers, modify them, print them and, if they wish, upload them 

again. An interesting feature of the website is that it is able to illustrate the 

evolutionary progression of a design. If a design, a 3D file is based on a previous 

solution, the history of the development can be traced back, in a similar way to 

a family tree. Under the concept of ‘remixing’, Flath et al. (2017) explain what 

role pre-existing models play in such a process and what common forms of 

recombination can be observed. For the authors, ‘remixing’ means that already 

existing things are brought together in a new combination so that something new 

emerges. 

A similar evolution can be observed using the example of the saw. Basically, the 

working principle of this tool has not changed significantly over the centuries. 

Over the centuries, however, countless small evolutionary steps have led to a 

wide variety of applications and areas of use. What once began as a simple, 
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straight steel strip now has countless applications in band saws, circular saws, 

gang saws etc. Seemingly new solutions, thus, usually arise from the 

recombination of existing things. Previously established and sometimes outdated 

solutions are not necessarily wiped out in the process, however. They generally 

slowly fall behind in their significance, which leads to a corresponding reduction 

in use in the long term. As a final consequence, such solutions are retired as time 

goes by (Schindler, 2009, p. 223). 

Such a combination of existing technologies, which was new at the time, can be 

seen as the starting point for joinery robots. Joinery machines or joinery robots 

equipped with a corresponding computer control system are large stationary 

machines that are produced especially for carpentry workshops. These combined 

machines cut, mill, drill and mark the timber for the craftsmen. These work steps 

are referred to as ‘timber joining’, or in German ‘Holz abbinden’ (Lohmann, 2010, 

pp. 2–3). Starting in about 1950, several woodworking aggregates were combined 

to form a combination circular saw and milling machine. With the availability 

of newly developed electric motors, control units, saw blades and milling heads, 

a level of performance was achieved that made this combination possible in a 

compact way. These stationary machines, which were still quite large, already 

made it possible to process a considerable amount of timber in timber house 

serial production. Compared to today’s joinery machines, however, the flexibility 

of this form of wood processing was still severely limited, as the individual 

aggregates had to be adjusted and set individually in a partially manual 

operation (Schindler, 2009, p. 194). 

In general, there are several manufacturers of such special machines on the 

market. The manufacturer and the available machine are selected according to 

the craftsmen’s individual preference and financial possibilities. In the context of 

this thesis, the focus was put on the machines of Hans Hundegger AG, as they 

claim to have the greatest penetration of the worldwide market. In discussions 

with the craftsmen, the products of this company were described as cost-benefit 

efficient and as providing good long-term service. At the end of the 1970s, Hans 

Hundegger began to modernise his parents’ sawmill business and began to build 

his own machines for this purpose (Hans Hundegger AG, 2022). 
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Figure 5. Drawing of a joinery machine, Hundegger P8, which is offered for sale online for 
20,000€ after approx. 27 years of service (Gaitzsch, 2022). 

 

Subsequently, among other things, he and his team developed the first joining 

machine that was made in a comparatively large quantity. By 1992, the so-called 

‘P8’ joinery machine had already been produced and sold 150 times (Schindler, 

2009, p. 194). While the first joinery machines of the 1950s still required manual 

adjustment of the individual aggregates, Hundegger machines made increasing 

use of digital technology in the form of monitors, servomotors and, later on, 

computers and even fully integrated digital interfaces. 

According to Hundegger, the company has now become the global market leader 

with its CNC-controlled joinery machines. By 2017, approx. 2750 joinery 

machines had been manufactured and delivered worldwide. (Hans Hundegger 

AG, 2022). 

If we look at the development of joinery machines, which has already been going 

on for more than 30 years, we can also observe a corresponding process of 

technological change. The first joinery machines were a line-up of woodworking 

aggregates (up to 12), which could be operated from a central control panel. One 

disadvantage was that only one of the 12 units usually worked on the workpiece, 

while the others either repositioned themselves or were in a resting position. 
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Figure 6. One of the first ‘digitally’ controlled joinery machines. Clearly visible: The monitor 
and the control panel for operation (Hans Hundegger AG, 2022). 

 

Due to this line-up of several units, the required space was relatively large. 

Today’s systems generally have fewer aggregates, which can produce much more 

complex components thanks to automatic tool changers and extended movement 

options. 

Although the spatial dimensions of the joinery robots have not become smaller, 

the variety of possible solutions and the maximum processable diameters have 

increased significantly (Lohmann, 2010, p. 3). Compared to the first joinery 

robots, over the years the size and amount of processed timber have also 

increased rather than decreased. While the first joinery robots usually worked on 

simple beams and poles, today’s machines are able to work on large glulam 

products as well. In general, joinery robots are customised in their exact 

configuration to the needs of a craftsman’s workshop. Although the starting point 

for a new order is a standard series product, when it comes to investment sums 

of several hundred thousand euros and correspondingly complex production, a 

precise and customised solution is needed for the woodworking business. For 

example, material intake and discharge, maximum piece length or waste piece 

disposal are adapted to the local conditions and needs of a carpentry workshop. 
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Figure 7. On this very large joinery machine, a chain conveyor transports the timber to the 
machine. 

 

After delivery, the machines are assembled directly in the joinery hall of a 

carpentry shop from multiple prefabricated parts. In most workshops, these 

machines then serve as a new, more centrally located woodworking centre for the 

carpentry shop. 

A Hundegger joinery machine usually works with a pre-mounted roller table, 

over which the unprocessed timber is pulled into the machine by a horizontally 

movable clamping gripper. The logs or beams are thereby fed in one by one, 

processed and discharged as a finished component. 

Once a joinery robot has pulled in the first piece of wood, the subsequent 

processing steps are carried out fully automatically and without human 

intervention. A spacious hood with the appropriate extraction system ensures a 

clean workplace and the necessary overview around the machine. 
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Figure 8. The joinery robot’s milling machines are located under the yellow housing. 
Material is fed in from the left and then expelled on the right. 

 

In order to provide the carpenter and/or the machinist at the joinery robot with 

an overview even during a running machining process, further devices are 

provided. For example, the ongoing processing step can be followed digitally on 

an additional monitor as well as the transparent window on the joinery robot. 

After the machine has processed a wooden beam, the component is marked by 

an inkjet printer or an automatic labelling machine. Now the processed and 

labelled wood can be removed from the roller table and stored aside for further 

assembly. Well-organised storage of the individual parts, which can sometimes 

look very similar, is essential for the ongoing work process. 
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Figure 9. The large circular saw of the joinery robot. At the bottom, a drilling tool can be 
seen, while on the right, a tool magazine is located, where other milling and working tools 
are stored. 

 

In daily work, joinery machines are designed for beam-shaped raw materials such 

as straight wooden planks or glulam beams and by default they can process 

lengths of up to 10m. While the first joinery machines were operated directly 

from a control panel, today’s joinery robots work with prepared, digitally 

processed data sets. The timber demand lists and the corresponding processing 

steps are sent digitally from the CAD workstation in the company’s office to the 

joinery robot located in the workshop. Afterwards, the person at the control 
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panel has to feed in the correct timber profiles for processing and, once the 

processing has been completed by the machine, unload the finished components. 

The individual processing steps, such as angular cutting, drilling, rebating, etc., 

are performed fully automatically by the joinery robot (Verband HIGH-TECH-

ABBUND im Zimmererhandwerk e.V.). The machinists I have met (in this case 

they were always male workers) are trained as carpenters and were then 

instructed as machinists in a corresponding training course on joinery robots. 

They therefore have a comprehensive knowledge of timber as a building material 

and at the same time the manual skills of a carpenter. 

 

 
Figure 10. Trained as a carpenter, now in charge of the machine. The craftsman cuts the 
tags with scissors and then attaches them to the element. 
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Joinery robots or CNC-controlled joinery machines are fully automatic in their 

operation and designed for an accordingly optimised and rational process, which 

in the words of the ‘Holzlexikon’ could even be described as ‘manless production’ 

(Lohmann, 2010, p. 3). However, as the numerous conversations with the 

craftspeople revealed, the responsibility of the people who are present at the 

machine is a vital part of  the manufacturing process. The craftsmen mentioned, 

for example, that the presence of a trained person during the running work 

process makes sense for (not only) safety reasons. Under certain circumstances, 

untypical noises or smells can occur while the machine is in operation, which 

would alert a person and prompt an immediate intervention. For example, due 

to the natural characteristics of wood as a building material, chips or even entire 

slats can sometimes break off during processing and possibly disrupt the 

operation. 

As explained by the carpenters, skilled craftsmen with conventional electric 

machines are comparable to the joinery robot in terms of both speed and 

precision for simple constructions such as a rafter roof. However, as soon as more 

complex shapes and geometries are required, for instance a hipped roof, a hip 

rafter or a dovetail joint, the machine is faster than the craftsmen. The time and 

effort required to mark complex pieces, turn them and process them using hand-

operated machines is too great. As described at the beginning, these robots 

designed specifically for the craft of carpenters have already been in use for 

several decades. However, the chunky safety hood and the relatively discrete 

operation of the machines give this technological change a very unspectacular 

look. At the same time, entire buildings can already be sent in digital form from 

the CAD workstation directly to the joinery robot. The analogue steps in 

between, such as keeping a wood-joinery list or selecting the necessary machines 

for processing, are substituted for by this digital solution. The craft of carpentry, 

therefore, has already been in a deep, digital transformation process for longer 

than one might assume at first glance. 
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1.2.6 Reflecting on a somewhat misguided image of the future: 

If one browses through online magazines or other channels of the timber 

construction industry, it will quickly become obvious that the topic of digital 

change is given a high priority. In this context, attempts are being made to 

provide readers with information on developments currently taking place around 

digitalisation, Industry 4.0 and sometimes also BIM. To give an example, the 

online presence of the ‘Holzmagazin; Die Plattform für den modernen holzbau’ 

(Wood Magazine; The Platform for Modern Wood Construction) is considered 

in the context of this work. Designed as a printed magazine for architects, 

craftsmen and planners in timber construction, this magazine is published 8 times 

a year with a print edition of around 14,000 copies. In addition to this print 

edition, articles are also published online on the holzmagazin.com website. 

According to the editors, this site receives more than 22,000 hits per month. For 

some time now, the holzmagazin.com website has also dedicated a separate 

special section to the topic of ‘digital timber construction’, ‘Digitaler Holzbau’ in 

German (holzmagazin.com, 2021). Here, the headline already seeks to make a 

clear statement, as it claims that in digital timber construction, the future has 

already begun. 
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Figure 11. The topic of the ‘digital’ in timber construction can be discovered in numerous 
channels. To some extent, the way in which the individual themes are addressed and 
discussed is very diverse (holzmagazin.com, 2021). 

 

While this announcement still allows for the possibility of a positive vision, the 

subheading already clarifies that there are actually no other options left but to 

embrace this digital transformation, as it says that ‘...those who do not want to 

embrace the digital age are already being left behind today’ (‘Wer sich nicht auf 

das digitale Zeitalter einlassen will, ist heute schon abgehängt’). Apparently, 

there are only two options for the people reading: One is to fully embrace the 

digital age, whatever this means; the certainty of soon being left behind is in the 

other prospect. The first paragraph under the title ‘Digital timber construction 

1: The future has begun’ (‘Digitaler Holzbau 1: Die Zukunft hat begonnen’), 

portrays a fossilised image of an old-established carpenter who no longer 

understands the world and mourns his work by hand, and sees it only as work 

done by computer. On the second page, the title ‘Digital timber construction 2: 

BIM is the future’ (‘Digitaler Holzbau 2: BIM ist die Zukunft’) offers an 

indication of how to escape this digital trap. An illustration shows how two robot 

arms assemble some panel material and build a prefabricated wooden element. 

No humans are visible in this visualisation. 
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Figure 12. The digital future of timber construction? Similar to an automobile plant, robots 
put together parts of a building (holzmagazin.com, 2021). 

 

Below the illustration, it is said that the digital twin remembers everything and 

is thus considered more efficient than humans. 

Another, at least as interesting comment from the series can be observed on the 

third page under the heading ‘Digital timber construction 3: The robot in the 

workshop is a strong buddy’ (‘Digitaler Holzbau 3: Der Roboter in der Halle ist 

ein starker Kumpel’) 
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Figure 13. Robots as a metaphor for innovation and progress; image taken from the online 
article of holzmagazin.com (2021) 

 

In this picture, you can see four robotic arms that are placing polygonal wooden 

panels next to each other. Tidy, white painted and in a somewhat sterile setting, 

the robotic arms are working in a well-lit, transparent space. While the title 

speaks of ‘the robot’ in ‘a workshop’, which in the larger context of the article 

probably refers to the joinery hall of a carpentry shop, the photo shows the four 

robotic arms operating in the workshops of ETH Zurich. The picture thus shows 

an experimental set-up of the kind that can only be observed in an academic 

research institution. In this context, it is worth mentioning that this institution 

is specifically focused on robotic manufacturing and therefore can only have 

limited intersections with a carpenter’s workshop at all. 

However, the use of robotic arms shown here and the headline chosen for it 

suggest to the reader that such robotic arms may already be part of the daily 

work of carpenters, especially as there is also a reference to a ‘strong buddy’. 
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Thus, the article conveys only a partially correct picture of current technological 

developments in a carpentry workshop. It paints a picture that stands for 

progress, technology and, in a broader sense, also for ‘digitalisation’. 

This stereotypically developed representation uses a story that has been shaped 

partially by the automotive industry. Aitchison (2017) shows in his work ‘A 

House Is Not a Car (Yet)’ that the construction industry and the automotive 

industry have fundamentally different approaches and that they cannot copy 

each other so easily. For example, he states the sheer difference in size between 

a car and a house as a significant difference. According to him, a building should 

be compared instead to the cost of a lorry, some earthmoving machinery or even 

an aeroplane. Another significant difference Aitchison describes is the 

geographical dependence of a building. While a car may only drive on paved 

roads (around the world, in hot or cold climates, but in almost all cases on 

asphalt, gravel or sand), the global variations of the building site can result in 

unforeseen extra costs. While one building might require almost no ground 

preparation, the structurally same building in very close proximity might require 

several times that amount of foundation work. Besides these geographical 

uncertainties, there are other cultural, social, political aspects that influence a 

building’s design- and manufacturing process. In contrast, a car is never designed 

or planned in relation to its surroundings. For its entire life, it is intended to 

function as a mobile and moving unit without any geographical dependencies. 

(Aitchison, 2017, p. 14). 

As the previously mentioned example of the website holzmagazin.com illustrated, 

there are different and maybe also distorted perceptions of how technology is 

used in the craft of carpentry. When you enter the workshop of a modern 

carpentry company, you probably won’t discover a robot arm. So, the question 

arises as to why the timber construction companies do not make use of this 

technological solution. The often-used image of this flexible and speedy robot 

arm would significantly improve the success of a craft such as carpentry. 

However, in the everyday life of the craftsmen, it may be that a carpentry 

workshop is already more technologically advanced than it appears at first 

glance. This point is important, insofar as there may not be a white or orange 

painted robot arm at all, but the complexity of the building components, the 
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processing speed and the precision in the production are already at approximately 

the same level. The robots used in carpentry companies therefore have a different 

visual appearance to what we know from the automotive industry or illustrations 

dealing with Industry 4.0. 

Nevertheless, it can be said that robots already found their way into the 

workshops of carpenters 20-30 years ago. As described in Section 1.2.4 In 

translation; How do carpenters work today?, these machines have gradually 

conquered a place in joinery workshops in an evolutionary process. However, this 

process has been much less spectacular and ‘disruptive’ than the media might 

portray. This means that robots, i.e. electrically controlled and partly 

autonomously acting machines, are already making their contribution in the 

carpentry profession, but they might not necessarily have the same appearance 

as in the automotive industry. Interestingly, in articles on technological change 

in the construction industry, a comparison with the automotive industry is often 

attempted. The automotive industry represents an ideal to be achieved in terms 

of cost efficiency, automation and quality standards with regard to 

manufacturing. However, as shown by Aitchison (2017), there are fundamental 

differences between the real estate and automotive industries. According to him, 

the frequently made comparison between the two industries may be used only to 

a limited extent as a learning model. The orange or yellow robot arms used in 

the automotive industry have a strong symbolic association with technology and 

progress, as they seem to be able to do the job quickly, accurately and flexibly. 

Nevertheless, the technical circumstances of a production line such as the one 

used by car manufacturers can hardly be compared to the requirements of a 

carpentry workshop. Joinery robots that are already in use in the timber 

construction industry perform their work in a far less remarkable way. Hidden 

under a protective hood, they might work more slowly, but are for sure as 

powerful and reliable as the countless robots of the car industry. So, from an 

automation perspective, carpenters already possess solutions that transfer 

significant parts of their previously manual work to robots. However, the 

appearance of these solutions does not necessarily match the media-effective 

images from the automotive industry or from university research institutions that 

one might be expecting. However, under the aspect of ‘digitalisation’ in the craft 
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of carpenters, it can be said that robots have already been performing substantial 

parts of the manual work once done by a carpenter for several years now. 

 

1.2.7 Is the profession of carpentry more fragmented today than it was in 

the past? 

From the current perspective, it is not easy to answer this question. One thing 

that can be stated quite clearly is that today, many different skills and profiles 

are required in a carpentry workshop. For example, there are trained carpenters 

and technicians who draw CAD plans, others who operate a joinery robot, others 

who manufacture and produce the wooden elements, and still some others who 

finally erect the building on the construction site. In addition to these tasks, 

there is a need for people who are familiar with wages and taxes, but also with 

personnel management and insurance issues in relation to modern timber 

construction. Furthermore, due to today’s technological developments in 

prefabrication, it is crucial that building materials are scheduled on time and 

that transportation activities are organised in advance. Depending on the size of 

a company, all these tasks have to be covered by 2 or 3 people in a small 

workshop, or each of these activities is assigned to a single person in a big 

workshop. While in a small workshop almost all the people are involved in the 

various tasks, in a large workshop very different profiles might be necessary. In 

addition to this diversity of employees in a company, there are also the buildings, 

which are constantly becoming more complex and demanding. While 60 years 

ago a detached family house built of brick could be built with one massive brick 

wall, in modern timber construction it is not uncommon to have 10 or more 

layers of different construction materials in an outer wall. Corresponding to these 

different layers, there are also various standards, working techniques and 

technologies that have to be followed. However, a straight comparison to the 

craft around 200 years ago is only of limited value in providing answers to the 

question of the complexity of the carpenter’s craft. In earlier times, it was still 

necessary to straighten the logs by hand or to be able to independently assess 

the quality of the wooden beams needed for construction. What from today’s 
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point of view seems like an exhausting and monotonous job, or what now is 

regulated by building standards and guidelines, required a considerable 

background of experience and knowledge. For example, one crucial question was 

which side of a round tree trunk would be on top or at the bottom in the later 

construction process, as this could directly affect the stability of the building. 

The craftsmen also had to be able to imagine what dimensions and lengths could 

be processed out of a log while it was still in its round shape (Opderbecke, 2013, 

p. 24). Only when the beams had been shaped with angular profiles could a 

corner connection with the next, neighbouring piece of wood be carved and then 

produced. To a certain extent, the craftsmen of the past therefore required many 

more imaginative skills than those required today with the help of CAD drawings 

and dimensionally precise profiles. The same could be said for the subsequent 

manufacturing process of a building. For instance, hip rafters had to be correctly 

calculated and marked out. In the event of a mistake, the lost timber beam would 

have been a far more devastating loss compared to today’s working practice. 

Besides these skills required in manual work, the profession of the carpenter has 

also been divided up in different ways depending on the various cultures. In 

Japanese timber construction, when working on sophisticated buildings such as 

temples, it used to be common to assign up to 6 or even more hierarchical levels 

of carpenters (Zwerger & Olgiati, 2012, p. 59). The top level, usually covered by 

priests, therefore had different responsibilities to a craftsman who was only 

responsible for wall cladding or wooden columns (Graubner & Grunder, 2016, 

p. 40). It was probably also this extremely structured hierarchy that ultimately 

contributed to the impressive results of Japanese timber construction. Whether 

the profession of carpentry has become more fragmented over time, or whether 

the complexity required of it has increased, must be considered and discussed 

individually. It can be said that the craft of carpentry has always required a very 

extensive and broad knowledge of the people involved, regardless of whether the 

trees had to be straightened by hand or the vapor barrier had to be glued on 

correctly. 
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1.3 Is that still ‘craft’ at all? 

1.3.1 ‘Craft’ as a flexible concept illustrated by the example of the planing 

machine 

While the observations so far have illustrated mainly the technical development 

process and the resulting change in the profession of carpenters, the question of 

the role of the craftsmen in this process has still remained unexamined. In an 

exhibition conceived by Peter Zumthor in 2016, the architect showed the range 

and diversity of craftsmanship in our society. One part of the exhibition was 

entitled handmade, in German ‘Handgemacht’ and featured a video of an 

interview between Zumthor and a joiner. While the craftsman is pushing a piece 

of wood through a planing machine, Zumthor asks if what he is doing is actually 

still craftsmanship. The joiner confidently answered with a yes and explained 

that he was, after all, planing the wood. (This dialogue is also cited as the 

introduction to this paper in the first section; in German: Zumthor ‘Ist das 

eigentlich noch handwerklich, was du da machst?’  Der Tischler antwortete ‚Ja, 

ich hoble doch das Holz.’) (Zumthor, 2016, p. 80). As Zumthor mentions in the 

corresponding exhibition documentation, he intends to show ‘without any 

ideology at all’ what craftsmanship means in today’s world. But it has to be said 

that the question posed in the interview as to whether this is ‘still’ artisanal 

already implies a certain attitude towards what can be described as artisanal. In 

an undertone, he communicates that something else, another activity, must have 

been more ‘artisanal’ before than is now the case in the video document. His 

statement, which is actually formulated as a question, thus implements an 

attitude taken by Zumthor towards craft work. The work otherwise done by 

hand by the joiner seems to be reduced to only setting the machine, switching it 

on and then feeding a piece of wood through the machine. Parts of the actual 

work performed by the joiner, however, remain unconsidered, such as deliberating 

how the wood should best be fed into the machine or whether the board is 

suitable for the coming work process. While the carpenter in this dialogue only 

briefly explains that he is ‘just’ planing some wood, the brief verbalisation of the 

activity is accompanied by a much more extensive set of thoughts than it might 



 

 56

seem at first glance. This question-answer example forms an introduction to the 

far-reaching discussion about a change in manual work. The word ‘still’ in 

Zumthor’s question suggests a loss, a loss of what Zumthor personally might call 

craftsmanship. This example stands for the discussion of the ‘right’ or ‘real’ 

craftsmanship or, subsequently, how much ‘hand’ there must be in handicraft or 

craftmanship. But it also opens up the debate about the newly arranged 

relationship between craftsman and workpiece. 

Depending on the era and the stage of technological development at which one 

takes a look at production methods, one can always observe moments of 

insecurity on the part of craftspeople in relation to their own profession. What 

was the question in the dialogue between the carpenter and Zumthor about a 

hand-held plane in comparison to a planing machine can be observed equally at 

a previous stage of technological development. In 1942, for example, Herman 

Phleps already criticised a loss of manual skills due to the hand plane. While the 

wood previously had to be straightened with a drawknife, i.e. using a simple steel 

blade with two handles, a hand plane did the same job in less time and with 

more precision. In the view of Phleps (1989, p. 43), however, qualities of the 

natural material and skills of craftsmanship are lost through this efficiency-

enhancing step in the evolution of woodworking. The drawknife, for example, 

requires the craftsperson to realign the tool with each new pull. In each 

subsequent stroke, the natural differences of the raw material wood are noticeable 

to the person working. So, in the next pull, the characteristic of the material can 

be taken into account again, and the alignment of the drawknife can be adjusted. 

In contrast, according to his description, the work and the result with the hand 

plane is already predetermined. Compared to the draw knife, the hand plane does 

not allow any immediate changes during the work. The fixed clamped blade and 

the nature of this tool therefore add a level of abstraction to the process of 

straightening. Phleps summarizes: 

‚Je mehr man aber dem Werkzeug an selbstständiger Leistung aufbürdet und 

anvertraut, um so loser werden die Bindungen zwischen dem Handwerker und 

dem Werkstoff’ (Phleps, 1989, p. 43). 
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Figure 14. A rough plank can be straightened with a drawknife, a hand planer or an electric 
planer. The activity is always referred to as ‘wood planing’. In this sense, the tool used 
might not be important to mention. 

 

What Phleps had already expressed in 1942 as an unfortunate loss of bonding 

between the craftsman and the material is addressed again in the interview 

conducted by Peter Zumthor. The underlying and always constant goal, which 

is to straighten a piece of wood for further processing, has not changed at all. 

However, the tools used and the associated hand movements of the craftsmen 

have changed fundamentally over the years. While the blade of a drawknife is 

pulled across the board by muscle power in individual movements, the electrically 

driven blade shaft of a planer rotates with up to 8,000 revolutions per minute. 

For the joiner interviewed by Zumthor, however, the perception of his own 

profession remains fully intact at its core, since he is still planing a piece of wood, 

as he stated (Zumthor, 2016, p. 80). 



 

 58

1.3.2 The changing craft of joining wood 

While this excursion has been based on the work of a joiner planing a piece of 

wood, the question remains what changes can be observed in relation to joinery 

robots and carpenters. As explained in the previous section, joinery robots are 

stationary machines that can autonomously process wooden pieces. The profile 

of these machines is therefore specifically customised to automate activities that 

were previously performed manually by carpenters. From this perspective, the 

only remaining task for a carpenter is the digital planning of a building and the 

subsequent assembly and erection of the structure. So, through the use of a 

joinery robot, have carpenters lost an essential aspect of their craft? 

One possible answer to this question depends essentially on what is to be called 

the craft of carpenters. It therefore depends on whether we are talking about 

craft in the sense of manual work, i.e., the purely physical activity, or whether 

craft is understood as a subject-specific profession. 

If one considers only the carpenters’ manual work, i.e., work that is done with 

the hands, it can be said that the joinery robot has already taken over large parts 

of the profession. With the machine, activities that were previously carried out 

by hand, such as marking out the wood or then cutting it with the circular saw 

and adding the corresponding cerves or tenons, can be done by the machine 

without any problems. In most cases, the machine can perform these tasks even 

faster, more accurately and, in the case of complicated components, more 

reliably. If the profile of a carpenter is limited to this purely physically performed 

work, it can be said that a robot has already taken over numerous work steps 

here. However, if we look at the holistic process that is necessary to develop and 

erect a wooden structure, it can be said that the joinery robot is just one more 

technological step in the constantly changing profession of carpenters. In a similar 

transformation process, drawing tables for planning timber constructions were 

replaced one day by computers and plotting machines. At least in the carpentry 

shops I know, projects are now only designed and planned on computers in a 

digital way. So here, too, a change in working methods can be observed in the 

example of the creation of plans. However, the actual contents of the digitally 

created and machine-plotted plans have still been preserved and show important 
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information as general plans, installation plans or detailed drawings. Regardless 

of whether work is done in an analogue way or also digitally, it needs a project-

specific cognitive process. This means that the need for mental work remains the 

same: The person drawing needs experience in timber construction and 

knowledge of standards and construction guidelines, and in addition, they need 

an understanding of the subsequent assembly process. 

All these underlying conditions must be taken into account and brought together 

in the best possible way when drawing plans. 3D programmes and CAD tools 

can facilitate the drawing process, but the responsibility of the person doing the 

drawing remains. As was stated by an apprentice during an interview, the joinery 

robot is only as ‘smart’ as the person drawing at the CAD workstation. If the 

person at the CAD workstation is inexperienced or careless, the best joinery robot 

will not be able to compensate for this deficit. In this sense, the machine can be 

seen as a digital extension of the mental abilities of a CAD draughtsman or 

draughtswoman. Similar to the way a computer mouse contributes to the digital 

extension of human abilities at the computer, a joinery robot must also be 

understood to a certain extent as a digital extension of human abilities. The 

knowledge and active participation of all the people involved is therefore central 

to the success of these work processes. Many craftspeople (CAD draughtsmen, 

joinery robot technicians and also classic carpenters) pointed out the importance 

of a close and targeted exchange of information on a project. This begins with 

an initial project meeting in the office and continues with regular, short dialogues 

during the ongoing production process. 

 

1.3.3 The ability of combining knowledge and skills; 

If we focus on the process of joining wood, i.e., on the marking, cutting to length 

and fitting together of wooden beams in the carpenters’ craft, a transformation 

process can be observed based on the different methods of joining. Depending on 

what source one follows, three or four different types of joinery can be identified. 

According to Schneider (2022) and Loeffelholz (n. d.), traditional joinery, graphic 

joinery, mathematical joinery and computer-assisted joinery can be 
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differentiated. In discussion with the instructors of the carpentry department at 

the vocational school in Dornbirn, I was told that they only distinguish between 

traditional, graphic and drawn and computer-assisted joinery in their lessons. 

This information also corresponds with the three distinctions made by Batran et 

al. (2021, p. 69). Which method of joining will be used on a project depends on 

the technology available, the knowledge of the craftsmen, and an approach that 

is suitable to the project. The choice of the appropriate type of joining is mostly 

made by a skilled craftsman. As mentioned by Batran et al. (2021, p. 69), a ‘good 

carpenter’ can also be identified by this decision, as he or she can accomplish a 

project in the appropriate and therefore most straightforward way. The method 

finally used may even compensate for some human labour, but the intellectual 

effort contributed by the craftsman will not be replaceable in any of the three or 

four different ways of joining wood. 

In traditional joinery, the pieces of wood are laid on the floor piece by piece and 

cut to length (Lohmann, 2010, pp. 2–3). As already described in section  

1.2.2 Before this translation; How did carpenters work until now? this was the 

earliest method of joinery and, due to the limited technological possibilities at 

the time, the only choice. The inaccuracies of hand-hewn timber and the large 

number of different cross-sections involved meant that carpenters had to work 

directly, piece by piece, with the wooden beams that had to be joined (Gerner, 

2007, pp. 89–90). For traditional buildings such as a timber-framed house or a 

barn, the time and effort was acceptable in relation to this method of working. 

One major disadvantage of traditional timber joinery is the time-consuming work 

and the amount of space that is required (Krauth, 2003/2018, p. 62). 

In the case of drawn or geometric joinery, on the other hand, the timber 

construction is first drawn and then manufactured according to a scaled-down 

drawing of the design. After manufacturing, some parts are put together for a 

trial fitting, but a complete laying out of the construction as required in 

traditional timber framing is not necessary (Schneider, 2022). One big advantage 

of drawn or geometric joinery is that it allows a visual check at the same time. 

However, the possible accuracy is limited by the accuracy of the drawing. 

Mathematical joinery is generally based on the mathematical calculation of 

lengths and angles (Loeffelholz, n. d.). The accuracy of mathematical joinery 
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depends in general on the number of decimal digits used or the range of the angle 

functions that were applied. Ultimately, the capabilities of mathematical joinery 

are dependent on the mathematical skills of the calculating person. The more 

complex a building or a geometry becomes, the more complex the angle functions 

and calculations will be. However, it can be said that there is always a certain 

remaining risk, as an accidental calculation error can occur under certain 

circumstances. As indicated above, there are three or four different types of 

joinery mentioned in the sources. If one only mentions three methods of joinery, 

the methods of drawing and calculating in timber joining are combined in a 

hybrid form (Batran et al., 2021, p. 69). In the case of particularly large and 

complex structures such as clerical roof structures or bridges with a respective 

length, the various methods of traditional, mathematical and geometric timber 

joinery are used in combination (Schneider, 2022). 

With the emergence of the computer and CAD programmes, computer-assisted 

joinery finally became common practice in the craft of carpentry. With software 

specially designed for carpenters, such as CADworks or SEMA, a planned 

construction project is drawn in 2D or 3D. The possibilities of computer-assisted 

joinery combine the strengths of all the other joinery methods. In this way, the 

construction can be visually checked via the monitor as a 3D model or as a plan 

drawing. The preciseness of the drawing is mathematically guaranteed by the 

computer through constant calculations in the background and no longer has to 

be calculated and checked by the craftsmen themselves (Doelling, 2016). The 

building is drawn in true size, but as a digital model. Similar to traditional 

joinery, every corner can be checked in detail for its geometry. Although the 

beams that are used no longer need to lie on the floor in real size, their digital 

representation can be examined and processed to an equal extent and with the 

appropriate effort. Another significant advantage of computer-assisted joinery is 

the more or less unlimited project size. The digital drawing board can 

theoretically be extended without limit. The resulting data volumes require only 

a relatively small amount of memory and can be transferred to a USB stick or 

emailed without delays. In the subsequent manufacturing process, computer-

aided joinery in combination with a joinery robot offers further benefits in terms 

of efficiency. Thus, the data exchange between the CAD workstation and the 
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joinery robot is synchronised in the best possible way. Data from the digital 3D 

model is exported and can be processed directly on the joinery robot. The 

creation of hand-held trimming lists, the marking of the wood and the 

calculations of the steps for further processing of the components is handled by 

the software and subsequently by the trimming robot. In contrast to traditional, 

mathematical and geometric joinery, the advantage of the digital model in 

computer-assisted joinery is again significantly increased by the integration of a 

joinery robot (Batran et al., 2021, p. 69). 

If one compares the different methods of timber framing, it is evident that the 

manual contribution of the craftsmen has been reduced step by step. In 

traditional joinery, each piece of wood was laid out individually and marked in 

accordance with the neighboring piece, whereas in geometric or mathematical 

joinery, a large part of the former manual work was already done at the drafting 

table, on the pocket calculator or in one’ s head. The dimensions of the various 

beams required for the next steps were planned in advance by drawing or 

mathematically defined by using extrapolated distances. Not until this 

theoretical step has been completed does a beam, a piece of timber, enter the 

workflow as physical construction material. Thus, the process of joining wood 

has once again undergone a significantly stronger division into an advance 

planning phase and a subsequent manufacturing phase. This observed separation 

between the construction and planning process is further increased by an 

additional level of abstraction in the computer-aided joinery process. As 2D or 

3D models, the wooden beams will only be arranged digitally and later 

automatically cut and trimmed with the help of a joinery robot. In order to 

further increase efficiency, the joinery process was divided into different phases 

and slowly developed from working on the wooden beam directly to an advance 

planning process with a subsequent manufacturing process. Work steps that 

previously had to be done directly on each piece of wood shifted from the joinery 

yard or the carpentry workshop to an office environment. As a result, the 

historical image of the carpenter, once traditionally joining wood, has more or 

less disappeared from our region for quite some time now. Even without a joinery 

robot, blueprints are only drawn on a digital basis. In the same way, wood is 

now only processed just-in-time and more or less straight from the truck. 
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Interestingly, the word for ‘joining wood’, in German ‘Holz abbinden’ has always 

remained the same throughout all of these periods of change. Even though the 

activities, procedures and contents have changed fundamentally, a ‘joinery’ robot 

seems to be ‘just’ a robot joining wood, and decades ago a traditional wooden 

building was also constructed from joined wood. Work process elements have 

been changed, replaced or have completely disappeared, but nevertheless, the 

craftsmen interviewed in this research always clarified that they are still joining 

wood and that the process of joining is a core activity of their work. From a 

technological point of view, however, it can be said that when using the phrase 

of ‘joining wood’ today we are describing something completely different to what 

craft people did a hundred years ago. For the craftsmen, for the training manuals 

and for the overall craft process this subliminal but constant transformation of 

the activity seems to be of secondary importance. Likewise, the fact whether a 

company owns a joinery robot or not was not a determining factor in these 

dialogs. 

  

Figure 15. Carpenters in the joining process. Both the left and right images show carpenters 
in the joining process of wood. However, there is a gap of more than 400 years between the 
two images; right image: (Wilhelm, 1668). 
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It can therefore be said that the expression ‘joining wood’ has remained as a 

descriptor for the work of craftsmen, but the work steps and processes associated 

with this concept have undergone a radical transformation. In the same way, the 

range of the skills mastered by carpenters has also changed significantly in 

comparison to former times. Whereas in the past they had to hew logs themselves 

and arrange them in relation to each other on the ground, nowadays aspects such 

as vapour diffusion or heat transmission have become crucial issues for these 

craftsmen. If we compare these changes with the definitions of carpentry in 

Austria, Germany and Switzerland, the German version in particular carries an 

important message. Following the German definition, an integral part of the 

education of carpenters is the ability to select and use tools and small equipment 

by themselves (Bundesministerium der Justiz, 1999). 

It is therefore up to the individual craftsperson to choose the right tool for the 

corresponding task. This remark, which is somewhat open, does not make any 

decision with regard to the use of tools, whether these are a hammer, a circular 

saw or a joinery robot. Instead, it claims the necessity for situation-related 

competence to act from the craftsmen. In other words, it is up to the experience 

and judgement of the craftsmen to decide which technological solution to choose. 

As already summarised, the various forms of joining wood differ above all in 

terms of the hand movements required in the process. In the case of computer-

assisted timber joinery and under the implementation of a joinery robot, at the 

latest, a high degree of automation of work previously carried out by hand can 

be observed. For the profession of carpenters, this technological step means a 

partial reduction of manual activities. However, this relief on a physical level is 

not a necessarily a substitute for the specialist knowledge that is still required in 

the overall process of working with wood as a building material. The manner in 

which a project is handled, what work steps have to be taken and how, thereby 

remains as a key competence that cannot be covered by a joinery robot. For 

example, a craft workshop may own a joinery robot, but the specified task can 

be completed with plans simply drawn by hand and accomplished with portable 

power tools. This solution may be appropriate for a particularly simple 

construction or a renovation project. A simple hand-drawn sketch, the necessary 

measurements and the expertise of the craftsmen may be sufficient to be able to 
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complete a project quickly and correctly. In this case, the direct work on a 

building can be a significant advantage, as existing structures can be immediately 

captured and measured, and a solution can be added. The stationary nature of a 

joinery robot and the need to first construct components using a 3D scanner or 

manual measurements that later have to be digitised can be far more time-

consuming for such tasks. 

The question of how and with which tools a project is effectively executed 

remains a key competence of the craftspeople. Even if new technologies have 

removed some of the manual work, the relevance and necessity of the 

craftperson’s experience and knowledge remains central to the process. 

 

1.4 The craftsmen and their machinery 

As illustrated in the previous chapters, it can be said that the work of carpenters 

is in a constant but gradual process of transformation. While conducting this 

research, this transformation process revealed uncertainties among carpenters 

regarding their own profession and their future responsibilities. The question of 

‘the real craft’, of the actual profession of carpenters, was raised repeatedly, and 

the importance of a corresponding level of expertise was stressed. What resonated 

in numerous conversations, however, can also be observed in social media 

activities. For example, in a post by a carpenter’s workshop from the 

Bregenzerwald, it was explicitly pointed out that for the construction of an alp 

building, there was no involvement of CNC machines. According to their words, 

they consciously worked exclusively with hand-held electric machines. This work 

of course includes cordless drills, hand-held circular saws and chainsaws, as well 

as the use of a remote-controlled overhead crane in the workshop. By giving 

priority to the tools that are used, the focus should move back to the handicraft. 

In this short article, the aim is to create an image that is once again in line with 

a personally defined tradition of the carpenters’ craft. 
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Figure 16. Social media post of a carpentry company describing the intended decision not to 
use CNC machines in favour of so-called ‘real’ craftsmanship (Kaufmann, 2019). 

 

As also observed by Schindler (2009), for some craftspeople the new complexity 

of CNC joinery machines has resulted in the feeling that they are losing control 

over the production process. 

This question about one’s own role in the process and the uncertainty about new 

technologies in one’s profession is nothing new and has existed in our society for 

a long time. In the 17th century, the example of the loom showed how 

‘replaceable’ the work of craftspeople can be (Sennett & Bischoff, 2008, pp. 119–

122). In a similar way, in 1955, Popular Science magazine illustrated how robots 

might soon be making furniture. The owner of the machine, Joe Workshopper, 

sits in his armchair while three obviously amused machines read a punched tape 

card for him, interpret it and make a table leg from this information. The 

accompanying article introduces readers to the potential of punched tape cards 

and how they will simplify manufacturing processes and enable the exchange of 

data in the future (Howe, 1955, pp. 106–107). 
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Figure 17. Three seemingly friendly CNC machines get their information from punched tape 
technology; they make a table leg for Joe Workshopper (Howe, 1955, pp. 106–107) 

 

This positively connoted and amusingly illustrated way of automating manual 

tasks was taken up just a few years later by the German magazine ‘Der Spiegel’ 

in a very contrary illustration. On the cover of issue no. 14 from 1964, a worker 

with a spanner in his hand is kicked aside by an oversized robot. Similar to the 

previously described illustration from ‘Popular Science’, a humanoid-looking 

apparatus is controlled by a punch card system. Equipped with 6 robotic arms, 

the machine appears to perform many times the work of a small, single human. 

In contrast to the robots in ‘Joe Workshopper’, this oversized robot 

communicates a rather uncomfortable future with its frigid expression (Spiegel, 

1964). 
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Figure 18. Man replaces machine; The cover of the magazine ‘Der Spiegel’ shows how a 
robot knocks a human off his workplace (Spiegel, 1964). 

 

At almost regular intervals of about 25 and 50 years, ‘Der Spiegel’ published an 

issue with a similar focus under the heading of technological substitutions for 

human labour. Thus, in 1978, under the title ‘Fortschritt macht arbeitslos’ 

(Progress makes people unemployed) and in 2016, an issue under the title ‘Sie 

sind entlassen’ (You are fired), the discussion about the complex interaction 

between robots and humans was picked up and embedded in the current state of 

society. While this dichotomous debate can only answer the questions about 

humans and/or machines to a limited extent, an alternate way of looking at these 

complex relationships may offer a suitable perspective. 

The fact that this seemingly sharp division between humans and technology is 

not so simple in today’s world can be observed in the craft of carpentry. For 
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example, the interviewees in this research repeatedly tried to clearly distinguish 

‘manual work’ from ‘mechanised’ or even ‘robot-supported work’. The problem 

with such a distinction, however, is that the boundaries are always highly 

individual and therefore rather fluctuating. For example, depending on the 

individual person, only a hammer and chisel are considered as ‘manual work’, 

but sometimes this definition also includes a hand-held circular saw or a cordless 

drill. Hammer and chisel are tools that are still quite obviously driven by muscle 

power only. Hand-held circular saws and cordless drills, however, already get 

their power from the electric grid or a rechargeable battery pack and are therefore 

only ‘guided’ by the craftspeople. For some craftspeople, however, it was also 

‘manual work’ to have beams milled on a CNC joinery machine and then to join 

them together by hand. Following this discussion, even an axe and a chisel can 

be seen as an artificial, i.e., as a man-made extension of the craftsman’s physical 

capabilities. As described by Pallasmaa (2015) in the book, ‘The thinking hand’, 

when an experienced person picks up a tool, the separation between human and 

tool becomes impossible: 

 

‘The tool has grown to be part of the hand, it has transformed into an entirely 

new species of organs, a tool-hand.’ (Pallasmaa, 2015, pp. 47–48) 

 

1.4.1 Human or machine? Hybrid craft as a unity! 

The observations made within this thesis have shown how fluid the boundaries 

are between the manual craft and machine- or computer-assisted manufacturing. 

This rejection of a clear separation between man and machine is in line with 

Actor-Network Theory. This theory does not consider carpenters and machines 

as separate entities, but instead defines a profession like that of the carpenter as 

a dynamic and constantly rearranging network of things, actors, and the 

intermediate relationships between them, i.e. the networks (Belliger & Krieger, 

2006, p. 14). By doing so, the individual actors, such as a single carpenter, but 

also a joinery robot, a hand-held circular saw or even the company, are to be 

understood as nodes in this network. Depending on what phenomena are 
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observed and discussed, the considered network expands or shrinks in terms of 

actors. Likewise, the network will be expanded or reduced according to the 

question posed, thus realigning the relationships of all the nodes relevant to the 

observation. From this point of view, the craft or profession of carpenters is a 

constantly changing network of people, machines, and building materials, but 

also the company itself, the government and the interactions that happen among 

all these entities. 

 
Figure 19. One of countless possible illustrations of the actors involved that could help to 
define the profession of carpentry. 
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1.4.2 Expanding human capabilities 

As noted by Bruno Latour, one of the founders of Actor-Network Theory, a 

fundamental mistake in our unclear differentiation between humans and 

machines lies in an already existent lack of clarity in communication. For 

example, a newspaper may report that ‘a man was flying’ or ‘a woman was 

conquering space’. On closer examination, however, it is indisputable that a man 

cannot fly as such, but that it takes the interplay of a wide variety of factors and 

things, such as an aircraft, its engines, a ticket counter, an airline and also an 

airport  to lift a man into the air (Latour, 2006, 490). In order to describe in a 

more concrete way the understanding of these alternative explanations of the 

interaction between us as human beings and the objects that surround us, Latour 

uses a simple but very striking comparison. Based on the appearance of a human 

being together with a handgun, he illustrates the complex reciprocity between 

subject and object, or how the two parts mutually result in something new, 

something different. If one simply follows the argumentation of the gun industry, 

then a firearm in itself is not a risk to mankind. A person who basically has good 

intentions is no threat either with or without a weapon. This is the case, for 

example, with a sport gun user at the shooting range or an antiques collector. In 

contrast, a potentially dangerous person who may have the intention to commit 

murder represents a significant risk, both with and without a firearm. Whether 

the killing of a person is ultimately committed with a firearm or maybe a knife, 

it is, according to this first line of argumentation often used by the gun lobby, 

always initiated by a human being. However, this standpoint can be opposed to 

the fact that someone may only commit murder because of the firearm, which is 

understood as a technical extension of human capabilities. With a handgun, the 

act of killing is simply reduced to pulling the trigger of a pistol. Due to this 

mechanical and relatively simple activity, the ergonomic fit of a firearm, and the 

effortless automaticity of firing a projectile, people’s capacity to kill is expanded. 

A person who might have only wanted to threaten or seriously injure others is 

now empowered to kill. It is therefore possible for people to kill others who, for 

example due to their physical constitution, their mental readiness or even their 

emotional willpower, would not otherwise have been able to kill someone. The 
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sheer simplicity of a mechanically shot bullet and its consequences may be far 

more serious than it was originally intended. Thus, it requires a fundamentally 

deeper commitment to eliminate your opponent when using just a knife, a 

baseball bat or even your bare hands than with a gun (Latour, 2006, pp. 485–

490). For Latour, however, this rather simplified approach, a reduction of the 

situation to only two opposing standpoints, is not sufficient. He states that a 

person with a weapon in his or her hand is a fundamentally different, new entity 

to the person without a weapon just a short time before. This new entity, which 

Latour calls hybrid gun-human or also human-weapon, has a fundamentally 

different baseline to an insufficiently precise description as presented by the gun 

lobby. In the two positions described above, a human being is fundamentally 

good or fundamentally bad; however, he or she wants to kill someone through 

the technical extension of human abilities, achieving a previously unintended, 

new state. A person who is not dangerous in and of themselves, who wants to 

use a pistol, for example, as a form of intimidation, may commit murder if the 

circumstances are unfavourable. On the other hand, it is also possible that 

someone could get hold of a pistol through an unfortunate coincidence and only 

kill another person as a result of exaggerating his or her abilities through the use 

of a weapon. For Latour, at the moment of picking up a weapon, a process of 

change occurs, which creates a new unity out of the two actors, the weapon and 

the person. It is therefore ultimately and in view of that fact needless to ask 

whether it is the human being or the weapon that has committed a murder. The 

terrifying result of such an act is certainly a product of the joint capabilities of 

both entities involved (Latour, 2006, p. 488). If this understanding of the 

interaction between humans and weapons/machines is transferred to the debate 

on craftspeople and tools conducted in this research, it can be discussed on a 

historically independent level. The quote by Peter Zumthor at the beginning of 

this paper referring to a joiner who is planing a board on an electric planer now 

reveals a possible answer to the profession of a craftsman from a new perspective, 

as he still describes himself as planing a piece of wood. Latour’s understanding 

of the impossible separation of the capabilities of humans and machines 

respectively shows that neither the carpenter nor the electric planer could 

straighten a board by themselves. As described within the comparison of a human 
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and a gun, ultimately, we can see a newly created entity of a joiner-planer or a 

machine-joiner that acts on a piece of work with the combined forces of the two 

parts. Neither the planing machine nor the joiner alone would have been able to 

plane the board. It is this temporary accumulation of the capabilities of both 

components that creates something new. This symbiosis of human abilities and 

machine strengths can also be illustrated in the joint working process of 

carpenters and joinery robots. Nowadays, it would be difficult for carpenters to 

handle the sheer number of orders if they worked by hand only. Simultaneously, 

the parameters of the machine also create new conditions relating to how orders 

are handled and processed. Thus, it can be said that the profile of a carpentry 

workshop with a joinery robot will be different from that of a carpentry workshop 

without one. 

 

1.4.3 Approaching new technologies 

What results, ultimately, from this new hybrid craft potential of people and 

machines, and to what extent this new combination of existing technologies and 

skills changes or even replaces existing approaches, must be considered using a 

case-by-case approach. As described in the previous sections, it can be said that 

joinery robots in the craft of carpentry now have the technological readiness and 

usability for everyday applications in carpentry. The craft of carpentry is 

therefore in the middle of a further technological change process. According to 

Barley (2020), this technological change can be categorised on two different 

levels: the substitutional and the infrastructural. Substitutional changes are those 

that seem at first glance to be already very promising and rewarding. This could 

be an old, slow machine being replaced by a new, faster one, a ball-point pen 

taking the place of a graphite pencil, or MP3 files taking the role of CDs or vinyl 

records. In most cases, these changes are evaluated on the basis of parameters 

such as production costs or process time. Such a substitutional change, however, 

does not necessarily imply a fundamental change in the way people use things or 

perceive their environment, or how our society itself functions (Barley, 2020, 

p. 7). 
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In contrast, infrastructural change through technology is much more difficult to 

observe, even though the associated changes have much deeper consequences. 

Thus, according to Barley (2020, pp. 10–11), a transformation called 

infrastructural change means both a change in the basis of what people do in 

their work and a fundamental change in how they do it. In his book ‘Work and 

Technological Change’, Barley (2020) illustrates this technological change very 

clearly with the following example. The introduction of snowmobiles for a part 

of the ethnic group of the Sami, the Skolts, seemed at first glance to be only a 

substitutional change. This group of people lives in villages on the border between 

Norway, Finland and Russia, where they used to live as a large community by 

rearing and selling reindeer. With the emergence of new snowmobiles in the 

1970s, they were able to herd their reindeer more easily and quickly. Whereas 

previously the laborious process of herding the reindeer had to be done on foot 

over several days and weeks, with the snowmobiles the same work could be done 

in a fraction of the time previously required. Apart from the acceleration of the 

work, the physical strength required was now also greatly reduced. A previously 

laborious activity could now be done more quickly. However, within a very short 

period of time, the snowmobiles not only motorised their sleds, but also 

fundamentally changed the way they worked with the reindeer. The engine noise, 

the extension of the working radius, but also the financial maintenance costs 

associated with the machine meant a fundamental change in their daily life. The 

humming noise of the engines and the high speed of the snowmobiles changed 

the animals’ herd behaviour. The powerful and long-lasting snowmobiles also 

required regular maintenance, fuel, and ongoing investment in equipment. While 

in former times ‘only’ muscular strength, time and food were needed for the work, 

the snowmobiles meant additional costs for the process. Within a few years, the 

village community and their livelihood changed. Therefore, initially, the 

acquisition of the snowmobiles was motivated by so-called first-order effects as 

defined by Sproull and Kiesler (2001, 1991). First-order effects are consequences 

of a decision that are made primarily for economic reasons. They are aimed at 

effects such as reducing the time required for production, improving product 

quality or simplifying the work to be done. 
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However, as the example of the Skolts has subsequently shown, the ‘second-order 

effects’ after Sproull and Kiesler (2001, 1991) were much more profound and 

meant a substantial, infrastructural change in the people’s former habitual 

methods. The way the Skolts performed a job, and thus how they structured 

their daily lives, changed fundamentally (Barley, 2020, pp. 10–11). As observed 

in the example of the Skolts, the emergence of new technologies has the potential 

to restructure even deep-rooted principles of a society and therefore might lead 

to profound changes. While nowadays, in our society decisions are more often 

made in favour of ‘first-order effects’, the consequences of ‘second-order effects’ 

can rarely be predicted or even induced intentionally. However, these are usually 

the changes that contribute to a fundamental transformation of our society, our 

environment and our surroundings. The craftsmen who were observed in this 

research usually chose a joinery robot out of ‘first-order effects’. This means that 

the machine can do the same work in a fraction of the time compared to a 

carpenter. In addition, a joinery robot can be operated in two- or even three-

shift cycles. During these extended working hours, a carpenter or technician is 

then also necessary for supervision and support, but the output ultimately 

achieved exceeds the capacities of a single person in many ways. Furthermore, 

the machine usually does not need a break between jobs. In the interviews 

conducted, however, repeatedly there were findings that can be described as 

‘second-order effects’ according to Sproull and Kiesler (2001, 1991) which entail 

more profound consequences for the profession of a carpenter. For example, some 

craftspeople complained that practices of craftsmanship that were previously 

fundamental to their profession have already been completely lost or that the 

carpentry workshop is now only a place of ‘fitting pieces together’ because of the 

joinery robot. The craftspeople thus observed or described changes partly in 

relation to the joinery robot that has transformed some of the core practices of 

their profession. The question of whether these consequences ultimately 

contribute only to a substitutional transformation, i.e. one that facilitates the 

work process, or to an infrastructural transformation, i.e. one that fundamentally 

changes the profession of carpentry, needs to be studied on a case-by-case basis. 

The results of the joint working process can be very different, depending on how 

the people at a carpentry company implement the joinery robot. 
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One of the carpentry firms visited during this research intends to specialise in 

the prefabrication of timber frame construction. According to their vision, the 

planned investment in a new joinery robot is intended primarily to increase the 

speed of the joinery process and of the assembly. The company also wants to 

prefabricate elements for other companies and therefore it will operate as a 

subcontractor. In this specific case, the entire workshop and its organisation will 

be rearranged and realigned in order to take advantage of the automation 

potential provided by the joinery robot. The resulting personnel and 

organisational changes will most likely lead to an infrastructural change for the 

craftspeople in the company. Compared to the previous way of working, tasks 

will be reassigned, processes structured in a fundamentally different way and the 

company’s profile will be realigned. Partly consciously, partly unconsciously, this 

carpentry workshop will undergo a fundamental change by comparison to its 

previous profile. In this case, the realignment will make it quite feasible to 

observe how and what this means for the working methods of the individual 

carpenters. 

In contrast to this very radical reorientation, a joinery robot can also merely 

mean a substitutional change for a company. According to one of the carpenters, 

the decision to purchase a joinery robot was motivated primarily by a great 

curiosity about the machine. Although the company has already been working 

with the joinery robot for more than 6 years, the joint work process between men 

and machine is still rearranged for each new order. Besides conventionally 

manufactured wooden elements, the company also ‘knits’ solid wooden houses as 

log houses from single trunks. Although the craftsmen’s workshop has a joinery 

robot and this would be the most efficient and economical way of working for 

most of their projects, not every log construction is made on the robot. For 

example, a log house made of obliquely cut wooden trunks was recently produced. 

Because of the geometry, this timber would not be workable for the robot. Instead 

of switching the construction of the building to conventional, straightened logs, 

the carpenters decided to handcraft the building, without using their joinery 

robot. According to the carpenter, this decision was not economically justifiable, 

but for the carpenters it was motivation enough to try something different again. 

After weeks and weeks of rather hard, manual work, the carpenters were able to 
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complete this unique project. The carpenter explained that it had been a great 

enrichment for the craftsmen to once again erect such a building purely by hand. 

Nevertheless, after completing this project, they were also very happy to continue 

working with the joinery robot in their daily work. The craftsmen of this 

company try to use the advantages of the joinery robot in a selective, project-

specific way. 

As these two brief descriptions of different working methods have illustrated, at 

some point it is still up to the craftspeople to decide which tool will produce the 

desired result. Each of the papers compiled and submitted as part of this research 

point to a specific case and concentrate on the working methods of an individual 

workshop in and around Liechtenstein. In doing so, craft enterprises were 

specifically selected that could already look back on several years of experience 

in working with the joinery robot. The projects realised and the working processes 

of the companies were closely observed and documented. As an integral part of 

the work, interviews were conducted with the craftsmen and those involved in 

the project, always focusing on the question of the implementation of the joinery 

robot. The articles on the following pages always present a single case, one 

phenomenon that is answered within the framework of this research work. 

 

The first publication, ‘Paper I.; How new technologies can promote the 

reintroduction of traditional knowledge in the profession of a carpenter‘, shows 

how a CNC joinery machine and a clever carpenter could reinterpret an old 

construction principle. Whereas in today’s timber construction, glued laminated 

beams are a product used every day, these technologically advanced timber 

products were not available in the past. In order to be able to bridge wider spans, 

carpenters made interlocking beams that functioned statically as a composite. As 

a composite, they could transfer much greater loads than the individual beams 

were capable of. Very precise work, a lot of time and experience is necessary to 

produce a stable and fully loadable interlocked beam. With the development of 

glue-laminated beams, this special joining technique became obsolete, as wooden 

beams could be produced in all shapes and sizes. Accordingly, the logic of 

interlocking wooden beams soon disappeared from the repertoire of craftsmen. 

However, the fact that this particularly resilient and stable connection logic 
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makes sense again in modern timber construction is demonstrated by a new 

timber structure built by the architect Hermann Kaufmann in Germany. Due to 

the availability of the new building material ‘Bau-Buche’ and the client’s request 

to use as much wood as possible and as few steel parts as possible, the carpenters 

used a modern interpretation of this interlocking logic. In this example, the logic 

of the sawtooth connection, the ‘zig-zag joint’ was used in the corner connection. 

However, this solution was only made possible by the strength of the modern 

machine joinery system (precision, efficiency, speed) and the carpenter’s know-

how. 

 

The fact that this process of approximation between craftsman and machine 

involves a certain amount of time and effort is shown in the second publication: 

‘Paper II.; Traditional Knowledge on Modern Milling Robots‘. This craftsmen’s 

company has had a joinery robot for several years. When buying a new joinery 

robot and the necessary software, a broad spectrum of ‘standard solutions’ for 

joining corners is already included in the bundle provided. This is intended to 

enable the craftsmen to start working quickly and in a targeted manner with the 

new infrastructure. While these pre-programmed solutions might already cover 

a large part of the daily tasks, this was not enough for the carpenter involved in 

this case. Specifically, he wanted to build a house out of solid wooden beams, as 

a modern block house construction. For this construction, the necessary corner 

joint, the dovetail, is a key point. 

This corner detail must fulfil a wide variety of needs such as structural stability, 

ventilation, assembly and manufacturability. Especially with regard to 

ventilation, i.e. air tightness, the standard pre-programmed solution was 

insufficient for the carpenter. Over a period of several weeks, he developed an 

improved corner joint together with the machine manufacturer, which was based 

on historical construction techniques. In doing so, they integrated an additional 

groove, a so-called ‘wind comb’ inside the corner joint, in order to be able to 

meet the standards of the craftsman. In a similar way to how craftsmen once 

used to individually adapt their hand tools, in this case the carpenter (together 

with the manufacturing company) adapted the joinery robot’s performance to 

his own requirements. His ideas and solutions were based on his expert knowledge 
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of historical constructions. The joinery robot manufacturer provided him with 

support for the technical implementation. 

 

The fact that craftsmen can also revive historical and regionally anchored 

construction principles through the possibilities of a joinery robot is shown in the 

publication ‘Paper III.; The Renaissance of Structural Ornamentation‘. In the 

context of this work, the appearance of first-order effects and second-order effects 

according to Sproull & Kiesler (2001, 1991) can be observed. In the example of 

this case study, a new wooden workshop was built. For structural reasons, it was 

required that parts of the side walls had to be closed for stabilisation purposes. 

In a first proposal, the plan was to close the side sections with a CLT panel. In 

order to provide sufficient light in the workshop, the carpenter offered to cut 

round openings in the panel. However, this solution was not sufficient for the 

clients. It was not until the subsequent discussion process between the carpentry 

firm, the structural engineering office and the client that the planned panels were 

replaced by a wooden lattice that could be made from individual rods. To the 

surprise of everyone involved, the production of the wooden lattice was almost 

the same cost as the previously planned CLT panel, despite the complex 

geometry and the additional effort in assembly. This decision resulted in several 

significant advantages. The final solution was implemented using regionally 

available timber beams, which minimised the carpenter’s dependence on 

industrially manufactured timber construction materials. Transport routes were 

shortened, delivery times were improved and the regional network was 

strengthened. While the craftsman’s company acquired the joinery robot 

primarily for the efficient and fast implementation of simple building 

components, far-reaching changes for the entire process flow could be observed 

in the context of this construction project. As a result, the manufacturing of the 

rhombic latticework only became affordable again with the help of the joinery 

robot. If one compares this transformation process with the previously mentioned 

snowmobiles for the Skolts in 1.4.3 Approaching new technologies, the 

consequences of this technological change for the carpenters and the regional 

construction industry seem to be of a positive nature from today’s point of view. 

However, it cannot be denied that the task, the profession of the craftsmen has 
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also changed here as a result of the joinery robot. What seems interesting in this 

example is the fact that the ‘push’ towards the traditional construction principle 

was initiated primarily by the clients, not by the carpenters. 

 

The fact that the constant evolutionary process in the craft of carpentry will 

continue to raise exciting topics in the future is discussed in the publication 

‘Paper IV.; What a carpenter can learn from ‘Thingiverse’‘. Here, a comparison 

is made between the ‘maker community’ and their 3D printers on the one hand 

and carpenters with their joinery robots on the other. In the maker community, 

it is common to obtain and exchange designs, 3D files and inspirations via 

platforms such as Thingiverse. These 3D file templates are either printed directly 

or individually adapted and redesigned. After the editing process, the data can 

be uploaded and thus made accessible to the community again. The result is a 

lively global exchange of challenges, ideas and solutions. In comparison to this 

observation, carpenters first plan a building on the computer as a digital 3D 

model and then, after the joinery process on the robot, the files are usually only 

stored in the project archive. Therefore, no further discussion or work process 

follows using the digital data. Of course, the different ways of working in the two 

communities can be attributed to different backgrounds such as legal, economic 

or cultural aspects, but there seems to be great potential for innovation here, 

especially since the digital data is already available in both communities. 

With regard to the craft of carpentry, it can be said that the coming years will 

certainly bring further significant changes, especially since the phenomenon of 

joinery robots has only been established for a relatively short time. As described 

at the very beginning of this paper, the growing number of projects and the 

corresponding demand for buildings made of wood are positive indications for an 

exciting future. In this context, it can be expected that the potential of joinery 

robots can and perhaps will make an increasingly important contribution. 

However, what these changes ultimately imply for the profession of carpenters 

cannot be summarised comprehensively in such a diverse profession. As Barley 

writes in his book, the major challenges of technological change are not technical, 

but rather social, economic and political (Barley, 2020, pp. 23–24). After almost 
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40 years of intensive research on work, technology and organisations, he only 

allows himself to make one clear statement: 

 

You almost never get only what you expect and sometimes you do not even get 

that. (Barley, 2020, p. 26) 

 

The craft of carpentry has always been in a constant process of change. In this 

process, carpenters should be understood as experts in wood as a building 

material. Within the context of this continuous change, it is important to develop 

an awareness of the corresponding translation processes in order to be able to 

respond to them if appropriate. As stated in Germany’s version of the description 

of carpentry as a craft, it is ultimately up to the craftsmen to decide on the use 

of the right tools in relation to a task (Bundesministerium der Justiz, 1999).  

This key problem-solving competence might not be replaced in the near future 

by joinery robots, artificial intelligence or other things associated with 

digitalisation. In any case, the use of new tools and technologies opens up new 

possibilities which - as is often the case in life - should be met with an approach 

that can be described as critical curiosity (Friesike & Sprondel, 2022, p. 32). 
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2 Paper I.; How new technologies can promote the 

reintroduction of traditional knowledge in the profession of 

a carpenter 

 

 

Title: How new technologies can promote the reintroduction of 

traditional knowledge in the profession of a carpenter 

Authors: Wolfgang Schwarzmann 

Contribution: Showing how nowadays traditional construction methods 

are used in a new context by joinery robots 

Status: Published in the Proceedings of ‘Space and Digital Reality: 

Ideas, Representations/Applications and Fabrication’ 

Conference, as part of the Tallinn Architecture Biennale 

TAB 2019 
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3 Paper II.; Traditional Knowledge on Modern Milling 

Robots 

 

 

Title: Traditional Knowledge on Modern Milling Robots; How 

CNC-joinery machines promote a renaissance to lost 

techniques in the profession of a carpenter. 

Authors: Wolfgang Schwarzmann 

Contribution: Based on a case study, it can be observed how a carpenter 

transfers his specific expertise to the joinery robot. 

Status: Published in the Proceedings of ‘The 38th Conference on 

Education and Research in Computer Aided Architectural 

Design in Europe’ Conference, eCAADe 38, Berlin 
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4 Paper III.; The Renaissance of Structural 

Ornamentation 

 

 

Title: The Renaissance of Structural Ornamentation: How CNC-

Joinery Machines are Helping to Re-Discover Lost 

Construction Techniques in Carpentry 

Authors: Wolfgang Schwarzmann, Sascha Friesike 

Contribution: Elaborate a comparison of historical and modern 

manufacturing techniques, incorporating the debate on 

ornamentation. 

Status: In review at Architectural Intelligence;  

Editor-in-Chief: Philip F. Yuan 
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5 Paper IV.; What a carpenter can learn from 

‘Thingiverse’ 

 

 

Title: What a carpenter can learn from ‘Thingiverse’; how robots 

are already changing the craft of carpentry 

Authors: Wolfgang Schwarzmann 

Contribution: Identifying 3 overlaps and 3 contrasts between the Maker 

movement with 3D printers and carpenters with joinery 

robots. 

Status: Published in the Proceedings ‘Structures and Architecture. 

A Viable Urban Perspective?’ of the Fifth International 

Conference on Structures and Architecture (ICSA 2022), 

Aalborg, Denmark 
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