
This poster presentation discusses the use of 3D printing and 3D imaging
technologies in an art history course taught at the University of New
Hampshire (UNH). The class takes advantage of the resources available at
the Visual Resources Center, an emerging makerspace located within the
Department of Art and Art History. This space, which formerly served as the
Department’s 35mm slide library, is now equipped with various
technologies, including 3D printers, digital photographic equipment, and
photogrammetry software. The undergraduate honors-level course, titled
“From Digging to Digital: Preserving and Displaying the Past,” introduces
students to the ways in which digital technologies – particularly 3D
imagery and 3D printing – can be employed to help preserve, replicate,
document, and disseminate knowledge of cultural artifacts and
archaeological sites. Taught by Ivo van der Graaff, an Assistant Professor of
Art History, the course was first offered during the Spring 2018 semester
and will be taught again in Fall 2019.
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Fig.1 Students prepare to photograph an artifact housed at the UNH Museum of Art – a
Nepalese “Temple Lion” – in the makerspace’s dedicated photo studio.

One of the primary objectives of the course is to expose students to some
of the latest technologies being employed in the study and documentation
of cultural heritage (for discussions on the uses of 3D technologies in the
cultural heritage field, see [1] [2] and [3]). Prof. van der Graaff and Otto
Luna, the Department’s Visual Resources Librarian and manager of the
makerspace, developed a series of hands-on workshops designed to give
students practical experience in the use of these technologies, specifically
photogrammetry and 3D printing.

In the context of cultural heritage imaging, photogrammetry can be
understood as the process of creating highly-accurate 3D renderings of
cultural artifacts via a series of 2D photographic images. Photogrammetric
software – such as Agisoft’s Metashape – is employed to stich together the
2D photographs to generate 3D digital models of remarkable accuracy.
Once a 3D model has been obtained via photogrammetry, it can be
physically reproduced through the use of 3D printers, and be visualized in
Virtual as well as Augmented Reality.

Photogrammetry Workshop

Working individually or as teams of two, students in the class choose an
object of inquiry from the UNH Museum of Art. Artifacts chosen by students
in Spring 2018 included various Nepalese antiquities, including a “Temple
Lion” dating to the early 19th-century, and a pair of Nayarit ceramic figures
from pre-Hispanic Mexico. With guidance from the Visual Resources
Librarian, each object is photographed according to established best
practices for photogrammetry (for a detailed step-by-step description of
the process, see [4]). Students then edit the photographs in photo-editing
software such as Adobe Photoshop, before uploading and processing the

images in photogrammetric software. Via this active learning exercise –
which takes places within the makerspace – students gain first-hand
insights into the advantages and disadvantages of photogrammetry as a
technique to visually document cultural heritage artifacts. An example of a
student-generated model can be seen by scanning the QR code below.

Fig.2 Scan the QR code above to see a virtual 3D model of a Nayarit ceramic figure. The
model was created via photogrammetry by students in “From Digging to Digital: Preserving
and Displaying the Past,” an honors art history course taught at the University of New
Hampshire.

3D Printing Workshop

Once students generated a workable photogrammetric model of the
object, they produced a 3D print of the artifact. With support from the
professional and student staff at the makerspace, students made final
preparations for their 3D print, including fixing any errors in the mesh,
converting the file into a printable format such as .stl, selecting a filament
color, and choosing a size for their print. Final prints were made with a
MakerBot Replicator 2X printer and ABS filament. To our surprise, most
students commented this was the first time they had ever used a 3D
printer.

Fig.3 Original Nayarit ceramic figure (left); 3D-printed version (right)

Conclusion

As a final project students in the class presented their research in the form
of a website. Each website consisted of a number of required content
areas, including: an analysis of the formal qualities of the artifact, a
discussion of the object’s origin and historical context, an interactive 3D
model of the artifact, and photographs of the 3D printed reproduction of
the object. In addition, students were required to describe and critically
evaluate the technologies and processes employed throughout the
semester, namely, photogrammetry and 3D printing. An example of a
student website can be viewed at the following link:
https://mypages.unh.edu/noorfaith/home.

Overall, students in the Spring 2018 semester class came away with
positive impressions of the photogrammetry technique. One team noted
that while the process is “time consuming” it is “well worth it in the end.”
Another team expressed surprise by the level of detail they were able to
capture in their 3D virtual model, such as “all of the corrosion and
coloration that was present on the original.” On the other hand, some
students rightly noted that the technique can at times yield “noticeable
flaws” such as jagged edges and loss of sharpness in certain areas.

Fig.4 As a final project students in the class presented their research in the form of a website.

Similarly, students expressed mixed feelings regarding the quality of the 3D
prints. While they acknowledged that the technical limitations of printing
with plastic-based filament in a single color results in reproductions that
are “by no means a good substitute for the [original] artifact,” students
nevertheless also recognized the benefits of 3D printed replicas. One team
noted that “the 3D print of the artifact is a cool way to be able to get a first-
hand sense of the shape and features of the artifact through touch.”
Perhaps the most insightful comment came from a student who noted that
“the quality of the reproductions [is] greatly influenced by the tools used.”
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Future Directions

The course, which received positive student feedback and was featured in
several University publications [5], is being offered again during the Fall
2019 semester. Students will once again study, photograph, and 3D print
artifacts from the collection of the UNH Museum of Art, primarily sculptures
from Sub-Saharan Africa. In addition, the course will employ an exciting
new technology recently acquired by the makerspace, a DJI Phantom 4
drone. The class will introduce students to the use of aerial imagery in the
documentation and mapping of archaeological and historic sites. The
drone will also be used in an attempt to 3D model and print a building or
archaeological site in its entirety.

As more funding becomes available in the coming months and years, the
makerspace will continue to acquire cutting-edge technologies, such as 3D
scanners and 3D printers capable of reproducing more realistic colors and
textures. Other items to be acquired include virtual reality (VR) systems and
laser cutters.

The makerspace will also continue to play an important role in other
courses offered by the Dept. of Art & Art History, including studio art
classes. During the past several semesters, for example, students in the
Introduction to Sculpture course have used the makerspace’s 3D printers
and 3D modeling software to create original sculptural works. In one
project, students 3D printed altered versions of their own faces, after
having had them 3D scanned (via photogrammetry) and digitally
manipulated in Tinkercad and Meshmixer.

Course Outcomes

As Henseler and Rieffel have written, the maker movement in higher
education has often been “promoted as a valuable tool for increasing
(diverse) enrollments in STEM-fields…” We believe academic makerspaces
can also serve to engage and attracts student in the arts and humanities by

providing them, to quote Henseler and Rieffel again, with “a larger tool
box” [6]. The art history course discussed in this paper is part of an ongoing
effort to embed the maker movement into an arts-focused curriculum and
to demonstrate how makerspaces can positively impact student learning
in the liberal arts.


