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Abstract 

The present mania for 3D printing within the domain of cultural heritage presents this 

technology, along with 3D scanning, as a fundamentally new mode of production and 

replication. Its exponents would claim that it is so new that no real ethics of its application can be 

thoroughly considered until it becomes a routine part of practice among archaeologists, museum 

curators, and conservators. This approach obscures the fact that replication within art, by 

methods such as the ancient technique of bronze casting or manual copying using a camera 

obscura, engaged the technologies of their time in the same way 3D printing does today. Using 

the philosophy of technology provided by Martin Heidegger in his essay The Question 

Concerning Technology, I will argue that 3D printing should be viewed in the context of these 

historical practices, and I will examine specific ethical concerns about 3D printing projects that 

are ongoing today. My own experience with 3D printing has shown me that currently, this 

practice has an undetermined position on a broad spectrum of cultural production that requires 

considerable human intervention and will continue to do so with further advances in this 

technology. In addition to understanding the technology of 3D printing as a form of replication, 

the products of this technology will be discussed in terms of digital colonization by examining 

the proposal to reconstruct the Bamiyan Buddhas in Afghanistan, and the 3D printing of the now 

destroyed Palmyra Arch by the Institute of Digital Archaeology. This paper will provide an 

opposing view on digital colonialism and present 3D printing as a new method to aid in 

knowledge acquisition with the printing of small-scale replicas of ancient artifacts and 

monuments for haptic learning experiences. 
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1.0 Introduction  

Martin Heidegger, in his essay The Question Concerning Technology, written in 1954, 

discusses the essence of technology from past to present. This paper adopts Hubert L. Dreyfus’ 

interpretation of Martin Heidegger’s essay to discuss the phenomenology of technology to 3D 

printing. In his essay, Heidegger presents his concern on the essence of technology, how technē, 

the root of technology, as a form of “bringing-forth” or “revealing” has changed by the 

mechanization of technology into a form of concealing the true nature of things.1 He states that 

we as humans have pressed on past the poetic nature of technology as a form of art and 

revealing, and have moved on to assuming that the essence of modern technology is to seek 

efficiency.2 In the quest to find technological efficiency, we reduce everything to a resource for 

technical application. Here Heidegger describes the concept of the standing-reserve, or Bestand, 

which he defines as “everything ordered to stand by, to be immediately at hand… to stand there 

just so that it may be on call for a further ordering.”3 When we label everything as the standing-

reserve, we reduce everything into something that can be copied, diminishing the true value of 

the resources available to us. The true essence of technology as a bringing-forth and revealing 

becomes what Heidegger then calls a concealing. The concealing is dangerous to humans not 

because it is destructive to nature and culture, but because it conceals the truth and restricts our 

way of thinking.4 

                                                             
1 Martin Heidegger. “The Question Concerning Technology.” The Question Concerning Technology and Other 

Essays, trans. William Lovitt (New York: Garland Publishing, Inc., 1977), 34. 
2 Hubert L. Dreyfus. “Heidegger on Gaining a Free Relation to Technology.” Technology and Values, Rowman & 

Littlefield Publishers (1997): 27. 
3 Heidegger, 17. 
4 Dreyfus, 27. 
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An excerpt from Heidegger’s Discourse on Thinking argues that technology in this age 

has the potential to captivate and beguile humans into adopting calculative thinking, defined as 

continuously moving from one prospect to the next.5 3D printing technology has captivated us 

because it is a fundamentally new concept and we want to experiment with it in multiple 

disciplines such as manufacturing, science, medicine, art, and cultural heritage, to see how far we 

can push its boundaries. This desire to find the threshold of 3D printing by applying the idea of 

calculative thinking often means overlooking the ethics of its application, where ethics in this 

paper is defined as the moral decisions and meaning behind printing full-scale 3D 

reconstructions of lost cultural heritage monuments. These ethics revolve around the parties 

involved with the decisions to pursue such projects, a recognition of its significance in history, 

and an honest account for the reconstruction in the present. When the ethics of its application are 

neglected and cultural heritage is reduced to a standing-reserve, objects often lose their sense of 

character and uniqueness in the world.6  

Heidegger argues that the essence of technology is not technological, and that the 

technological understanding of being can be dissociated from technological devices.7 We can 

understand the true essence of technology by studying historical methods of replication in art, 

such as the production of marble sculptures, bronze casting, the camera obscura and 

photography, to understand why such practices were so important. By doing this we return to the 

original essence of technology, poiēsis, the act of bringing something into existence and 

revealing a truth, instead of relying solely on technology for its efficiency.8 3D digitizing and 

printing technology has already presented itself as an effective tool in various disciplines within 

                                                             
5 Martin Heidegger. Discourse on Thinking. (New York: Harper and Row, 1966), 56. 
6 Heidegger, xxix. 
7 Dreyfus, 29. 
8 Heidegger, 27. 
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engineering, manufacturing, science, medicine, and in the arts and cultural heritage sector.9 

Museums, cultural heritage and educational institutions have explored the various ways in which 

3D printing can exhibit poiēsis in terms of enhancing learning with physical replicas of ancient 

artifacts and paintings.10 This technology has been utilized and its application has introduced 

learning through haptic experiences, aiding in archaeological documentation, and providing 

practical methods for conservation. This paper aims to contextualize 3D printing as poiēsis, a 

method of bringing-forth and revealing truths, to aid in the acquisition of knowledge by 

discussing the effects of haptic experiences with 3D printed small-scale replicas of ancient 

artifacts, while simultaneously objecting to the use of technology to reduce cultural heritage to a 

standing-reserve. 

2.0 The Technology of 3D Printing 

3D printing is the process of making a physical object from a three-dimensional digital 

model, typically by adding layers of material in succession starting from the bottom of a platform 

and building upwards.11 An interesting example of this process is seen in the natural formation of 

seashells. As mollusks grow, they add calcium carbonate to their outer shell, which in turn gives 

them more room to grow.12 The various lines on a seashell indicate the different layers of 

growth, and the shell then becomes one whole unit. This natural process directly relates to the 

creation of objects using 3D printing technology. The first attempt at creating a solid object using 

                                                             
9 Tuan D. Ngo, et al. “Additive Manufacturing (3D Printing): A Review of Materials, Methods, Applications and 

Challenges.” Composites Part B: Engineering 143, (2018): 181-189. 
10 The Parasol by Francesco Goya, Apollo in the Forge of Vulcan by Diego Velazquez and the Mona Lisa by 

Leonardo da Vinci: Ayun Halliday. “The Prado Museum Creates the First Art Exhibition for the Visually Impaired, 

Using 3D Printing.” Open Culture, last modified March 9th, 2015, http://www.openculture.com/2015/03/prado-

creates-first-art-exhibition-for-visually-impaired.html 
11 Jan Kietzmann, Leyland Pitt and Pierre Berthon, “Disruptions, Decisions, and Destinations: Enter the Age of 3D 

Printing and Additive Manufacturing” in Business Horizons 58, no. 2 (2015): 210. 
12 Joan Horvath. “A Brief History of 3D Printing,” in Mastering 3D Printing, (Berkeley, CA: Apress, 2014), 3. 
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this layer-by-layer process took place in the late 1960s at Battelle Memorial Institute.13 Using 

two laser beams and a photopolymer resin invented in the 1950s by DuPont, a company who 

creates new industrial materials, researchers discovered that when the lasers intersected the 

material would solidify.14 Throughout the 1970s to mid 1980s, Formigraphic Engine Co., Dynell 

Electronics Corp. and United Technologies Corp. experimented with this dual laser approach to 

improve the system.15 Dynell Electronics Corp. was successful with the dual laser technology 

with the additional invention of cutting cross sections by computer control.16 This meant that the 

laser would solidify the material using the thin layers created by the cross sections to form a 

desired 3D object.17 The term they used to describe this process was solid photography.18 In 

1980, Hideo Kodama of the Nagoya Municipal Industrial Research Institute in Japan invented a 

way to cure photopolymer materials with a single beam laser rather than with the dual laser 

system.19 He used the cross section approach invented by Dynell Electronics Corp. to determine 

the scale of a model and how many layers were needed according to the thickness of each 

layer.20 Experimenting with this technology, he claimed that the thickness of each layer could be 

controlled by immersing the solidified layer into the liquid polymer at a depth equal to the 

desired thickness while continuing to solidify the liquid polymer on top.21 By following this 

procedure, the depth at which the solidified layers were immersed into the liquid corresponded to 

the cross-sectional figures to create a solid shape within the liquid.22 His experiments with this 

                                                             
13 Terry Wohlers and Tim Gornet. “History of Additive Manufacturing.” Wohlers Report 24 (2016): 31. 
14 Wohlers, 31. 
15 Wohlers, 32. 
16 Wohlers, 32. 
17 Wohlers, 32. 
18 Wohlers, 32. 
19 Wohlers, 32. 
20 Hideo Kodama. “Automatic Method for Fabricating a Three-Dimensional Plastic Model with Photo-Hardening 

Polymer.” Review of Scientific Instruments 52, no. 11 (1981): 1770. 
21 Kodama, 1770. 
22 Kodama, 1770. 
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technology are the first evidence of additive manufacturing.23 The technology was officially 

labelled additive manufacturing in 1987 that was then commercialized with the emergence of 

Stereolithography24  

2.1 Stereolithography 

 In the early 1980s, Charles “Chuck” Hull was experimenting with the concept of rapid 

prototyping by selectively curing a surface layer of photopolymer to build three-dimensional 

objects with successive layers.25 He called this process of selective solidification, 

Stereolithography (SLA). The origin of this idea came from his frustration in waiting to have 

new injection moulded parts produced. His solution was additive manufacturing, which began as 

an idea that could aid in the rapid production of parts for industry. As he experimented more to 

advance the technology, he and a colleague, Raymond Freed, jointly founded the company 3D 

Systems Inc. to develop commercial applications to resolve industrial issues.26 The use of SLA 

has been essential for large manufacturers as it allows them to mass-produce casts of metal parts 

more efficiently and at a lower cost.27 In turn, Hull’s development of the first robotic 3D printer 

in 1984, led to a technology that has revolutionized various professional fields around the world 

for example, construction, education, medicine, science, and art. 

Since Hull’s early work, SLA has become one of the most common methods of additive 

manufacturing. A solid object is created from a liquid by selectively solidifying a polymer resin 

layer by layer.28 First, a 3D model is created using Computer-Aided Design (CAD) software and 

                                                             
23 Wohlers, 32. 
24 Wohlers, 1. 
25 Michelle L. Griffith, and John W. Halloran. “Freeform Fabrication of Ceramics via Stereolithography.” Journal of 

the American Ceramic Society 79 (1996): 2601. 
26 Griffith, 7. 
27 Kietzmann, 210. 
28 Horvath, 10. 
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then sliced to indicate the 2D contours or cross sections by which the layers were to be 

solidified.29 The CAD model would then be sent to a Computer-Aided Manufacturing (CAM) 

machine where the heat source, either a laser or UV light, would solidify the liquid 

photosensitive polymer resin (Fig. 1).30 Applying heat to the polymer resin induces a chemical 

reaction that bonds the particles together and creates a solid layer.31 During the process, the laser 

will solidify the outline given by the CAD model, along with a honeycomb-like structure to 

support the overall frame of the object.32 After the solidification process is complete, the object 

is cleaned of any excess resin and the supports are removed. While SLA is a useful tool for 

industry, this technology unfortunately limits the user to polymer materials, which many 

industries find undesirable. The lack in strength of the material and the complexities involved 

with ensuring the UV light or laser cures the material effectively, for example the laser power 

intensity, scanning speed and duration of exposure, are the main technical disadvantages of using 

SLA.33 Apart from the technical disadvantages of printing in polymer materials, SLA contributes 

to ecological deterioration by adding more plastic to our world already overpopulated by plastic.  

2.2 Fused Filament Fabrication 

A couple other methods of 3D printing offer similar results to that of SLA, but differ in 

production processes. Fused Filament Fabrication (FFF) developed from the earlier technique 

Fused Deposition Modeling (FDM) was invented by Scott Crump at the end of the 1980s.34 In 

                                                             
29 Paulo Jorge Bàrtolo. “Stereolithographic Processes” in Stereolithography: Materials, Processes and Applications 

(Springer Science and Business Media, 2011), 5. 
30 Bàrtolo, 6. 
31 Bàrtolo, 6. 
32 Bàrtolo, 14. 
33 Xin Wang, et al. “3D Printing of Polymer Matrix Composites: A Review and Prospective.” Composites Part B: 

Engineering 110 (2017): 444. 
34 Caterina Balletti., et al. “3D Printing: State of the Art and Future Perspectives.” Journal of Cultural Heritage 26 

(2017): 174. 
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this process, the nozzle or printer head is heated to melt a filament of material, usually a polymer 

(Fig. 2). The printer head then moves according to a set of 3D coordinates (X, Y, and Z) sent by 

a CAD program, and deposits the melted material by layer.35 Unlike SLA, a light source is not 

required in order to bind the layers together. Since this technique deposits melted plastic layer by 

layer, the final finish is often rough, and the deposit lines are noticeable. Despite the rough 

finish, this technique is commonly used for rapid prototyping in plastic materials, and is 

relatively inexpensive, a fact that makes it popular among those using 3D printing for 

recreational purposes.  

2.3 Selective Laser Sintering 

 Another technique that is widely used among various industries is Selective Laser 

Sintering (SLS). This method was invented by Carl Deckard, Joe Beaman and Paul Foderhuse in 

1986, and is a technique that uses a laser to selectively bind powder particles together (Fig. 3).36 

While plastic materials are more commonly associated with SLA and FFF, SLS offers printing in 

a variety of different materials in addition to plastic, such as ceramic or metallic dust.37 The 

process begins with a roller that pushes the powder material onto a powder bed, and similar to 

SLA, a laser is used to heat desired areas of the powder, controlled by the coordinates sent by the 

software, which it then binds together and creates a solid object. Once the initial printing phase is 

complete, the model is removed from the un-sintered dust and may undergo additional heating to 

solidify all layers. While this method is more expensive than SLA and FFF, the benefits of 

printing objects with this technique is the option to print in different materials that offer a 

                                                             
35 Balletti, 174. 
36 Balletti, 173. 
37 Balletti, 174.  
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smoother finish, the ability to print in full colour, and the object does not require supports for 

stability during the printing process.  

2.4 Subtractive Manufacturing 

 3D printing is not limited to additive manufacturing processes as subtractive 

manufacturing provides the same results with a minor technological distinction. This technology 

imitates traditional manual methods of the chisel and hammer to automatically carve and cut 

away specific designs from a solid block of material. Subtractive manufacturing is an ancient 

method and can be seen in various types of art across multiple civilizations, from monumental 

cliff side carvings such as the Treasury in Petra, to Greek and Roman marble sculptures. The 

technology has progressed from hand and chisel techniques to more advanced methods that have 

slowly decreased the use of manual labour to create a solution for more automated forms of 

production. The technology used for subtractive manufacturing is the Computer Numerical 

Control (CNC) machine, which creates an object by selectively removing pieces of the solid 

block of material according to coordinates provided by the CAD model (Fig. 4). The process to 

the final printing stage is identical in both additive and subtractive manufacturing methods, and 

the objects produced are very similar. Manufacturers have mentioned that no method is superior 

to the other, but conclude that the combination of both methods creates a more advanced system 

of manufacturing.38 Thus, the definition of 3D printing should be redefined to include both 

additive and subtractive manufacturing as both methods create the same results but with different 

technology. 

                                                             
38 Bingheng Lu, et al. "Development Trends in Additive Manufacturing and 3D printing." Engineering 1, no. 1 

(2015): 88. 
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There are many advantages to using automated additive and subtractive manufacturing 

technologies to create products as opposed to using traditional manufacturing methods. Both 

technologies are rapid prototyping techniques that allow the user to create simple or complex 

shapes and designs, for example, internal structures that serve functional purposes such as 

cooling channels, or snow globe designs, where a structure is created inside of an outer casing.39 

This technology, popularized by its efficiency for industrial production, has proven to be 

effective in creating prototypes and functional components for engineering, scientific, and 

medical professions but has become a problematic technology for cultural heritage.40 

Unfortunately, the same mentality that industrial 3D printing, used for improving efficiency, is 

being applied to cultural heritage where artifacts and monuments are being reduced to standing-

reserves and are copied, produced, and distributed as if they are being made and sold in a gift 

shop. This paper aims to contextualize 3D printing technology for cultural heritage as a form of 

art that allows us to explore the phenomenology of haptic experiences rather than reducing 

cultural heritage to a standing-reserve for industrial purposes. I argue that 3D printing should be 

understood in conjunction with its analog equivalents, the pointing machine, lost wax casting and 

photography, as they are all methods of production that display the traditions and values of art 

and technology. 

3.0 Historical Antecedents of Production and Replication 

3.1 Emulative Practices of Greek and Roman Marble Sculptures  

 In the 20th century, scholars studied ancient Roman replicas of Greek sculptures, in order 

to discover the original forms of the statue. Kopienkritik or copy- criticism, a term inspired by 

                                                             
39 Thomas Campbell, et al. “Could 3D Printing Change the World?” Technologies, Potential and Implications of 

Additive Manufacturing 3 (2011): 5. 
40 Campbell, 4. 
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the philologist Adolf Furtwӓngler, who attempted to reconstruct lost texts by using multiple later 

copies of manuscripts, was used to try to recover the lost Ur-forms of sculptures.41 By dividing 

like-statues into subgroups called sculptural types, scholars were able to analyze the similarities 

and differences in technique and style used in each subgroup to form theoretical assumptions 

about the original statue.42 The reason scholars studied Roman replicas using Kopienkritik to find 

the original forms of the Greek statue was because of the criticisms Roman art received from 

Johann Joachim Winckelmann. In his analysis of Roman art, he states that:  

… Roman artists would have developed no style of their own, for in the earliest times, 

they probably imitated the Etruscans, from whom they adopted many customs, especially 

religious ones; and in their later and flourishing periods, the few Roman artists would 

have been students of the Greeks.43 

In his review of Roman art, he degrades Roman statuary to nothing more than a copy of Greek 

sculpture, concluding that Roman art never existed as a true product of its own culture.44 

Scholars agreed with Winckelmanns’ opinion and continued to criticize Roman artists of having 

no independent artistic desire for novelty and invention, and stated that any deviations in the 

replica of an original must be attributed to the copyists’ misunderstanding and error.45 Against 

these criticisms, modern scholars have disagreed with the use of Kopienkritik, and have looked at 

physical evidence and ancient literary sources to argue that Roman art is authentic and should be 

studied as an expression of its own contemporary culture rather than solely a source of its 

preceding Classical and Hellenistic equivalents.46 Roman art is authentic to its own culture as it 

                                                             
41 Elaine K. Gazda. “Roman Sculpture and the Ethos of Emulation: Reconsidering Repetition.” Harvard Studies in 

Classical Philology (1995): 126. 
42 Julia Habetzeder. “Evading Greek Models: Three Studies on Roman Visual Culture.” (PhD. Dissertation, 

Stockholm University, 2012), 13. 
43 Johann Joachim Winckelmann. “Art of the Romans.” History of the Art of Antiquity, trans. Harry Francis 

Mallgrave (Los Angeles: Getty Research Institute, 2006), 284. 
44 Gazda, 125. 
45 Gazda, 127. 
46 Habetzeder, 13. 
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displays and understanding of the significance of themes and subjects that describe Roman 

culture. It is important to view 3D printing similar to Roman art, as the 3D printed object has the 

ability to convey a message of historical understanding by allowing humans to tangibly explore 

an object within its own contemporary culture.47 

 Physical evidence of the uniqueness of Roman art can be seen in fragmented plaster casts 

discovered in the baths of Baiae, located on the Gulf of Naples, a short distance from ancient 

Puteoli, modern Pozzuoli.48 The fragments were identified as plaster casts of “Aristogeiton, the 

Sciarra, Mattei and Sosikles Amazons, the Athena Velletri, the Aphrodite Borghese, and Eirene 

carrying Ploutos,” which were believed to be casts of famous Greek bronze masterpieces of the 

fifth and fourth centuries.49 Christa Landwehr compared the Baiae casts to Roman copies to 

justify the authenticity and uniqueness of Roman art. She used the Baiae cast of Aristogeiton and 

two marble statue heads of Aristogeiton from the Capitoline Museum in Rome to study the 

similarities and differences in style (Fig. 5).50 She noticed that both marble statue heads closely 

resembled the Baiae cast, but the first statue head (Fig. 5 middle) appeared to have fuller cheeks, 

whereas the other statue head (Fig. 5 right) had sunken cheeks making Aristogeiton look older.51 

These replicas prove that while Roman artists used complicated and expensive techniques such 

as copying mechanisms and plaster casting to create full-scale copies of Greek masterpieces, 

they also made sure that their works of art included a sense of uniqueness representative of their 

own culture.52  

                                                             
47 Matthew Ratcliffe. “The Phenomenology of Touch.” Feelings of Being (Oxford University Press, 2008), 86. 
48 Christa Landwehr. “The Baiae Casts and the Uniqueness of Roman Copies.” Plaster Casts: Making, Collecting 

and Displaying from Classical Antiquity to Present (Berlin: Walter de Gruyter, 2010), 35. 
49 Landwehr, 35. 
50 Landwehr, 39. 
51 Landwehr, 41. 
52 Landwehr, 45. 



  
 

12 
 

 Landwehr’s argument on Roman copies of Greek art with the addition of their own 

characteristics coincides with the statement provided by Alfred Gell, “without repetition, art 

would lose its memory.”53 Twentieth century scholars using the concept of Kopienkritik to argue 

that Roman art lacks a sense of originality, have been challenged by modern scholars who 

believe that repetition is more than just imitation, and is a strategy that reinforces the message of 

continuity and connection to tradition.54 The term Gazda used to define this expression is 

Idealplastik or, the ideal sculpture, which focused the attention on the subject matter of the 

sculpture, for example common themes of Greek and Roman art, mainly the Gods, mythological 

scenes and athletic victors, rather than where the sculptures originated.55 Evidence of the subject 

matter holding more importance than origin is described in Cicero’s letters to Atticus written in 

the late Republic.56 In his letter, he states: 

I am awaiting impatiently [for] the statues of Megaric marble and those of Hermes, which 

you mentioned in your letter. Do not hesitate to send anything else of the same kind that 

you have, if it is fit for my Academy. My purse is long enough. This is my little 

weakness; and what I want especially are those that are fit for a Gymnasium.57 

In his letter, it seems he does not want particular sculptures but is instead more interested in the 

themes that would be appropriate decorations to furnish his specific rooms.58 For example, in his 

letters, he mentions to Atticus that “if [he] can come across any articles of vertu [subjects that 

exhibit honesty and dignity] fit for [his] Gymnasium, [to not] let them slip.”59 This idea of 
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creating copies that represent specific subject matter can be directly translated to 3D printing for 

cultural heritage and museums. 3D prints are representations of specific subject matter that allow 

humans to visually and physically connect with an object to discover what it is and how and why 

it exists. While we have 3D printing technology to produce these representations of subjects, the 

Greeks and Romans did not, instead they had manual copying mechanisms. 

 Landwehr mentioned that sculptures were replicated with the aid of a copying 

mechanism, but there is no literary evidence for the techniques used to create these copies of 

marble statues in antiquity.60 In order to understand how the Greeks and Romans may have 

copied marble statuary, scholars have looked closely at the marks on unfinished and finished 

marble statues, as well as literary texts from 15th century Italy onwards as written sources 

indicate a sophisticated system of accurate measurement, potentially also used by the Greeks.61 

In the mid-15th century, Leon Battista Alberti developed an elaborate system for taking 

measurements called the definitor.62 This mechanism used plumb weights mounted on a rod and 

rotating disc with a scale system that was placed horizontally above the marble model.63 The 

plumb lines were used to indicate the projection of the figure in space, where the technician 

would use callipers to take vertical and horizontal measurements and create points using 

triangulation.64 Alberti used this technique to measure ideal proportions of the human body but 

the system was impractical and time consuming.65 As the desire for marble statues increased, the 
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mode of production had to change to produce works of art faster, leading to the invention of a 

more mechanized form of the definitor, the Pointing Machine.  

 The Pointing Machine consists of a rod with various joints for several degrees of 

freedom, and fasteners to hold the point in place after taking a measurement (Fig. 6).66 The 

pointer is attached to a secure frame that can be lifted from the plaster cast or draft model to the 

final model made of marble, where the pointer is then lowered onto a corresponding position 

and, using a pencil, a point is marked.67 Attached to the pointer is also a pointing rod to measure 

the depth of each point.68 This mechanism allowed for more accurate measurements and 

placement of details from the draft model to the final model using the traditional method of 

subtractive manufacturing. Since there are no ancient literary records of how the Greeks and 

Romans performed bulk replication, scholars have studied unfinished and finished marble statues 

to see if they used a form of Pointing Machine to take accurate measurements. An unfinished 

funerary statue of a youth from Rheneia from the 1st century BC provides evidence of drill holes 

to secure a measurement system in which it was speculated that nails were drilled into the model 

with cords placed between the nails to aid in measuring specific depressions or protrusions of the 

model (Fig. 7).69 According to scholars, it seems as though the Greeks and Romans did use a 

pointing system, perhaps not as sophisticated as the 15th century and onwards, but nonetheless a 

point system that used the triangulation method of measurement. While this method provided an 

effective way to produce replicas of artwork, it was a time-consuming process and limited artists 

to only creating replicas in marble.70 The Pointing Machine was useful in replicating marble 
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statues, but another method of replication used at the same time and possibly even earlier was 

casting to create replicas of statues using metals, primarily bronze. 

3.2 Bronze Casting 

Bronze casting, closely mirrors present day 3D printing as it can be described as a form 

of rapid reproduction by additive manufacturing, but is also regarded as an art form. Bronze 

casting has been around for millennia but the origin of the art and production process is still 

widely debated. Archaeological evidence such as the discovery of casting fragments made of 

course clay suggests that multiple civilizations, namely Mesopotamia, Egypt, and Greece were 

using the bronze casting technique at the same time, making it difficult for modern scholars to 

agree upon the origins of the production method.71 While the origin of the bronze casting method 

is still debated, there is literary evidence provided by Diodoros (1st century BC) and Pausanius 

(2nd century CE), who credit Rhoikos and Theordoros of Samos as being the first to use the 

casting method to create large-scale solid and hollow sculptures in 6th century BC Greece.72  

The technique Rhoikos and Theodoros used was adapted from earlier methods used in 

Egypt and the Near East called the lost-wax process, which was one of the most common 

methods used to replicate sculptures.73 There were two ways in which the lost-wax process was 

applied: a direct method and an indirect method (Fig. 8).74 The direct method required artists to 

create a design with significant detail on a mould of wax, and then cover the wax with a clay and 

sand mixture. When this mixture hardened, it formed a mantle. A hole was then cut in the mantle 

in an appropriate place, usually in the bottom along with vent holes to allow air bubbles to 
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escape during the casting process. The wax was heated until it was completely melted away, 

creating a cavity with an impression of the design on the inner surface of the mantle. Molten 

metal was then poured into the mantle and left to solidify. After the metal was cooled, the mantle 

was broken revealing a solid bronze figure. The final step would be to attach parts casted 

separately using molten tin or copper alloy.75 

 Solid bronze casts were popular among the ancient Greeks, but artists quickly noticed 

that this form of production used more metal than they could retrieve through trade, and after the 

collapse of the Mycenaean trading Empire during the Bronze Age, tin, a common metal in the 

production of bronze, became scarce.76 Artists also realized that because the sculptures were 

made of solid metal, the finished products were heavy causing artists to reserve solid bronze 

casting for smaller objects and invented a way to create hollow casts for larger statues.77 In the 

process of hollow casting, the first step was to create a core of plaster or clay modelled into the 

general shape of the desired finish product. A layer of wax, about the same thickness that the 

bronze was intended to be, was moulded over the core and finished with specific details. Before 

applying the clay and sand mantle, wax rods were added to create gates in order to pour the 

molten metal in from various points, as well allowed air bubbles to escape during the casting 

process. Metal rods were then inserted to secure the inner core to the outer mantle during the 

melting of the wax and the pouring of the metal processes.78 The metal would then occupy the 

space left behind by the melted wax and when cooled, the outer mantle was broken revealing a 

hollow bronze figure. The direct method was commonly used for unique creations, and due to 
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the wax being a flexible material, where it can be melted and reshaped, this process allowed for 

more variation in artistic design. 

 The indirect method is very similar to the direct method but was developed in order to 

create replicas of statues rapidly without having to remodel the cast for every sculpture. 

Sculptors would first create a model out of soft clay, complete with all details. Piece moulds, 

usually made of plaster, would be taken of various parts of the original clay model where wax 

impressions would then be made within the piece moulds. The wax was then removed from the 

piece moulds, and then cored, invested, which meant to cover it in a clay-like mantle, and 

casted.79 The use of indirect casting meant the original model was untouched, and could be used 

to produce more replicas without having to create another cast. This method of casting was most 

commonly used in the 4th century B.C. as attested by Pliny the Elder in his Natural Histories. In 

his book on metallurgy, he states that the first person to make a plaster likeness of a human being 

from the actual face, and having poured wax into this plaster mould to make final corrections to 

the wax cast was Lysistratus of Sicyon the brother of Lysippus.80 He then states that Boutades 

discovered how to take casts from statues, a practice that was advanced to such a degree “that no 

figure or statue was made without a clay model.”81 The indirect casting method is still used today 

in various industries with the help of advanced technology. We can directly link ancient practices 

of indirect casting to the process of rapid prototyping invented by Charles Hull in the 1980’s. 

Charles Hull was known to 3D print piece moulds in order to cast metal parts for manufacturers, 

as ancient artists would do for bronze sculptures.  

                                                             
79 Mattusch, 437. 
80 Gaius Plinius Secundus. Natural History Book XXXV, trans. H. Rackham (London: William Heinmann LTD., 

1952), 373. 
81 Plinius Secundus, 375. 



  
 

18 
 

3.3 Casting Methods for Archaeological Excavation and Conservation 

 Other casting techniques are still in use and can be recognized in archaeological 

excavation practices as a form of documentation. One of the most famous uses of casting 

technology can be seen at the ancient site of Pompeii in Naples, Italy. Guiseppe Firoelli, the 

director of excavations in Pompeii, developed the plaster casting technique in 1863.82 Liquid 

plaster was poured into the cavities formed by the decayed bodies buried in the ash and pumice 

to reveal the final forms of the victims from the Vesuvius eruption of 79 CE. Casting in Pompeii 

was considered archaeological documentation as the casts revealed not only the emotions and 

poses of the people of Pompeii, but also the clothes and accessories, hairstyles, musculature and 

activities they might have been doing at the time of the pyroclastic blasts.83 These casts 

introduced new standards of visual evidence providing a sense of truth and understanding of the 

historical event.84 Unfortunately, critics such as Professor Luigi Settembrini responded to the 

casts as being pitiable remains of human suffering that embodied the horrors of death rather than 

being monuments of science and art as they were intended to be.85 While Settembrini described 

the casts as devoid of beauty because they represented death, others such as Tito Angelini and 

Achille D’Orsi, both traditionally trained sculptors, saw reality and proof of movement in the 

casts and incorporated the musculature and flexibility of movement into their later works of art.86 

The casts, providing a physical remnant of the victims’ last moments, allowed artists and visitors 
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to experience deep emotions about what was presented before them and encouraged them to 

understand the historical events at Pompeii.87 

This method, primarily used in Pompeii and surrounding areas, have also been used at 

other sites in the Mediterranean that have been affected by volcanic eruptions in antiquity. At the 

ancient site of Akrotiri of Thera, archaeologists have used the plaster casting technique to 

identify late Bronze Age furniture made of wood, for example, beds, chairs and a table with 

intricate designs on the legs.88 Plaster casting for archaeological excavation has proven to be 

necessary as it creates a 3D representation of what has been imprinted in the ash beneath, and 

allows for a form of documentation before the artifact is lost. 

 The casting technique is also a method practiced in the conservation of ancient artifacts. 

Conservators would often create plaster casts and replicas, in order to avoid handling the original 

artifact excessively. Using the indirect method, they would create piece moulds of the artifact to 

create copies, or to investigate how to fix missing areas of the artifact to recreate the object in its 

entirety. Unfortunately, the casting technique, while useful, was deemed an invasive operation, 

as the direct and physical contact would often result in further damage of the artifact.89 The 

traditional casting method has been abandoned in many conservation labs as non-contact, non-

invasive procedures are now possible using 3D scanning and photogrammetry. This computer-

aided approach using digital technology is ideal for fragile artifacts as it offers an automatic 
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matching solution to repair damaged or missing areas of artifacts, is useful in the reassembling of 

fragments, and can also be used for colour recognition.90  

Ancient methods of three-dimensional replication, such as the use of a pointing machine 

and casting techniques relate to 3D printing technology because they aid in creating art for us to 

explore visually and tangibly. Dreyfus calls this type of practice a clearing, and when translated 

to artwork, it means that art allows us to interpret and understand what we are seeing and how it 

fits into a specific time, place and culture.91 When we recognize the historical understanding of 

artwork, we gain a connection to it through our experiences with it, which can help to improve 

our understanding of what the object represents. In this paper, I advocate for technology that 

allows us to engage in tangible experiences to explore the essence of an object, but how we 

perceive and understand the being of an object also includes our visual experiences. A form of 

replication in art that provide visual stimuli for us to explore is best understood with the camera 

obscura and the development of photography. 

3.4 Camera Obscura 

 A possible, non-haptic, but analogous technology to modern 3D printing could be the 

camera obscura. The literal meaning of the term is dark room, and is defined as a natural optical 

phenomenon where an image is projected through a pinhole into a dark room and displayed 

inverted on a wall opposite (Fig. 9).92 The camera obscura has been present from antiquity to the 

Renaissance to observe astronomical occurrences to tracing artwork, but has also led to the 

invention of the modern camera. In classical antiquity, the camera obscura was possibly used to 
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observe solar eclipses, but there is a lack of literary sources that describe this phenomenon, so 

scholars have identified the earliest written record for the use of the camera obscura provided by 

the Arabic scholar Ibn Al-Haytham in 1037 CE.93 Al- Haytham used this instrument to observe 

solar eclipses, but mainly used the camera obscura to study light and optics where he describes 

the linearity of light as it passes through various sized pinholes.94 In his book Optics he explains:  

Let an experimenter take an opaque body and, having made a minute hole in it, let him 

hold it opposite the body of the sun: he will find that the light goes through the hole, 

extending on a straight line. If he tests the interval on which the light just described has 

extended by applying a ruler to it, he will find it to be perfectly straight. It is therefore 

clear from all this that the light of the sun only extends along straight lines.95 

Following Al-Haytham’s explanation of linearity of light, and how aperture, the size of the hole 

in which the light travels through, affects the concentration of light projected on a wall, many 

scientists have expanded on his research and recorded their own observations using the camera 

obscura.  

By the end of the 16th century, a more sophisticated camera obscura emerged equipped 

with mirrors and lenses to correct the orientation and resolution of the projected image. As 

mentioned above, the camera obscura uses a small hole to allow light from a sunlit external 

scene to enter the dark room to form a horizontally and vertically inverted real time image on a 

screen.96 Before the addition of the mirror, artists reverted the image to match the original scene 

by projecting the image onto a translucent paper, rather than an opaque sheet, and traced the 

image from behind.97 By tracing the image from behind it corrected the horizontal orientation but 
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it still appeared upside down until the paper was flipped showing the image matching the 

original scene. Modifications to the camera obscura to correct the image projection were added 

with the use of a mirror introduced by Roger Bacon in 1250 CE. By placing the mirror behind 

the pinhole at an angle of 45°, the image projected was produced right-way up.98 While this 

corrected the orientation of the scene, there were other issues with the camera obscura that were 

resolved with simple technological additions. 

One of the issues with the camera obscura was the lack of resolution of the image 

projected through the pinhole. Scientists noticed that the aperture affected the resolution of the 

projected image. By creating a larger hole for the light to pass through, the image projected 

became brighter but the resolution was reduced because more light was able to travel through the 

hole causing a blurred image.99 When the aperture was decreased in size, the projected image 

was more defined but was dim as the light travelling through the aperture was limited.100 To 

restore the definition of the projected image regardless of the aperture, Giovanni Battista Della 

Porta in his second addition of his Magia Naturalis in 1559, proposed the use of a convex lens. 

He discovered that “if you put a small lenticular Crystal glass to the hole, you will see all things 

clearer.”101 The lens fixed into the hole allowed the light to be concentrated and directed to a 

corresponding point of the inverted image.102 The addition of the mirror and lens in the camera 

obscura proved to be beneficial for artists such as Leonardo da Vinci (1452-1519), Johannes 

Vermeer (1632-1675) and Bernardo Bellotto (1722-1780), who used the combination of the 

mirror and lens camera obscura to enhance the colours of the projected images, and aid in the 
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replication of painted artwork.103 The camera obscura to aid in the replication of artwork is 

similar to the Pointing Machine and bronze casting technology as it allows the artist to continue 

producing traditional themes with the addition of their own unique expression.  

 The camera obscura had been described as “une manière très-agréable et très-intéressante 

d’étudier la Nature,” which translates to “a very pleasant and interesting way to study nature,” 

and it should be “consulter très-souvent”, “consulted very often.”104 Those who did not 

appreciate the camera obscura the way artists did believed that the use of the device interrupted 

all communication with the external world, and concealed the user’s direct experience with 

nature.105 The camera obscura only produced a fixed frame of the scene in a dark room where the 

viewer also had to be and the scene was not easily modified, except by changing aperture, which 

limited the viewer to a focused area denying them the view of the surrounding scenery.106 The 

camera obscura, requiring a dark room in order to see the image was an example of technology 

that concealed natural forms and restricted our understanding of the world beyond the image 

projected. 

 The camera obscura became an outdated method and was replaced by photography in the 

19th century. Louis Jacques Mandé Daguerre (1787-1851), a diorama painter and theatre set 

designer from Paris is credited with the invention of the first practicable process of 

photography.107 He used the basic concept of the camera obscura and discovered a way to fix the 
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image obtained by combining the technology with light sensitive metal plates of silver-coated 

copper.108 The photographic phenomenon was praised by French, British and American 

practitioners, as well as by promoters and art critics who described photography as an 

“indispensable [resource and] a means of extending the powers of human observation.”109 While 

photography, in the world of art, provided detailed and realistic images directly from nature, it 

also became a way for Victorian scientists to see and explore the world.110 The photograph was a 

form of visual note taking, a tool of observation and an accurate and reliable means of 

documentation, and was championed by Charles Piazzi Smyth, an English astronomer, as a tool 

for astronomical, archaeological and natural history purposes.111 

 The photograph was considered to be the same as a traditional painting because they are 

both representations of space, time and form.112 Another similarity between the photograph and 

painting is the technical skills required to produce them. The process of photography requires the 

user to be patient in order to capture the moment they desire, they must know how to change the 

settings of the camera to capture precise details of a scene, and they must be pay attention to 

details to ensure the scene chosen is representative of their artistic expression. Critics of 

photography as an art, such as Charles Baudelaire, disagreed that a photograph and a painting 

were similar because the photograph being a product of a mechanical device lacked idealism and 

imagination, and did not require the same level of technical skill as painted art.113 As 

photography was praised for its ability to create exact replicas of scenes of nature, it did not 

reflect the creativity and imagination of an artists mind and because there could be no variation 
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in a photograph, it was not considered to be a form of art.114 Charles Baudelaire (1821-1867), a 

French poet and literary and art critic labelled photography as a “great industrial madness that 

had invaded art [that] threatened to ruin whatever might [have] remained divine in the French 

mind.”115 He continued to critique photography as “an ill-applied development… like all other 

purely material developments of progress [that has] contributed much to the impoverishment of 

the French artistic genius.”116 In agreement with Baudelaire, John Ruskin (1819-1900), an 

English artist, scientist, poet and philosopher stated that “art requires design or evidence of active 

intellect in choice and arrangement … [that is] replaceable by no mechanism.”117 

Baudelaire, while he criticized photography as a form of art, arguing that art cannot be 

produced by machine, gives credit to photography as a tool and aid in everything but art. He 

concludes that:  

If photography is allowed to supplement art in some of its functions, it will soon have 

supplanted or corrupted it altogether… It is time, then, for it to return to its true duty, 

which is to be the servant, like printing or shorthand, which have neither created no 

supplemented literature. Let it hasten to enrich tourist’s albums and restore to [their eyes] 

the precision which [their] memory may lack; let it even provide information to 

corroborate the astronomer’s hypotheses; in short, let it be the secretary and clerk of 

whoever needs an absolute factual exactitude in [human] profession. …Let it rescue from 

oblivion those tumbling ruins, those books, prints and manuscripts which time is 

devouring, precious things whose form is dissolving and which demand a place in the 

archives of our memory- it will be thanked and applauded. But it if it be allowed to 

encroach upon the domain of the impalpable and the imaginary, upon anything whose 

value depends solely upon the addition of something of a [human’s] soul, then it will be 

so much the worse for us.118 
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While Baudelaire denigrates photography as an art, he argues that is it not a useless invention 

and that it holds importance for other industries as a means of documentation. Lady Elizabeth 

Eastlake (1809-1893) agrees with Baudelaire on his claims that photography can aid in other 

industries as she described photographs as records of simple truth and precision.119 In the latter 

half of the 19th century, photography was redeemed as a form of art because the machine did not 

have the power to add or take away from the scenery pictured and had the ability to capture a 

moment in history as it was.120 

The photograph had always been a way to represent the lasting character of things and 

actions.121 Rudolf Arnheim argues that while both a painting and a picture convey messages of 

time and space, there is something intrinsically different about a photograph as it preserves a 

moment of spontaneity of action without modifying influences from the photographer.122 Roland 

Barthes further separates photography from the traditional painting as he argues that 

photographic images are nothing but a faithful copy of the object, and that any elaboration or 

interpretation is secondary.123 This exact copy of a moment in time allows the viewer to think 

critically about the subject represented. The question “where was this taken” leads us to be more 

concerned with the historical locus of the subject and why that specific subject was chosen to be 

photographed, allowing us to elicit different emotions than what we feel with a painting.124 This 

is not to say that photography diminishes the value of paintings because they evoke an alternate 
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way of thinking about the subject represented, instead the photograph brings into existence a new 

way of understanding the nature of being through artistic expression assisted by technology. 

History has a way of repeating itself and this is evident when the camera obscura, a 

technology that helped scientists understand the function of the human eye, was denigrated as a 

form of art because it restricted humans from seeing the world to its fullest potential.125 It is also 

evident with photography, a technology that has revolutionized documentation processes for 

multiple industries, also denigrated as a form of art because there was no sense of imagination or 

creativity in it as it only provided imitations of objects and scenes.126 These same negative 

connotations are projected onto 3D printing. This technology has been utilized in various 

industries to create prototypes or functional components for building and using but it can also be 

regarded as a form of documentation of objects and architecture. I will also argue that 3D 

printing is best seen as a form of art, and while 3D replicas face the same criticisms of 

photography such as lacking authenticity, imagination and creativity, it has the ability to elicit 

emotions and entices the user to think critically about the subject represented. In doing so, the 

user actively discovers a physical body beyond their own through tactile investigation because 

when the sense of touch and sight are combined, it creates a new form of cognition.127 

In the past, photography, and now 3D printing, have been rejected as art forms because of 

the results of their applications, but art does not solely lie in the final product, it is present in the 

production process too. Each production process for creating marble statues, bronze and plaster 

casts, the camera obscura, photography and 3D printing all display a representation of human 

thinking and artistic skill. This artistic display of the human mind, allows us to gain an 
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understanding of what it is to be human, compelling us to understand not just the representation 

of the subject, but also the representation of the artist and their willingness to share with the 

world their own artistic expression.128 All of these forms of art require the user to be precise, 

attentive to detail, and patient with the creation process. Each of these technologies requires 

human intervention, and although they were improved to reduce manual production and create 

more automated processes, human intervention is still present in these technological 

advancements. In 3D printing, the capturing and building of the model processes can be done 

automatically, but as demonstrated in my personal experiment with 3D printing, there is a 

significant amount of work involved such as the cleaning of the model to ensure it is fit to be 

printed. No matter how much this technology advances in the future, there will always be a need 

for human intervention. 

4.0 Experimenting with 3D Printing  

4.1 Methodology 

During the research process, I experimented with 3D printing to understand more about 

the technology, the steps to produce the final product, and to see how much manual work was 

involved to supplement the almost automated process. I printed a few objects in different 

materials, finishes, and sizes to compare the differences in model production from 3D printers. 

The two objects photographed, modelled and printed were a large marble Kantharos found in the 

baptistery at the ancient site of Stobi in the Republic of North Macedonia, and the other was a 

small wooden Buddha statue (Fig. 10 and 11). The first phase was to photograph the images 

using a camera or a laser scanner. Studies completed examine the differences in the capture 
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process of close-range photogrammetry using a DSLR camera, and professional grade laser 

scanning technology to determine which method is best used for more accurate and higher 

quality models. Francesco Fassi et al. compare laser scanning technology and imaged-based 

modelling, two methods used for architectural and archaeological surveying to investigate which 

is the superior method.129 A few similarities they noted between the two methods were that the 

hardware instrumentation is relatively user-friendly, they are both time-efficient methods that 

produce complete 3D virtual models, and they both provide the possibility to perform 3D 

measurements to extract 2D data and ortho-images.130 Fassi et al. then presented the differences 

between laser scanning and close-range photogrammetry. They noticed that the scanning 

instruments can be expensive, and can provide too much data that the processes to extract a 

manageable 3D model can become time consuming.131 On the other hand, photogrammetry is 

also seen as a relatively skill intensive, time consuming tool, as the 3D model is created by 

image matching between stereoscopic images.132  

Fassi et al. conducted an experiment to investigate the superior technology by surveying a 

complex of Roman thermal ruins discovered underground in Naples. They used two DSLR 

cameras with fixed focal lengths, a Canon EOS 5D Mark II and a Canon EOS 5D Mark III 

equipped with a full-frame sensor of 21 and 22.3 megapixels, and the HDS7000 Leica 

Geosystems laser scanner.133 The results determined that image-based modelling was a low cost 

and flexible method that produced accurate results, but in order to extract high-resolution 
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models, the processing time became extremely long due to the image matching software.134 In 

this method, depending on the complexity of the model, powerful hardware with a graphics card 

may be required to support the image matching process, which creates additional costs.135 Due to 

this processing issue, laser scanning was concluded to be the best technology in providing full 

resolution scans.136 This method was proven to be faster in terms of capturing and processing 

data, it is more flexible as it can be used for close-range, aerial, professional and amateur 

scanning, and it is robust and reliable.137  

For the purpose of my experiment, close-range photogrammetry was the method of 

choice using a Canon EOS 5D Mark III mounted on a tripod and paired with an automatic 

turntable to capture the object on all sides and at different angles. The 3D model was then built 

by matching points of interest in stereoscopic images. For close-range photogrammetry there are 

two ways to photograph an object in order to build a 3D model, moving the camera, typically 

used for large objects or aerial photos, or keeping the camera stationary while the object moves, 

typically on a turntable. In the former method, the camera captures new features that allow the 

software to create new points of interest that can be matched to stitch the photos together. In the 

latter method, the stationary camera captures the rotating object but it also captures the same 

background. If the same image matching process for larger objects or aerial photos is used to 

create a model with a stationary camera, the image matching software will continuously match 

the same points of interest in the background and would be unable to create a 3D model. To 

solve this issue, a plain white background was chosen, and an f-stop of f/11 paired with a macro 

lens with a focal length of 100 millimeters was used to create a sharp focus on the object while 
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blurring the background. This is the principle of depth of field (DOF) determined by the aperture 

size, the distance of the object from the camera lens, and the focal length of the lens. In this 

experiment the DOF was shallow meaning the background was blurred which helped to remove 

the background from the model in the next phase of processing. 

4.2 Analysis 

After the photos were taken, the images underwent a pre-processing step. Using Adobe 

Photoshop, the option “focus selection” was used to highlight the object in focus and 

automatically remove the blurred white background for all images. After the image pre-

processing stage, the 3D models were created using two programs, AgiSoft PhotoScan and 

RealityCapture, which are professional grade programs that offer high accuracy results. 

PhotoScan is a commercial product developed by Agisoft® that is commonly used for 

archaeological and topographical mapping purposes.138 This software is an easy to use suite that 

allows the user to create 3D models automatically and quickly.139 The main benefit to this 

program is the ability to orient a large amount of high-resolution images that can be created in 

separate “Chunks” that can be aligned and merged later.140 In comparison, RealityCapture is 

similar to PhotoScan in that it is an easy to use software, and it can create 3D models 

automatically and quickly. When compared to PhotoScan, as demonstrated in a study by 

Grzegorz Gabara and Piotr Sawicki, RealityCapture generated 3D models faster and of higher 

quality and precision.141 Unlike PhotoScan, the recent update to the RealityCapture software, 
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completed in 2018, allows the user to edit the mesh in the program without having to use 

external software.142 For these reasons, I chose to use RealityCapture to create the 3D models. 

For the cleaning process, the programs used were MeshLab, Autodesk Netfabb, Blender 

and Meshmixer. The programs that were easily navigable and provided the best results in terms 

of cleaning was Autodesk Netfabb and MeshLab. Both programs allowed me to view the 

triangular irregular networks (TIN) or mesh, a representation of the surface morphology 

constructed by triangulating a set of points or nodes with edges that meet only one other edge to 

form a contiguous triangular mesh.143 Each program allowed me to look at the details of the 

mesh and identify long thin triangles and non-manifold edges. Long thin triangles create 

undesired circumstances for analyzing the TIN because they do not conform to the triangulation 

standards of the Delaunay criterion. The criterion recommends that a line segment should be 

equidistant from each of the three nodes that form a triangle in the mesh to create a conforming 

triangulation as opposed to a constrained triangulation.144 A constrained Delaunay triangulation 

creates inconsistencies in the triangular mesh my forcing certain segments of the mesh into 

triangulation, which does not satisfy the Delaunay criterion as it creates a rough surface of the 

model. Other inconsistencies that do not conform to the Delaunay criterion are non-manifold 

surfaces, which are defined as the connection of several surface pieces along their edges such as 

T-joints, and cause unwanted creases and extra faces in the mesh (Fig. 12).145 I used Meshlab 
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mainly to locate non-manifold surfaces, as the program would highlight in red non-manifold 

vertices and edges. Although locating the non-manifold edges and vertices was done 

automatically, I used Autodesk Netfabb to remove these defects manually because it was easier 

to select faces to delete and re-mesh the object. In each program, it gave me the statistics on the 

points and faces of the model, which is important to review before printing as all printing 

companies suggest that models have a few million or less nodes as the higher the number of 

vertices and edges, the longer it will take to process and print the final model.146 Printing 

companies also provide a set of guidelines to ensure the model can be printed. The main 

requirement is that the model is watertight which means that there are no non-manifold vertices 

or edges present in the TIN that could cause water to leak through the mesh. During the cleaning 

process, all non-manifold vertices and edges must be removed and re-meshed to follow the 

criterion of a conformed Delaunay triangulation. If non-manifold surfaces are present in the 

model, the object will not be printed. 

After the non-manifold surfaces were removed, I used Blender, a program mainly used 

for animations and building 3D models from scratch, to insert meshes into my models to fix and 

close defects in the mesh that could not be done using MeshLab or AutoDesk Netfabb. I used 

Blender to fix two parts of the Kantharos model that had been excluded during the photography 

process due to geometric changes in the shape of the object and the relative positioning of the 

camera.147 The marble Kantharos, a vessel commonly associated with garden fountains or for 

Christian baptism ceremonies, has a drainage hole at the bottom of the body that releases the 
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water from within the vessel.148 During the photography process, the hole in the Kantharos was 

not properly captured because the hole is situated at an angle at the bottom of the Kantharos and 

has a curved pathway through the vessel (Fig. 13). It is difficult to angle the camera to capture 

the curve in the pathway, a fact that results in a closed hole when building the 3D model. Using 

Blender, I was able to attach a cylinder mesh to the inside of the Kantharos that allowed the hole 

to go all the way through (Fig. 14). When the Kantharos was printed, it was able to retain the 

same function as the original object. Blender was also used to create a solid bottom that would 

allow the object to stand upright. During the photography process, it was difficult to manoeuvre 

the Kantharos upside down to capture images of the base because of its size, weight and fragility. 

These issues must be dealt with before the printing process and Blender provides an easy to use 

solution for inserting meshes of different shapes that can solve issues of information loss during 

the photography process, as seen in the case of the Kantharos and the drainage hole. I then used 

Meshmixer to smooth out the bottom surfaces and used the bubble tool along the edges to 

smooth the sharp crease from the vertical face to the bottom and create a rounded and more 

gradual transition from face to bottom surface.  

Once the models were cleaned, the next task before being sent to the printer was to make 

sure the model met the requirements outlined by the printing company. In the case of this 

experiment, I used Shapeways specifically because they offered ceramic and sandstone 

materials. I had sent the designs for the Buddha and Kantahros to be printed in both full-coloured 

sandstone and white porcelain using the technique of SLA. Before sending the designs, I had to 

ensure the objects met the standards of printing provided in the material specific guidelines on 
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the Shapeways website. The guidelines for printing in sandstone indicate the minimum and 

maximum size of the model, being within a bounding box greater than 10x10x10 millimeters and 

no larger than a 250x380x200 millimeter bounding box.149 Shapeways also advises a minimum 

of 2 millimeters thickness of the walls, as thinner walls are prone to warping or breaking during 

printing and cleaning processes due to its fragility.150 If printing a hollow model with thin walls, 

Shapeways suggests using interior supports, similar to the supports in the lost wax process that 

held the inner clay mould to the outer mantle, to ensure the stability of the walls during the 

printing process. Shapeways also recommends, when printing in full colour sandstone, a texture, 

also known as the colour of the model, be present as printing in sandstone is commonly used for 

printing figurines, decorative objects, and prototypes. Unfortunately, the specific guidelines for 

printing in porcelain are not available on the website as they discontinued printing in ceramic 

immediately after printing my design.  

4.3 Results 

The results of the prints were quite fascinating. I printed three objects total: a small scale 

Kantharos about 8 centimeters in height in full colour sandstone with a glossy finish, a maximum 

scaled Kantharos about 30 centimeters in height in plain white porcelain that was printed as a gift 

to the conservators of the archaeological site of Stobi in the Republic of North Macedonia, and a 

mid-scaled Buddha figure about 12 centimeters in height in full colour sandstone with no finish 

(Fig. 15). It took about 4-6 weeks to complete the whole process from photography to printing. 

The reason I printed the objects in full-colour sandstone and ceramic was to create replicas in a 

material as close as possible to the original objects. By avoiding the use of plastic to create the 
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replicas, I was able to recreate an authentic weight of the object as sandstone and ceramic are 

both heavier materials than plastic. When I printed the objects, they were not to scale and thus 

the density of the sandstone and ceramic materials has the potential to compensate for the 

reduced scale meaning that when compared to the original object the weight of the replica 

manipulates our brain into thinking it matches the size of the printed object. The texture and 

weight of the material allow the user to become aware of an object that goes beyond the human 

body allowing the user to investigate the tactile properties of the object.151 

 From my experiences, I have concluded that 3D printing is a craft and requires extensive 

human intervention and patience. While there are options to automate the photography process, 

setting up the equipment, ensuring the angles of the lights and camera are correct, and 

repositioning the camera as needed, all require some sort of human involvement. The building of 

the object can be done automatically as well, but in the cleaning phase, removing non-manifold 

surfaces, smoothing specific areas in the model, and inserting meshes into a model require the 

precision of a human. For example, during the cleaning process, identifying non-manifold 

surfaces is difficult as they look like regular faces in the mesh, and require the attention of a 

human. It is an art form, similar to sculpting and painting, where it requires artisanal precision 

and attention to the smallest of details. Human intervention is not limited to the manual labour 

involved in the production of a 3D object, but is also a part of the selection of a subject matter. 

As seen in creating marble sculptures, bronze casts, paintings with the camera obscura, 

photographs and 3D objects, all subjects were chosen by a human for the purpose of sharing that 

subject with the world. This is a human characteristic where we feel the need to share our 

experiences, our memories or things we find fascinating by presenting images or objects to 
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others. No matter how far we advance in this technology, there will always be a need for human 

involvement because when we use this technology, we are using it to educate others to help them 

understand the world through haptic experiences. 3D modelling and printing should be viewed 

more as a craft, similar to photography, that allows us to share our experiences, instead of a 

quick and efficient way to produce 3D products.  

5.0 Ethics of 3D Printing  

 3D printing was originally used as an industrial method of production. For manufacturing 

purposes, efficiency was the key to this technology, meaning manufacturers cared only for the 

rapid production of parts. This use of 3D printing for industry is beneficial, but when we use the 

industrial idea of 3D printing for cultural heritage, we reduce cultural heritage to a standing-

reserve. A simple explanation of the standing-reserve is replacing a lightbulb. When it is burnt 

out, it is replaced by a new lightbulb, but because we live in an era where we strive for 

efficiency, we might choose a lightbulb that lasts longer and shines brighter. This new lightbulb 

is an improvement that replaces the traditional Edison lightbulb while still serving the same 

function. When industrial 3D printing is used for cultural heritage, we reduce artifacts and 

monuments to something that can be replicated, printed and distributed as if we are selling these 

objects in a museum gift shop.  

 This mode of thinking, as mentioned previously, is calculative thinking, where we move 

from one prospect to the next because we have specific goals to meet.152 There is a danger to 

calculative thinking when it comes to cultural heritage because our goal-oriented mentality 

compels us to push on blindly with technology and has caused us to lose sense of the 
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technological understanding of being.153 This means that we have forgotten the true essence of 

technology as poiēsis, a revealing, and praise it as a saving power.154 According to Heidegger, 

the definition of “to save” means “to emancipate, to free, to spare,…to harbour protectingly, to 

take under ones care and keep safe.”155 When we label technology as the saving power, we press 

on past this definition of “to save” and we think “it means only to seize hold of a thing 

threatened by ruin in order to secure it in its former continuance.”156 This thought is dangerous 

because as soon as we rely on technology to save the things around us, we lose a sense of 

technological understanding as it restricts our way of thinking.157 While we reduce everything to 

a standing-reserve, we are in turn reducing ourselves to standing-reserves, as we submit 

ourselves to the grip of technology as a saving power. 

In our compulsion to push on blindly with 3D printing technology in attempts to “save” 

cultural heritage, we neglect the ethics of its application.158 Ethics in this paper is defined as the 

moral decisions and meaning behind printing full-scale 3D reconstructions of lost cultural 

heritage monuments. Ethics mainly concern the political uses of the representation and 

interpretation of cultural heritage by funders and project movers.159 Many of these companies 

and external funders are from North America and Europe who develop these projects in their 

own image in attempt to represent a culture that is not their own.160 These Western companies 

see sites threatened by ruin as defective and in need of saving, and as a result, they are accused 
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of neglecting the history of these areas and resurrecting monuments that are aesthetically 

appealing for what they believe best represents the cultural history of certain areas. For example, 

they will focus on the ancient culture of the sites and neglect the important history that came 

after.161 These reconstructed monuments then become more representative of the companies who 

create them, and as a result, this diminishes the historical authenticity of the original monument 

to the country of origin. Authenticity, in this sense, is defined as the genuine and real object or 

monument that represents a specific region, the cultural production involved, such as obtaining 

materials through mining or trade, the local craft and artisanship, such as the design specific to 

the areas and what the designs represent, and the significance of the object or monument to 

different points in history.162 3D printing companies have also been accused of wasting money to 

create replicas of lost cultural heritage monuments in attempts to display their advanced Western 

technology. Emma Cunliffe argues that the prioritization of time and funding to reconstruct these 

monuments should be spent elsewhere to aid refugees and victims of conflict directly, by 

providing the basic human necessities of shelter, food, and water.163 Using funding to 3D 

reconstruct heritage monuments might restore a sense of dignity to those suffering loss, but they 

do not provide any sort of aid, and more or less, act as a reminder of the trauma caused by 

destruction.164 

 These ethical concerns can be mitigated if funders and project companies follow a few 

essential moral principles. Roshni Khunti states in her article “The Problems with Printing 
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Palmyra: Exploring the Ethics of Using 3D Printing Technology to Reconstruct Heritage,” that 

“3D printing technology should obey the basic ethical principles applied to preservation and 

presentation.”165 With a 3D reconstruction, there must always be some sort of honest account of 

its historical presence, describing not only what the public is seeing and experiencing, but also, 

how the monumental symbol defines the past and present. Secondly, there must be a sense of 

ownership and rights to the heritage that ensures that the public will have access to this 

information. Lastly, all relevant parties must be involved in the decision to recreate a monument 

as it pertains to their cultural heritage.166 When the application of 3D printing abides by the 

moral principles of ethics, we can begin to recognize the technological understanding of being 

for its historical significance.167 In this paper, the technological understanding of being is not 

how 3D printing can be used to preserve cultural heritage, but instead how it can be used to 

recover a haptic understanding of history. When 3D printing technology is used as a tool to save 

and preserve cultural heritage, ethics are often neglected as seen in the case of the reconstruction 

of the Bamiyan Buddhas and in the full-scale 3D printed replica of the Triumphal Arch of 

Palmyra.  

6.0 Reconstruction of the Bamiyan Buddhas 

The Bamyian Buddhas were considered the first series of colossal cult images in 

Buddhist art that were carved into a cliff face overlooking the Bamiyan Valley in North Eastern 

Afghanistan.168 They were constructed under the control of the Kushan Dynasty between the 1st 
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century and 3rd century CE.169 They were carved in the Gandhara art style, which is an Indian 

Buddhist style with influences from Greco-Roman cultures.170 The largest statue stands at a 

height of 53 metres and represents Vairocana, translated as “the light shinning throughout the 

universe”, whereas the smaller statue measures 38 metres in height and represents Shakyamuni, 

better known as the Gautama Buddha, the founder of Buddhism. In March of 2001, the Buddhas 

were completely demolished by the Taliban forces. The political statement was believed to be an 

act of “cultural terrorism”, what most foreign governments and cultural institutions labelled as a 

crime against the cultural value and history of the area.171  

The Swiss Federal Institute of Technology in Zurich, also known as the Eidgenössische 

Technische Hochschule (ETH) in German, volunteered to perform a computer reconstruction of 

the large Buddha. The purpose of the experiment was to explore how accurate they could 

reconstruct the large Buddha using three different sets of images.172 They used images retrieved 

from the Internet, touristic images taken by Harald Baumgartner who visited the Bamiyan Valley 

between 1965 and 1967, and metric images that had indication of interior and exterior orientation 

acquired in Bamiyan in 1970 by Professor Kostka of the Technical University of Graz.173 The 

main purpose of using images from the Internet and touristic images was to test the new 

matching algorithm developed by the Institute of Geodesy and Photogrammetry at ETH 

Zürich.174 The software package created matches points of interest in each photo by 

incorporating geometrically constrained parameters such as sensor orientation, the distance 
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between the object and camera.175 After testing the software with the images taken from the 

Internet and provided by a tourist, the researchers used the software to build a 3D model using 

the metric images.176  

To test the ability of the newly developed matching algorithm, the researchers used four 

images taken from the Internet, two of the front of the Buddha, one from the left, and one from 

the right. The four images chosen were different in size and scale, had unknown pixel sizes, 

varying illumination conditions, and because the photos were taken at different times there were 

inconsistencies in the photos that caused disruptions in the automatic image matching process.177 

The touristic images provided by Harald Baumgartner, were taken with an Asahi Pentax camera 

and then scanned. Of the twelve images acquired, only four were selected for processing.178 

Similar to the images from the internet, the touristic photos had an issue with varying 

illumination conditions, which affected the automatic image matching process. The 3D model 

produced from the images taken from the Internet had a few missing areas as a result of the 

surface changes caused by the different times of image acquisition, and due to poor illumination, 

the model had a low texture in some areas resulting in a simplification in small details.179 The 

model created using the tourist photos was similar to the previous model with the Internet images 

but the low image resolution of the tourist photos created a grainy look to the overall model.180 

The main purpose of building these models was to test the ability of the image matching software 

before they created a model using the metric images. 
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After testing the software, the researchers created a 3D model of the large Buddha using 

the metric photos. The photos were taken with a Terrestrische Ausrüstung Finsterwalder (TAF), 

a phototheodolite camera that acquires images on 13x18 centimeter glass plates.181 The metric 

images had a determined principal point defined by the intersection of the straight lines joining 

two fiducial marks located on the sides of the images.182 The focal length of the camera was 

160.29 millimeters, and the distance from the statue was 130-150 metres.183 Professor Kostka 

also provided a contour plot with information on the acquisition geometry and the angle the 

images were taken from.184 This allowed the researchers to manually measure approximate 

control points to aid the in building process.185 Using the metric images the researchers were able 

to create a reliable and detailed 3D reconstruction with an accuracy of 1 to 2 centimeters in 

relative position and an object resolution of about 5 centimeters (Fig. 16).186 The use of control 

points helped to create a good 3D model but because some of the control points covered small 

parts of the images, it created holes in the final model.187 Some of the finer details, for example, 

the folds of the robe and other details were also missing due to the image matching software but 

was solved by using manual measurements to reconstruct the folds in the robe and manipulate 

smaller details of the statue in order to provide a complete 3D model for future physical 

reconstruction.188  

Despite the missing details and the low texture of the models, the ETH regarded their 

experiment as highly successful. Using the model created with metric images, R. Zanini and J. 
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Wirth of the Institute of Machine Tool and Production in Zurich, printed a 1:200 model statue 

(approximately 25 centimetres in height) in polyurethane using a Starrag NF100 milling 

machine, where it was then displayed in the Afghanistan Museum-in-Exile in Bubendorf 

Switzerland.189 These 3D models and printed statue will be used to study materials and 

construction techniques to be applied in the final rebuilding of the large Buddha in full scale.190  

The modelling of the large Buddha follows some of Khunti’s basic principles of ethical 

application. The small-scale reproduction of the large Buddha placed in the Afghanistan 

Museum-in-Exile in Switzerland represents, among thousands of recovered artifacts from the 

region, the past, present, and potential future of the monuments and artifacts of the Bamiyan 

Valley. The Buddha project was considered a scientific reconstruction, so there are multiple 

published reports completed by Armin Grün et al. to describe the systematic process of the 

reconstruction, the method, analysis and outcomes in detail, ensuring the public has access to this 

information. Lastly, before the experiment was conducted, an international conference in May 

2002 involving the Afghanistan Government, UNESCO and Paul Bucherer-Dietschi, an advocate 

of Afghanistan who helped to find a safe-haven museum in Switzerland for cultural items of 

Afghanistan, was held to discuss an agreement on conservation and preservation plans for the 

artifacts and monuments damaged or looted by the Taliban.191 Bucherer-Dietschi argued on 

behalf of the Afghani Villagers, that the Buddhas should be rebuilt, but the issue with this is that 

a foreign advocate is influencing decisions and arguing for what should be done in a zone of 

conflict.192 Ethically, this is unsettling because Bucherer-Diestschi insisting on the reconstruction 

of the Bamiyan Buddhas seems to be a personal desire as opposed to a request of the Afghani 
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people. During the meeting in 2002, the consensus of the archaeologists, conservators, Ministers 

of Culture and UNESCO officials was to halt reconstruction projects because it was not a 

priority, and that they should instead rebuild the Kabul Museum, and collect artifacts and 

materials for analysis and documentation first.193 While these actions mitigate a few ethical 

concerns regarding 3D printing for cultural heritage, there are other factors, both cultural and 

political, that are not addressed in full. 

Western organizations using 3D printing technology strive to achieve a replica that 

resembles the original. The main ethical issue of this is that the 3D replica conveys erroneous 

information and misleads the public into thinking that they are seeing an original and authentic 

artifact or monument.194 This is problematic as it conceals the effects of time and destruction 

caused by war or natural disasters, and compels the public to think differently about the history 

of the monument.195 Other ethics of its application concern the authenticity of the original object 

being compromised by the 3D replica, for example the material used to create the original object. 

The Buddhas were not built with materials gathered or traded, but were instead carved in a niche 

in the cliff face of the Valley. The most common assumption of their construction is the top-

down method where sculptors would carve the design, with chisel and hammer, starting from the 

top and working their way down. On each side of the niches where the Buddhas stand are slots, 

which are thought to have been used to support scaffolding.196 Another unique characteristic of 

the carving of the Buddhas is that their backs were attached to the wall while their head and legs 

were carved completely away from the wall. This allowed people to participate in the Buddhist 
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ritual of circumambulation, the act of walking around the sculptures for worshipping purposes.197 

Carving in general articulates forms by separating the subject from the background in order to 

emphasize the subject represented.198 By using 3D printing to reconstruct the Bamiyan Buddhas, 

the unique and traditional top-down carving method is forgotten, and the authenticity of cultural 

production becomes diminished. 

Aside from the ethical concerns about the cultural production and the authenticity of the 

monument, reconstructing the Bamiyan Buddhas in their original context can cause political 

issues. The Bamiyan Buddhas destroyed by Taliban forces in 2001 was an act of iconoclasm, the 

religious belief that human images are forbidden and must be destroyed.199 The erasure of these 

images was because the cultural significance of the Buddhas were not representative of the 

Taliban’s ideals, and by destroying them, the Taliban could build their own cultural beliefs in the 

area.200 Reports from journalist Ahmed Rashid also suggest that the Taliban destroyed the 

Buddhas in reaction to Western involvement within the area. The Taliban promptly destroyed 

artifacts held in the Kabul Museum that had been recovered by international organizations, and 

shut down Western funded hospitals and healthcare stations built to aid the locals who were 

suffering disease and starvation.201 It seemed more that the Taliban wanted to rid the area of 

Western aid, and remove any external cultural influences in order to impose their own ideals. By 

using technology to reconstruct these monuments in their original context, Western organizations 

are putting the local people of Bamiyan at risk of further danger and destruction by resurrecting 

                                                             
197 Morgan, 4. 
198 Jülide Aker. “Workmanship as Ideological Tool in the Monumental Hunt Reliefs of Assurbanipal.” Ancient Near 

Eastern Art in Context (Leiden: Koninklijke Brill NV, 2007), 230. 
199 Finbarr Barry Flood. “Between Cult and Culture: Bamiyan, Islamic Iconoclasm, and the Museum.” The Art 

Bulletin 84, no. 4 (2002): 641. 
200 Morgan, 18. 
201 Morgan, 19. 



  
 

47 
 

icons of Buddhism in a place that had been previously targeted because of its cultural icons. This 

is problematic because as soon as we apply 3D printing technology to resurrect cultural heritage 

monuments that have been destroyed on purpose, we become stuck in an endless cycle of 

destruction and resurrection. This cycle forces us to think that whatever is destroyed can be 

rebuilt over and over again, reducing cultural heritage to a standing-reserve, or something that 

can be continuously reproduced. Cultural heritage is irreducible, and if this mentality of 3D 

printing persists, we are not only reducing cultural heritage to a standing-reserve, but we are 

concealing the historical significance of the object as it stood throughout time. 

 Plans to reconstruct the Bamiyan Buddhas have been halted until further discussion, 

ensuring that top priority projects are complete such as the preservation of the niches containing 

artwork located on the cliff face around the sculptures, and that artifacts are analyzed, 

documented and stored properly. The project has also been halted due to the political unrest that 

threatens further destruction within the region. While reconstruction plans are halted, the 

Buddhas have been re-imagined by using 3D light projection systems gifted by a Chinese donor. 

Every night the crevice, where the large Buddha was carved, is lit up by a 3D projection creating 

a spectacle in the middle of the valley, but also allowing visitors and locals to see what used to 

be present before the destruction (Fig. 17). By day, the projection is removed revealing the 

horrific image caused by political unrest and destruction. This technology does not conceal the 

historical understanding of the Buddha because it allows locals and visitors to perceive the 

historical monument from past to present, allowing them to gain a sense of understanding of its 

being throughout history.202 Following Heidegger’s description of technē, this use of technology 

brings-forth a revealing “yielding to the holding-sway and the safekeeping of truth”, or as argued 
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by Dreyfus, allows us to gain a free relation to its historical significance, which Heidegger 

claims is the original purpose of technology.203 

7.0 3D Printing the Triumphal Arch of Palmyra 

Another case of misusing 3D printing technology for cultural heritage is seen in the 

reconstruction of the Triumphal Arch of Palmyra. The full-scale 3D printed replica of the 

Triumphal Arch of Palmyra is receiving a fair amount of publicity as a resurrected historical 

monument. From past to present, the arch has held a multitude of importance as a celebrated 

symbol for the ancient city, and an architectural wonder to locals and visitors of the oasis. The 

arch was built during the beginning of the 3rd century CE under the reign of the Roman Emperor 

Septimius Severus who erected the arch in limestone just after his victory over the Parthians.204 

The arch was a gift to the city as a reminder of his triumphal conquest.205 The arch was also built 

during what was considered the apogee of Palmyra’s prosperity as a trading centre, and using the 

resources and wealth obtained through trade, the city was able to focus more on civic 

development and improvement.206 The arch is also known as the Triumphal Arch or Monumental 

Gate as it stood at the southeastern entrance of the city leading into the Grand Colonnade, which 

was the main street that led to the markets, civic buildings, and the Temple of Bel.207 Flanking 

the central gate were smaller arches on either side, built to control the traffic of people entering 

and exiting the city.208  
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 Palmyra was a source of inspiration to Western artists, a popular tourist destination and 

above all a powerful oasis in the midst of the desert of Syria. Unfortunately, in 2015, ISIS seized 

control over Palmyra and destroyed the ancient Roman ruins including the Triumphal Arch, the 

Temple of Bel, other monumental landmarks and the museum that held precious artifacts 

discovered within the city.209 Shortly after this destruction, the Institute of Digital Archaeology 

(IDA), an organization dedicated to using digital imaging, 3D printing, and robotic carving 

techniques for cataloguing, conserving, and reconstructing heritage materials, alongside 

UNESCO, the UN, and Dubai Future Foundation, decided to reconstruct the Triumphal Arch 

using a computer-based 3D rendering of the arch and a 3D milling machine to print a full-scale 

replica.210 Similar to the experiment of the Bamiyan Buddhas, the IDA used photos taken by 

archaeologists and tourists prior to the destruction to photogrammetrically reconstruct an almost 

exact replica of the Triumphal Arch.211  

The 3D model of the central arch was printed by a partner company of the IDA TorArt 

located in Carrara Italy, where they used a seven axis mechanical arm to carve the central arch 

out of Egyptian marble.212 The printed monument was erected in Trafalgar Square in London, 

Times Square in New York, in front of the Capital Building in Washington D.C. and at the 

World Government Summit in Dubai (Fig. 18). According to the mission statement of the IDA, 

the purpose of erecting the monument in various areas around the world was to promote peace 

and preservation of cultural heritage monuments.213 As the arch traveled to the different cities, 

                                                             
209 Khunti, 1. 
210 “Recent Activities and Events: What We Do.” The Institute for Digital Technology online, last modified 2019, 

http://digitalarchaeology.org.uk/our-purpose. 
211 Fabrizio Galeazzi. “3D Virtual Replicas and Simulations of the Past: Real or Fake Representations?” Current 

Anthropology 59, no. 2 (2018): 12. 
212 “Building the Arch.” The Institute for Digital Technology online, last modified 2019, 

http://digitalarchaeology.org.uk/building-the-arch. 
213 “Building the Arch.” 



  
 

50 
 

people gathered in awe at the reconstruction, some agreeing that the IDA had restored the dignity 

of the Syrian people by recreating this monumental symbol, while the majority did not.214 The 

project director, Roger Michel, stated that the IDA is working to create physical “reconstructions 

of lost monuments of the Middle East out of respect for the history and heritage these objects 

represent.”215 The 3D printing of the arch was said to be a response to the suffering in Syria and 

a statement of defiance against ISIS, but the arch quickly became a controversial topic. Roger 

Michel stated that his “intention… was to show [the] Islamic State that anything they can blow 

up… can [be rebuilt] exactly as it was before… [using this] technology to disempower ISIS.”216 

The public criticized this statement public because it made Western powers such as the USA and 

Britain look innocent in the midst of the Civil Syrian War, but this is not completely true. In 

2014, the US Air Force was exposed for providing indirect support to the Shi’i militias and 

Iranian advisers in Iraq to help them fight against ISIS in Iraq and Syria.217 Critics accused the 

IDA of helping larger powers, mainly the USA and Britain, cover up this kind of involvement in 

the Syrian War by creating a monument that held a deep meaning for those affected, making 

them look as if they were the protagonists. 

 In attempts to cover up Western involvement in the turmoil of the Middle East, using 3D 

printing technology as a quick way to reconstruct and re-erect the Triumphal Arch caused an 

uproar about its authenticity by those who stand against full-scale reconstructions of cultural 

heritage monuments. Kay Kohlmeyer, a German archaeologist, stated that the “so-called replica 
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had nothing to do with the original” and that it was built using a westernized idea of cultural 

heritage preservation with western technology.218 People started to agree with Kohlmeyer’s 

statement and proceeded to criticize both the various physical attributes of the reconstruction and 

the Western companies’ true motives in re-creating the monument. Critics noticed that the 

capital’s details were simplified and proceeded to blame both the IDA for neglecting the intricate 

designs, but also the technology, arguing that using 3D printing technology neglected the 

Roman-Palmyrene culture of creation and caused the monument to lose a sense of historical 

meaning.219 Others noted that the reconstruction was 2/3 the size of the original in Palmyra, and 

the colour was different as the material used to construct the replica of the arch was marble 

quarried in Egypt rather than the local limestone material from Syria.220 Another issue was that 

while the original central arch contained the most detail, Western companies chose to remove the 

flanking arches and present the central arch alone. This idea of the Western image has been seen 

before in the illustrations provided in Robert Wood’s book The Ruins of Palmyra published in 

1753. The book contains information about the site and architecture, as well as drawings and 

engravings to introduce the site to the West.221 The issue with the drawings published in his book 

was that the artists deliberately and openly visually edited the site in order to present a place that 

was aesthetically ordered, and made decisions over what was considered important and worthy 

of illustration.222 These illustrations compared to the decision to reconstruct the central arch 

alone, reduces the authenticity of the original monument to an object of Western creation. 
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The issues of scale, colour, and missing details are all technological problems and 

because 3D printing technology is new, it can always be advanced to provide a better result. The 

IDA could simply rescale the model on the computer, they could correct the colour by using 

different materials to carve into, and they could use more images to get a better sense of the finer 

details that are simplified or missing. Even if the IDA did do all of this, the argument of 

authenticity still would not change. Technology in this sense seems to be an efficient solution to 

fix these issues, but it becomes un-autonomous, meaning it is unable to act in accordance with its 

moral principles.223 Authenticity, according to Heidegger, is the recognition of historical 

understanding and value by dissociating the technological understanding of being from the 

technological device.224 When we do this, we can see that although we label everything and 

ourselves as the standing-reserve, we are not tied to this idea because there are other options, but 

when we neglect this ideal, we limit ourselves to one goal, efficiency.225  

Similar to the Bamiyan Buddhas, the authenticity of the monument stems from the 

cultural production such as the local craft and artisanship who mixed elements of Roman and 

Palmyrene styles in the decorations, the methods of obtaining materials to build the structure, 

and the mathematics and planning involved to emphasize the grandeur of the city. The 

authenticity of the arch also stems from its historical significance as a monumental structure to 

commemorate the victory of the Roman Emperor Septimius Severus. If the 3D replica of the 

Triumphal Arch is erected in Palmyra, the significance of the 3D replica will have no attachment 

to the history of the original monument, and it will instead represent a triumph of Western 

culture and technology. In addition to neglecting the authenticity of the arch, the IDA and other 
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organizations involved in the process of funding and building the reconstruction neglected the 

essential ideals outlined by Khunti previously stated. During the unveiling ceremonies in the US, 

London and Dubai, there were no plaques or posters that explained the significance of the 3D 

printed arch, which had completely decontextualized it.226 As a result of the failure to 

communicate the significance of the reconstruction as an act of solidarity and defiance, some of 

the public had misappropriated the reconstruction as a novel experience and denied that it was a 

true reconstruction of the historical arch and claimed that it was a new monument altogether.227  

The reconstruction erected in London, New York and Dubai actually limited accessibility 

to the intended audience, the Syrian people, and they felt as though they could not access their 

own heritage. The majority of the places the monument was erected were Western countries, 

with the exception of Dubai, which are all known to have accepted relatively few Syria refugees. 

For example, of the 5 million and growing Syrian refugees, America has accepted at least 10,000 

per year, which measured against resettlement programs of Turkey, Lebanon and Jordan, 

America’s efforts are significantly weaker.228 The IDA also failed to make the data of the 

reconstruction available online, a fact that further distanced the Syrian people from accessing the 

monument said to be reconstructed for them.229 In doing so, the IDA has been accused of digital 

colonization by seizing control of this historical monument, without giving the intended audience 

access to it. In attempt to replicate the Arch of Palmyra the IDA neglected the key principles of 

authenticity and ethics, and as a result presented the arch more as a “Disney fabrication” of 
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Syrian heritage, something presented more as a theme park attraction rather than a symbol of 

Palmyra.230 

 According to Heidegger, we think “technology as a saving power is a means to seize hold 

of a thing threatened by ruin in order to secure it in its former continuance.”231 In many cases 

around the world, cultural heritage monuments and artifacts are being destroyed either through 

the presence of war and destruction, natural disasters, or even with high volumes of tourist 

activity, resulting in a slow deterioration of heritage sites. The ETH in Zurich and the IDA 

amongst others are using 3D digitizing technology as a way to document sites threatened by ruin 

in attempt to preserve what is being destroyed or what could be destroyed in the future. The 

Million Image Database is an initiative started by the IDA and its partners, the Dubai Future 

Foundation, UNESCO, and other cultural institutions, that send volunteer photographers to 

various heritage sites to document them using 3D digitizing kits provided by the organization.232 

The cameras provided record stereoscopic images that are then automatically uploaded to the 

projects website that can be used for research, heritage appreciation, educational purposes and 

building 3D replicas.233 Organizations are being proactive and documenting cultural heritage 

monuments and artifacts in case they are destroyed, which can happen at any time, in any 

manner. Alternatively, the consequences of such a practice endanger many lives as 

photographers, usually local and regional volunteer activists, are sent to conflict zones to capture 

data of heritage sites that are under potential threat of destruction.234 While the cultural heritage 
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sites might be “saved” with the images and data taken, many lives are sacrificed, creating an 

unethical approach to documenting cultural heritage. 

Another way the IDA could potentially endanger more lives is with their proposal to erect 

the Triumphal Arch back in its original context in Syria. This in return might provoke a further 

act of terror from ISIS, where the IDA would be held responsible for endangering the Syrian 

people further, as has happened before with the “liberation” of Palmyra by the Syrian Army 

supported by the Russians. On March 27th 2016, the Syrian army captured the city and liberated 

it from the Daesh, a local nickname for ISIS, and celebrated their success by having a Russian 

orchestra play in the theatre in Palmyra.235 This gesture advertised the newly liberated Palmyra 

by the Russians, and created an incentive for ISIS to recapture the city seven months later, 

causing even more death and destruction. By proposing to erect the monument in Syria, the arch 

becomes a piece of propaganda supporting Roger Michel’s statement that whatever ISIS destroys 

can be rebuilt with technology. The irony here, as argued by Heidegger, is that while technology 

can be a saving power, it can also be a physically and mentally destructive power. Physically, 

technology assists humans in the destruction of things and places, and mentally, as in the case of 

reconstructing monuments, it gives the illusion of the technological understanding of being but is 

in reality concealing our understanding of the historical past.236 

 The public continued to criticise the IDA and argued that the reconstruction was not built 

for the Syrian people but was instead a self-aggrandizing display of achievement and what an 

organization could achieve with money. Others saw this reconstruction as a way to mitigate and 

essentially conceal any Western involvement in the Syrian War, pretending to be a Band-Aid. By 

                                                             
235 Nour Munawar. “Reconstructing Cultural Heritage in Conflict Zones: Should Palmyra be Rebuilt?” Journal of 

Archaeology 2 (2017): 40. 
236 Heidegger, 15. 



  
 

56 
 

giving the Syrian people a piece of their cultural heritage back, it acted more as a way to distract 

the people from the horrors that foreign countries have caused, but does this or will this 

reconstruction erase the trauma of loss and suffering of the source community? With these 

possibly intended motives behind the reconstruction, the original monument and the 3D printed 

replica loses all significance it once held for the Syrian people.237 In this attempt to rebuild the 

destroyed monument, the intended message of standing with the Syrian people affected by ISIS 

was lost, as the full-scale 3D reproduction was presented as the first icon of 3D printing 

technology, demonstrating that cultural heritage monuments can be taken, improved, and re-

inserted into their original contexts as if they retain the same function. This is an example of 

digital colonialism, as the IDA has been accused of before, where Western powers take a 

monument or artifact not of their own culture and use technology to brand their names onto it 

claiming it for their own. A solution to mitigate digital colonialism is to reject the use of 3D 

printing technology to create full-scale 3D replicas of monuments. By doing this, we being to 

move into a post-colonial digital era. This idea of the post-colonial digital era is current within 

social humanities, where it is described as “an exercise in world making because it foregrounds 

the use of digital humanities scholarship to create new models for knowledge.”238 This means 

that if we press on past the essence of technology as a form of destruction or saving power, and 

label 3D printing as a form of art similar to its historical antecedents such as the production of 

marble sculptures, bronze casting, and photography, we revert back to the true essence of 

technology as a revealing, or a bringing-forth of knowledge. 3D printing technology has already 

been used as a way to create new models of knowledge as museums, academic institutions, and 
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printing companies are printing small-scale 3D replicas of ancient artifacts and monuments that 

can be handled by the public. By creating an exhibit or scenario centered around haptic 

observations, 3D printed objects can help the public understand the historical significance of 

several cultural objects in a new, engaging and thought-provoking manner. 

8.0 Studies of the Physical Interaction with 3D Printed Objects 

Multiple studies presented demonstrate how knowledge acquisition changes when 3D 

printed objects are introduced to an ocularcentric environment. A study completed on the 

interaction of ancient artifacts in three different conditions looked closely at how the participants 

perceived each object according to their gestures when speaking. The conditions presented an 

original artifact in a glass case, a virtual projection of the same artifact that could be interacted 

with via remote control, and a 3D printed object available for haptic observation. First, the 

researchers identified two types of gestures: beat gestures and iconic gestures. Both are believed 

to facilitate reasoning and learning and can aid in the process of reconstructing an experience of 

the object and project the users understanding of abstract shapes.239 Beat gestures are defined as 

“rhythmic hand movements that convey no semantic information” whereas iconic gestures are 

more manual movements that convey visual-spatial information about what is being discussed.240 

The participants were asked to engage with each condition normally and then describe what they 

were seeing. Researchers noticed that the participants used gestures to convey motion, function, 

and demonstrate how the artifact was manufactured.241 Participants used more iconic gestures to 

define the shape of the objects and stress various details about the object, for example, 
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mimicking the missing handle of a jar.242 The researchers noticed that iconic gestures were used 

more frequently in the case of the 3D printed object, and beat gestures were used more in the 

visual and virtual conditions, as there were physical and potentially psychological barriers that 

inhibited participant’s direct experience with the objects.243 Researchers suggested that the high 

number of beat gestures reflects a lack of certainty about the object and its details, which lead to 

what is called a visual bias.244 Visual biases are more commonly associated with objects or 

representations of objects that cannot be touched, and thus the viewer will start to present 

descriptions that may not be true, affecting the overall perception of the artifact.  

One study relating to the differences between physical and visual examination 

demonstrates this visual bias. The study focused on carved stone balls (CSB) found 

predominantly in the Aberdeenshire region in Scotland.245 These CSBs were uniform in shape 

and size with various decoration incised on the projections or knobs (Fig. 19). It was accepted, 

from visual analysis, that because of the elaborate decoration, they were considered to represent 

a status of an individual in a social context.246 Other observations have described the CSBs as 

part of a bolas, which is a type of throwing weapon, or mace-leads, or even weights.247 When the 

sense of touch was added into the mix with visual analysis, subjects reported more descriptive 

characteristics, the coolness of the stone, the rough and smooth textures indicating either the 

finishes or the weathering from being handled, and most importantly the feel of the knobs and 

incisions of the intricate designs.248 With the movement of the fingers to physically examine the 
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CSBs, there became this desire to spin it, and what happened was when the CSB was spun, the 

knobs seemed to disappear and looked as though it was a full spherical shape. The haptic 

analysis of the balls then resulted in a new interpretation of the function of the object, and 

researchers hypothesized that the balls were possibly used as oracles.249 Researchers believed 

that when the CSBs were rolled on the ground, the future could be read from the way it was 

rolled, the position of the knobs and different designs that were visible when the ball came to 

rest.250 This haptic analysis of the CSBs forced the researchers to direct their attention to an 

object beyond their own body in order actively explore and perceive the physical being of the 

object.251 

Several research studies have been done to monitor the effects that haptic analysis of 3D 

printed objects have on the engagement and knowledge acquisition of students in a classroom 

setting and in a museum environment. A recent study done in the Toronto Bata Shoe Museum 

intended to show how 3D capture and fabrication technology could be used to support child 

technological literacy better and to monitor how, by using these technologies, these children can 

exercise their creativity in the production of their own 3D models.252 First the researchers gave a 

brief history lesson about the different types of shoe buckles and had the children, aged 8-12 

years, identify the importance of the shoe buckle and what it was most commonly used for, and 

then they were able to experiment with creating their own buckle. The main question proposed in 

this environment was whether the students “would, without direct suggestion or encouragement 

replicate or reproduce ideas discussed and introduced through the cultural-historical 
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component.”253 While in the process of creating their own buckles, students added more personal 

finishes to their 3D print because it demonstrated a sense of creativity and uniqueness to the 

individual. Results concluded that engaging in the process of making their shoe buckle actually 

helped to increase their motivation to learn about the history of it, and better retain the 

information. During the discussion about the function and use of shoe buckles, the students 

noticed that while it had a specific function, the show buckles were also considered fashionable 

and were connected in a way to the person wearing them. This study showed that people learn 

better through tactile means, especially if there is a personal connection to what they are 

learning. Not only were the students learning the history of the shoe buckle, but also, by the end 

of the experiment, they were able to understand the basic principles of 3D printing. For example, 

when given two examples of 3D design, they were able to choose which design could not be 

printed because there were “pieces floating off from the base of the design”, a statement that 

meant the model was non-manifold and could not be printed.254 The researchers concluded that 

this technology compels visitors to engage in a tactile experience and allows them to interpret 

objects in a novel way. 

While experimenting with 3D printing, I decided to use the prints I had created to 

investigate first hand how knowledge acquisition differed when individuals interacted with a 

specific object in three different forms. The three sets of data I used were a single image of the 

Kantharos and Buddha, a virtual model of both objects, and the 3D printed objects. One hundred 

and twenty students from various educational backgrounds participated in this activity. Forty 

students were given an image of the Kantharos and Buddha, forty students were able to interact 
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with a virtual model on the computer, and forty students had the chance to study the 3D printed 

objects. Each set of data mimicked a certain experience in a museum setting. The images were 

intended to imitate the artifacts behind a glass case in museum exhibits. The virtual model 

imitated the idea of virtual reality engaging the senses more as one immerses themselves into a 

3D reconstruction. Lastly, the 3D printed objects represented more of an archaeological 

situation, where students interacted with an artifact as if it had just been excavated. (Table 1). 

Table 1: Descriptions of interactive experiences with Buddha and Kantharos in three different sets of data; Image, 

Virtual Model and 3D Printed Object 

Images Virtual Models 3D Printed Objects 

• Size and dimensions? 

• Material? 

• Texture? 

• Looks fake 

• Heavy and solid? Or 

hollow? 

• Same colour all the 

way through? 

• Chips and defects 

• What is on the other 

side? 

• Minimalist 

• Can see details but not 

clearly 

• Looks smooth 

• Looks like soap 

• Looks like a drinking 

cup 

 

• Able to have multiple 

viewpoints of object 

• Interaction makes 

experience more 

enjoyable- more 

sensory engagement  

• Realistic 

• Zoom in and out of 

object to get closer 

view of detail 

• No sense of weight 

• Difficult to perform 

exact rotations with 

keyboard and mouse 

control 

• Size? 

• Texture? 

• Weight? 

 

• Colouring very 

similar to the original 

picture and virtual 

model 

• Realistic 

• Lightweight/heavy 

• Details more defined 

and recognizable 

• Re-invented 

• Can be seen from 

every angle 

• Sandstone material 

• Hole at the bottom of 

Kantharos is 

noticeable 

• Better appreciation of 

object being able to 

hold it 

• Grainy and smooth 

textures 

• Visible print lines 

• Exact representation? 

 

 

The objective of the activity was to see how each group of students interacted with the 

representation of the objects they were given, and what they could learn from it. Given the 
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various scenarios and the different educational disciplines of the students, the results were quite 

fascinating. The students with the images gave very clear-cut and basic information about what 

they were seeing. Many of the observations they made were hypothetical, meaning they thought 

it “looked heavy” or “looked smooth”. The students gave very minimal descriptions of the 

images and noticed the details were not as well defined, as it was hard to make out certain 

patterns. One of the more interesting notes recorded were the questions they had about what was 

being represented in the images. After reading their notes, there were more questions than there 

were descriptions. What material is the object made of? What is the real texture? Is it a solid or 

hollow object? What is on the other side? What is the size of the original objects? These are all 

very valid questions and often come to the minds of the everyday visitor of a museum who see 

artifacts through an image pasted on the wall or an object in a glass case. While these questions 

encourage the viewer to think more critically about the object, limiting the students to only a 

visual stimulus restricted their potential to learn more about the object. 

The group presented with the virtual model had similar descriptions but also recorded 

new information. With the ability to rotate the object on various axes, and zoom in and out to get 

a closer look at specific details, this group seemed to have a better interaction with the models 

than those presented with the image. As the virtual model engaged the user in other senses, it 

was declared a more enjoyable experience. This group had the chance to see the models in 

different forms as well, looking at dense point clouds, the wire mesh and the object in full 

texture. Many students have never experienced this before so it was very interesting to see their 

reactions to the different representations that make up the whole object. While this group had a 

better sense of the colour, texture and details, they noticed something the group with the images 

did not. In the Kantharos model, the students noticed a hole at the bottom. This hole is significant 
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in that it allows the water to drain from the inside after a baptism ceremony. Many students with 

the images thought the Kantharos was nothing more than a drinking cup with a few chips and 

cracks in it, which it is not as it actually holds a religious significance. Given a visual stimulus 

with the addition of physical interaction, be it the computer and mouse to manipulate the model, 

this group had a better understanding of the object itself, but this group also ran into a few issues, 

and posed similar questions to those presented with the images. They were unsure of the height, 

scale and weight of each model, they were also unsure if the models were solid or hollow which 

could cause some confusion about the materials of the objects. Aside from descriptions of the 

virtual objects, they found it difficult to navigate the programs to rotate the objects, and to see 

different aspects of the model.  

Lastly, the group who handled the 3D printed objects had a much different experience 

than the previous two groups. They were fascinated with the 3D printed objects as they were able 

to physically interact with them. Their descriptions of each object were more detailed and 

meaningful, as if the additional sensation of touch allowed them to think more critically about 

what they were seeing and holding. They were able to describe the colour, texture and weight of 

the objects even if they were not to scale. Details seemed more defined on the printed objects 

than they did on the images, and overall they thought the printed object allowed them to explore 

and understand a physical form beyond their own body, something they felt they could not do 

with just a visual stimulus.255 The few negative things this group did notice was that the print 

lines were visible and took away from the expected smooth finish of the original objects. They 

mentioned the print-lines were a little distracting and did not know if they were supposed to be a 
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part of the design or not. Overall, this group had a positive interaction with the models, and 

classified them as “re-invented” and an interesting and engaging way to learn about an artifact.  

Around the globe, many museum facilities are already using 3D fabrication technology to 

enhance learning within their exhibits. The main objective is to redefine the museum experience, 

shifting from the glass cases and descriptions, towards a “multi-layered and multi-sensorial 

experience” that allows visitors to interact with the works of art displayed in the traditional glass 

case, but with a tangible object beside it.256 While many studies have demonstrated the positive 

difference in knowledge acquisition when a visual stimulus is paired with a tangible object, other 

studies prove that using 3D printing technology in museums has also been a solution to 

effectively create more accessible exhibits to those who are visually impaired. Museums around 

the globe have already taken the initiative to create more accessible exhibits, for example the 

Smithsonian Museum in Washington D.C. The museum has issued specific guidelines in 

designing exhibits that are more accessible by ensuring that “items essential to the exhibitions 

main theme [are] accessible to people by tactile examination”.257 This includes touching artifacts, 

reproductions and comprehensive audio descriptions. Other museums that have followed suit are 

the Victoria and Albert Museum in London, England, who have removed physical barriers to 

some of their artifacts, and have incorporated braille descriptions and tactile books so visitors 

can interact with them. Other museums namely the Prado Museum in Madrid have created 3D 

printed copies of six famous paintings including The Parasol by Francisco Goya, the Mona Lisa 
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by Leonardo da Vinci and Apollo in the Forge of Vulcan by Diego Velázquez (Fig. 20).258 The 

Prado Museum is considered to be the first museum to create an interactive display for the 

visually impaired by 3D printing replicas and adding depth and textures to allow the visually 

impaired to physically perceive the painting.259 

Apart from digitizing and creating 3D printed objects in museum exhibits, companies 

have taken the technology one-step further and have created both a tangible and accessible 

experience to classrooms outside of the museum. A company called Museum in a Box has 

noticed that the Smithsonian and British Museum only display about 1% to 5% of their entire 

collection, and most artifacts that sit in the archives are sometimes never even displayed.260 The 

company Museum in a Box, with consent from both museums, have 3D printed small scale 

replicas of artifacts found on their virtual databases, and are sending these artifacts in a small box 

to classrooms and other educational institutions to provide them with a museum experience 

within their own vicinity. Each box is curated towards a specific topic, and the boxes either come 

with 3D printed artifacts, playing cards or postcards all equipped with a voice recording using a 

Raspberry Pi system.261 When the contents of the box are placed on what is called “the brain 

box” the artifact or card speaks to the individuals giving an explanation about what they are, 

where they come from, and their significance. This initiative has had great reviews from 

museums and educational institutions, where users have praised their success in creating an 

engaging and tangible experience for people of all ages.  
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9.0 Conclusion  

3D digitizing and printing technology is regarded as a revolutionary industrial tool to aid 

in the rapid production of parts for manufacturing. Original, 3D printing was used to efficiently 

mass produce products for rapid distribution. 3D printing as an industrial tool has been applied to 

other disciplines such as engineering, science and medicine as it provides a practical and easy 

solution to aid in the production of necessary products. In these disciplines, calculative thinking 

is favoured because these disciplines are constantly evolving and in need of a technology that 

can help them to achieve their goals as quickly as possible. Calculative thinking in these 

efficiency-driven disciplines is good, but when this mentality paired with industrial technology is 

used for cultural heritage, it is problematic. The goal of using 3D printing for cultural heritage is 

not to treat it like an industry, where we can apply 3D technology to mass produce cultural 

heritage artifacts and monuments as if they are going to be sold in a gift shop. This use of 3D 

printing reduces cultural heritage to a standing-reserve, or Bestand, where we see it as a resource 

on hand for us to use for technical application.262 In this mentality, we think that cultural heritage 

can be replicated and produced as if it retains the same historical authenticity of the original 

object, similar to the analogy of the lightbulb discussed earlier. As Dreyfus argues, this mode of 

thinking is dangerous because when technology is used for its efficiency, it restricts our way of 

thinking about the historical authenticity of a particular object or monument.263 

In his essay The Question Concerning Technology, Martin Heidegger wants to reveal the 

essence of technology as a poiēsis, a bringing-forth and revealing of truths, that allows humans 
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to recognize the technological understanding of being for what it is, an art.264 He argues that 

while we could never return to a pre-technological era, there are ways of rediscovering the true 

essence of technology by studying and appreciating technological application of the past as a 

form of art. He states that, 

in Greece, the arts soared to the supreme height of the revealing granted. They brought 

the presence of the Gods, brought the dialogue of the divine and human destinings to 

radiance. Art was simply called technē. It was a single manifold revealing.265  

He believes that technology of the past helped to create works of art that could bring-forth and 

reveal an artistic understanding of subject, and an authentic understanding of history by 

providing us with a visual and tangible stimulus. In order to argue that 3D printing is not just an 

industrial tool but is a form of art that allows us to gain an understanding of being, we must look 

at ancient practices of replication and production. The production of marble sculptures using a 

Pointing Machine, bronze casting using the lost wax process, the camera obscura and 

photography are all historical antecedents to 3D printing that have faced criticisms as replicative 

technology. They were criticized because they produced inauthentic works of art but were later 

redeemed as forms of art because of their ability to elicit emotion and human understanding of 

being. In this essay, authenticity is not measured by how accurate a replica resembles the original 

but instead the authenticity is defined by the cultural production of an object, and its ability to 

evoke an understanding of its historical presence. 

Heidegger argues that we have lost hold of the true essence of technology as a bringing-

forth and revealing because of our compulsion to push on blindly with technology to achieve 
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efficiency.266 Cultural heritage institutions, printing companies, funders, museums and 

universities are using the industrial idea of 3D printing technology in attempts to restore lost 

cultural heritage monuments, but in doing so, they are neglecting the ethics of its application and 

moving towards replicating and recreating these monuments in a Western image. By neglecting 

the potential for 3D printing to be used as a modern form of art production, or an educational 

resource, we see 3D printing as a saving power. When we label 3D printing technology as a 

saving power, we reduce cultural heritage to a standing-reserve where we see cultural heritage as 

something that needs to be saved for the benefit of ourselves, but not for cultural purposes and 

not for those who are affected by destruction or damage. Western institutions use 3D printing to 

digitally colonize cultural heritage and claim it for their own because they have the technology 

and money available to do so.  

Digital colonization breaches the ethical concerns of 3D printing technology, and when 

these ethics are neglected, technology as a saving power becomes a tool of destruction. 3D 

printing in this view actually belittles and conceals the labour intensive and authentic methods of 

cultural production by presenting an almost automatic form of production, restricting humans 

from appreciating the history of the original monuments and artifacts. For example, the 

Triumphal Arch of Palmyra is a symbol of Roman and Palmyrene history, but the resurrection 

with the 3D printed arch will not represent the Roman Emperor’s victories, instead, it will 

represent the new 3D printing technology, the Western companies and funders involved, and the 

statement to ISIS that they cannot destroy cultural heritage because it can be rebuilt over and 

over again. By neglecting the ethical concerns involving cultural authenticity and politics, 

cultural heritage artifacts and monuments are reduced to a standing-reserve where they are 
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replicated, improved, and replaced as if the replicas retain the same functionality as the original 

which diminishes the value of the original objects because they are reduced to something similar 

to a product of industrial 3D printing. 

 3D printing technology is being applied by Western companies in attempts to “save” 

cultural heritage monuments and artifacts that are seen by these same Western companies as 

defective, but the argument of this paper is not to demonize 3D printing technology. The focus of 

this paper is to adopt Heidegger’s argument on the true essence of technology as a revealing and 

contextualize 3D printing as an art that allows humans to recover a haptic understanding of 

being. Numerous studies conducted prove that learning through haptic experiences aids in 

knowledge acquisition and memory. Similar to its historical antecedents such as the production 

of marble sculptures, bronze casting, the camera obscura and photography, 3D printing offers a 

visual and tangible stimulus that compels us to investigate and perceive the properties of the 

objects and allows us to explore and appreciate the artistic subject represented.267 Therefore, 

after extensive consideration of the benefits and consequences of this technology, I argue that 3D 

printing should not be used as an easy solution to restore and “save” cultural heritage artifacts 

and monuments because it restricts our understanding of the value of the original objects. 

Instead, 3D printing should be viewed as an art in the post-colonial digital humanities as a 

resource to help us find new ways of observing, learning and engaging with our historical past 

with modern technology.  
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Figure 1: Process of Stereolithography (SLA) from Chi Zhou, et al. “Digital Material Fabrication Using Mask-Image-

Projection-Based Stereolithography." Rapid Prototyping Journal 19, no. 3 (2013): 3, fig. 2. 

Figure 2: Process of Fused Filament Fabrication (FFF) from Iwan Zein, et al. “Fused deposition 

modeling of novel scaffold architectures for tissue engineering applications." Biomaterials 23, no. 

4 (2002): 1170, fig. 2. 
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Figure 3: Process of Selective Laser Sintering (SLS) from Y.P. Kathuria. “Microstructuring by selective laser sintering of 

metallic powder." Surface and Coatings Technology 116 (1999): 645, fig. 2. 

Figure 4: Computer Numerical Control (CNC) Machine for subtractive manufacturing from K.P. 

Karunakaran, et al. “Low Cost Integration of Additive and Subtractive Processes for Hybrid Layered 

Manufacturing.” Robotics and Computer-Integrated Manufacturing 26 (2010): 495, fig. 6. 
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Figure 5: Casts of Aristogeiton. Left: Baiae cast, h: 21.6 cm; Middle: Head of statue, c. 50BC. Marble, h (whole statue): 1.805 
m. Capitoline Museums, Rome; Right: Head. Marble, h: 32.5 cm. Capitoline Museums, Rome, from Christa Landwehr. “The 

Baiae Casts and the Uniqueness of Roman Copies.” Plaster Casts: Making, Collecting and Displaying from Classical Antiquity 

to the Present. (Berlin: Walter de Gruyter. 2010), 40, fig. 2.5. 

Figure 6: Copying points onto marble bust using a pointing 

machine from Olga Palagia. “Did the Greeks use a Pointing 
Machine?” Bulletin Archéologique, Antiquité, Archéologie 

Classique 30, edited by François Baratte, (2003): 58, fig. 1. 
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Figure 7: Unfinished funerary statue of a youth from Rhenia, with drill holes, 1st 
century BC from Olga Palagia. “Did the Greeks use a Pointing Machine?” 

Bulletin Archéologique, Antiquité, Archéologie Classique 30, edited by François 

Baratte, (2003): 59, fig. 4. 

Figure 8: Direct hollow casting method using the lost-wax process from “Sculpting Methods and Materials: 

Bronze Casting- The Lost Wax Process.” The Sculpture Park online, https://www.thesculpturepark.com/lost-wax-

bronze-casting/. 
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Figure 9: Camera Obscura from James Terry. “Camera Obscura.” Art History Glossary online, 

http://blog.stephens.edu/arh101glossary/?glossary=camera-obscura 

Figure 10: Model of Buddha Statue from personal experiment using 

Autodesk Netfabb. Photos taken and model built by Mitchell Gleason and 

Kavita Mistry. 
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Figure 11: Kantharos model from personal experiment using 

MeshLab, original artifact found at the ancient site of Stobi, 
Republic of North Macedonia. Photos taken and model built by 

Dr. George Bevan. 

Figure 12: Non-manifold surfaces in a triangular irregular network (TIN) from Buddha model in program AutoDesk Netfabb. 

(By Author) 
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Figure 13: 3D model of the Kantharos from Stobi with broken mesh of drainage hole at the bottom of the belly caused by 

geometric changes in the shape of the object and relative positioning of the camera. Modelled in MeshLab. (By Author) 

Figure 14: 3D model of Kantharos from Stobi with added cylindrical mesh to form a functional drainage passage through the 

vessel. Modelled in MeshLab. (By Author) 
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Figure 16: 3D model reconstruction of the large Buddha of 

Bamiyan from Armin Grün, et al. “Photogrammetric 

Reconstruction of the Great Buddha of Bamiyan Afghanistan.” 

The Photogrammetric Record 19, no. 107 (2004): 195, fig. 25. 

Figure 15: Full colour sandstone 3D 

prints of Buddha and Kantharos. (By 

Author) 



  
 

88 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: 3D light projection of the large Buddha of 

Bamiyan at night from “World-Famous Buddhas of Bamiyan 
Resurrected in Afghanistan.” The Economics Times online, 

last modified June 14, 2015, 

https://economictimes.indiatimes.com/news/international/wor

ld-news/world-famous-buddhas-of-bamiyan-resurrect-in-

afghanistan/articleshow/47664896.cms 

Figure 18: Full-scale reconstruction of the Triumphal Arch of Palmyra erected in front of 
the Capital Building, Washington D.C., USA from Gallery: The Triumphal Arch of Palmyra 

in Washington D.C.” The Institute for Digital Archaeology online, last modified 2018, 

http://digitalarchaeology.org.uk/new-gallery. 
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Figure 19: Neolithic carved stone balls from northeastern Scotland drawn by Dorothy N 

Marshall, “Carved Stone Balls.” Proceedings of the Society of Antiquaries of Scotland 108 

(1976-77): 45 fig. 1. 

Figure 20: 3D print of Diego Velázquez Apollo in the Forge of 
Vulcan from Ayun Halliday. “The Prado Museum Creates the 

First Art Exhibition for the Visually Impaired, Using 3D 

Printing.” Open Culture. Last modified March 9th, 2015. 

http://www.openculture.com/2015/03/prado-creates-first-art-

exhibition-for-visually-impaired.html. 


