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Abstract 

The archivolt of Alife, exhibited as a part of the Brummer Collection in the 

Nasher Museum of Art at Duke University, is an enigmatic artifact with many unknown 

elements. Specifically, the archivolt’s iconography is one aspect that has not been 

explored by many scholars, with several possible interpretations to each of the animals 

depicted. Despite the amount of information that can be presented, scholarly discourse 

and research involving an artifact is generally not presented to the public due to the 

complexity of the information. Therefore, by using augmented reality and object 

recognition technology, this thesis aims to present the multiple iconographic theories 

regarding the key animals on the archivolt of Alife in a dynamic manner, giving users 

insight on how to view the iconography by making scholarly information more 

accessible. The digital component of this thesis uses the latest object recognition 

algorithm provided by ARKit to build an interactive app that allows the viewers to see 

“info cards” directly overlaid on top of the iconography. Although the current state of 

AR technology still has limitations regarding buildability and malleability, a usable 

prototype of this application was successfully produced and is subject to future 

expansions and experiments. 
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1. Introduction 

The archivolt of Alife has been a part of the Nasher Museum of Art’s Brummer 

Collection for several decades and has been subject to examination since. It has a 

complex historical background regarding the location where it was created, the history 

and source of its material, as well as its iconography. Unlike many other cathedrals of 

major cities, the specifics of its erection were never documented, thus leading to 

different speculations among scholars about its background. Most of the valuable 

information discovered throughout research surrounding the archivolt, however, 

remains in the museum archive, inaccessible to the public. The explanation panel beside 

the exhibition space includes only a short paragraph stating its material and history. The 

iconography of the archivolt in particular is one of the least documented, yet most 

prominent features. The reliefs of various animals on the archivolt are what the visitors 

see first. However, the information about these animals are inaccessible, without 

additional materials available for the visitors to learn more. This is perhaps due to the 

limited space of the museum as well as the difficulty to balance between the amount of 

information displayed on panels and user attention spans. This is the reason why the 

archivolt, particularly the iconography of the archivolt, makes an appropriate subject for 

testing the effectiveness of a new multimedia medium, augmented reality, in conveying 

more information to the general public, therefore educating the visitors not only about 

the artifact, but also giving insight to the research behind it.  
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Augmented reality (AR)—technology that virtually overlays animations, images, 

and text onto real world scenes—has been increasing in popularity since its 

commercialization by the mobile game Pokémon Go. One of AR’s major affordance is to 

place various virtual 3D models and 2D UI onto views of physical scenes, which 

presents many opportunities for different industries. For the education industry, 

augmented reality can be a valuable asset for effectively communicating complex 

information as well as concepts. Although experiments regarding augmented reality 

have been conducted since the 1990s in the field of education, the large distribution of 

smartphones and mobile applications has since made the technology more accessible 

because it eliminates the need for a specialized hardware, making it easier both for 

distribution and development. Since then, AR has been frequently used in experiments 

and has been proven to be effective in education. However, because this technology is 

yet to be standardized in a development environment, augmented reality frameworks 

and systems varies drastically between different platforms and devices, making it 

difficult to design and produce such applications with ease. Although a new framework, 

ViroReact, is currently trying to make the AR and VR development workflow easier 

across mobile platforms, there is still a discrepancy in progress between competing 

smartphone OS systems, Android and Apple, who have been developing their own 

augmented reality algorithms and frameworks. While working towards realizing an 

educational AR application, this thesis will also assess the current capabilities of AR 
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technology with ViroReact and its development environment, drawing conclusions on 

how well current AR technology can be used to effectively communicate more complex 

information regarding the archivolt of Alife. The thesis will open with a chapter 

detailing the scholarship on the Alife archivolt, then move on to discussing the position 

of AR in the field of education. Documentation of the thesis’ AR application follows, and 

this thesis concludes with a reflection on the application and avenues for potential 

future work.  
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2. The Archivolt of Alife 

The archivolt of Alife, exhibited in Duke University’s Nasher Museum as a part 

of the Brummer Collection, is surrounded with mystery, a mystery which extends to the 

cathedral of which it was originally a part. The city of Alife, a small town in the Province 

of Campania, has not been given as much scholarly attention as other bigger, more 

famous cities in Italy, like Rome and Sicily. However, despite the scarcity of records 

about it, some of which are exclusively in Italian, the archivolt has a very interesting 

history regarding both its sculptor(s) and the material with which it was sculpted. These 

two particular topics have been the center of discussion for those who had written about 

the archivolt. The iconographic narrative of this specimen, which consists of many 

twisted figures and animals, remain a topic that is yet to be fully studied. As Walter 

Cahn wrote about the archivolt, “[t]he decoration of the arch proper consists of a 

profusion of densely packed and intertwined, juxtaposed or confronted anthropoids and 

animal subjects, the whole defying the most earnest effort toward meaningful 

description.”0F

1 This statement summarizes a potential reason why scholars have been 

reluctant to make assumptions and statements, especially since so little writing about its 

iconography exists. Along with variance in religious narratives in Medieval Italy, 

perhaps many deemed a close examination to the iconography as unnecessary to 

                                                      

1 Walter Cahn, "Romanesque Sculpture in American Collections. XIV. The South," Gesta 14, no. 2 (1975): 65-

66. 



 

5 

understanding the object, especially since the general religious message to these reliefs 

can be surmised. However, the fact that the exact iconographical meaning to the reliefs 

is under-supported by scholarly evidence is something only known to researchers 

familiar with the subject. What is immediately visible when viewing the archivolt takes 

on great significance due to its visual impact, but from the point of view of a museum 

visitor, this information is invisible, and unexplained. This chapter will interpret the 

iconography of the arch by reading it against Medieval religious texts and bestiaries, and 

then will provide several different narratives that the figures on the arch can represent. 

This serves the purpose of pinpointing common religious interpretations specific to the 

context of the archivolt, thus aiding understanding of both the archivolt’s general 

iconographical composition as well as the potential meanings of each animal. Doing so 

surfaces context-specific information about the archivolt to those who are unfamiliar 

with the religious iconography in the 11th Century, which is then make accessible to the 

public through the digital component of this thesis project.  

2.1 History of the City of Alife and the Alife Cathedral 

The city of Alife was a town in the north of Campania, a geographically isolated 

province in the South of Italy, just beneath Rome. It was under the jurisdiction of a 

bishop in Benevento of Campania, which was governed by Lombard, a region in the 

North of Medieval Italy, during the end of the 6th Century. Despite the generally 

inaccessible geographic nature of the locale, Alife was one of the Campanian cities 
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heavily involved politically with other provinces and even foreign countries. This is 

evident in the fact that, Rainulf III, a Norman count, erected the cathedral at Alife. 

Rainulf III himself was a man whose familial associations extended towards many other 

Italian regions. Sicily, for example, was ruled Rainulf III’s brother-in-law. Rainulf’s 

father was also the patron to a cathedral in Benevento, the stylistic qualities of which 

possibly influenced the cathedral at Alife somewhat as well.  

 

Figure 1: Map of Southern Italy and Campania, from Romanesque Sculpture in 

Campania, 2 

This situation was not exclusive to Italy. Medieval Europe was an especially 

tortured environment for its inhabitants. Many parts of Europe were disease-ridden, 

often troubled by plagues and other woes. Famine, poverty, and lack of harvest due to 

severe drought were all contributors to the low life expectancy of the Middle Ages in 

Europe. Death seemed to be always looming and imminent, as was the case for Rainulf’s 
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Alife. In 1132, the town was afflicted by plague, and, already having gone through 

marital misfortunes that costed him almost all of his properties, Rainulf III set out to 

Rome to retrieve relics he could use to build a cathedral, perhaps wanting to gain 

blessing and protect his remaining assets. During his trip he found the remains of Sixtus 

I, the bishop of Ancient Rome, which was served as the source of blessing for his 

Cathedral. Ultimately the cathedral was built and served the people of Alife for 

approximately 200 years.1F

2 

The political circumstance regarding the principality of Capua2F

3, a central city in 

Campania, strained the relationship between Rainulf III and his in-laws in Sicily. This 

eventually resulted an invasion and occupation of Alife by Sicilians, and consequentially 

led to the destruction of the Alife cathedral in 1458. Although attempts were made to 

repair the dilapidated church over time, it was further damaged by an earthquake in 

1688. The archivolt in the Nasher Museum withstood these calamities but was no longer 

capable of gracing the entrance of the cathedral. It was detached from its former position 

and set aside. Two other archivolts and a crypt are the only other remnants of the 

cathedral’s previous glory. 3F

4 

                                                      

2 Dorothy F. Glass, “The Archivolt from Alife,” in The Brummer Collection of Medieval Art, ed. Caroline 

Bruzelius with Jill Meredith (Durham: Duke University Press, 1991), 74-75. 
3 Dorothy F. Glass, Romanesque sculpture in Campania: patrons, programs, and style (Philadelphia: Pennsylvania 

State University Press, 1991), 3-9.  
4  Glass, “The Archivolt from Alife”, 74-75. 
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2.2 Stylistic Influence 

The Alife cathedral, as well as its archivolts, are stylistically categorized as 

Romanesque, a prevailing aesthetic in Medieval Europe before the Gothic style of the 

late 12th Century. During the 11th Century, ambitious Italian bishops sought to build 

churches that would rival the grandeur of constructions established by Justinian I, a 

Roman Christian emperor, who sought to revive the Ancient Roman Empire. It was 

common for people in the Middle Ages in Italy to correlate themselves with those of 

Ancient Rome, with whom they considered to be in the same bloodline. It is only natural 

that Justinian architecture can be considered directly related to Ancient Rome. This does 

not only make manifest the bishops’ intention of correlating their authority with that of 

Roman emperor, but also through this association, the bishops aimed to gain a broader 

audience for their religious doctrines. With the rising social status of the illiterate 

merchants, perhaps the bishops sensed the need to appeal to consolidate secular 

practices with religious ones to gain not only the favor of the general public, but also 

political clout.4F

5 

 This ambition to increase the sphere of influence of the church was reflected in 

religious buildings. Illuminated manuscripts with various illustrations and sculptures 

delineating famous Christian narratives were produced in increasing quantities for 

                                                      

5 Rolf Toman, Romanesque: architecture, sculpture, painting (Oldenburg: Konemann, 1997), 75.  
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commoners, drawing them to the church and Christianity. The Alife cathedral and its 

archivolts were also built with this shared goal in mind, as discerned from the 

illustrative nature of the arch, that contains animals and creatures bearing symbolic 

meaning in a religious context.  

As is the case with the archivolts, the close relations between religious art and the 

church was perhaps the reason that the Romanesque style was, for the most part, strictly 

tied to the purpose and style of its architecture. This means that in the Romanesque 

sculptures generally have contents or motifs unrelated to the purpose of the building it 

was on. Rolf, the author of Romanesque Architecture, Sculpture, Paintings wrote: 

“Romanesque sculpture was strictly hierarchical, form and content are highly restricted 

and have a generalized form. They were hallmarked as Romanesque sculpture on a 

national and even international basis.” 5F

6 It should be noted that although there are 

general consistent characteristics that identifies a Romanesque sculpture or architecture, 

the style and rules of these constructions do diverge according to culture and region. 

The archivolt of Alife, for example, is stylistically consistent with that of Campania, the 

region the city is in, and Lombardy, under which it was governed.6F

7  

Aesthetically speaking, Romanesque sculptures were often created as reliefs 

protruding from the walls or the pillars of a church, depicting animals and mystical 

                                                      

6 Ibid, 275. 
7 Glass, “The Archivolt from Alife,” 74, 92. 
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creatures of different kinds. One of the distinctive features in Romanesque sculptures 

emphasizes balance. Whether it be the balance between good and evil, chaos and order, 

or wild and tame, these sculptures most often convey the stability of two different 

extremes, either through a self-contained piece or through interactions with other parts 

of the same building. An example of this is mentioned in Romanesque Architecture, 

Sculptures and Paintings, where a pillar depicting wild beasts were in fact distributed 

evenly across the surfaces, creating an oxymoron of order and chaos.7F

8 The same 

characteristic is also evident in the archivolt of Alife itself, on which the chaotically 

entangled figures are all squeezed together in tight, rectangular spaces, not extending 

outside of their defined borders.  

Throughout the construction process of the cathedral, multiple sculptors were 

often involved in the creation of the sculptures. This is also the case with the archivolts 

of the Alife cathedral, where the Duke University archivolt differs drastically from the 

archivolt still in Alife in both artistic choices and level of sophistication in sculpting. 

According to Glass, who had observed the archivolt in Alife, the Duke archivolt had 

more masterful sculpting techniques, with meticulous detailing embellishing the figures 

and animals, which had defined forms in high relief. This is a stark contrast with the 

archivolt that remained in Italy, the corbel of which was described by Glass as “bulbous 

                                                      

8 Toman, Romanesque: architecture, sculpture, painting, 257, 264. 
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and crude”.8F

9 The animals on the arch also seemed to lack definition. Glass speculated 

that the sculptor for the arch remaining in Alife was not trained in Campania, and was 

perhaps a monumental sculptor that was more familiar of carving on smaller materials 

such as ivory.9F

10 The decorative vines scrolls, a common Lombardy motif in Romanesque 

sculptures in Italy, also led to the scholar’s conjecture that this sculptor was trained in 

Lombard. 

Both of the archivolts, however, do share certain stylistic qualities that are 

reminiscent of other Romanesque churches in Campania. For example, the large and 

seemingly drilled eyes of the animals are parallel with the defined eyes in the elephant 

corbels of the cathedral of Carinola. Further similarities had also been observed between 

 

Figure 2: Souillac, (Lot), pillar in former abbey church of Sainte-Marie, 1120-

1135, from Romanesque Architecture, Sculpture, Painting, 264 

                                                      

9 Glass, “The Archivolt from Alife,” 80. 
10 Ibid, 87. 
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Figure 3: Duke University, Front view of the archivolt of Alife 

the archivolts of Alife and the sculptures in S.Menna in S.Agata dei Goti, where 

Rainulf’s father served as patron.10F

11 Both churches had foliage spewing out from the 

mouth of a creature as well as a pair of birds facing each other. The lion corbels—which 

were aesthetically derived from Lombardian lions—between the two churches were 

especially alike. This phenomenon brings forth an interesting observation by Glass, who 

concludes that the arches of Alife are more artistically related to Campania and 

Lombard, despite its Norman benefaction.11F

12 

  

Figure 4: Benevento, Museo del Sannio, Lombard lion, from Romanesque 

Sculpture in Campania, 24 

                                                      

11 Ibid, 80, 86. 
12 Glass, Romanesque sculpture in Campania: patrons, programs, and style, 300. 
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Figure 5: S. Agata dei Goti, S. Menna, lion corbel, from Romanesque Sculpture 

in Campania, 33 

 

Figure 6: Duke University, archivolt of Alife, lion corbel 

2.3 Spolia—the Material of the Arch 

As previously stated, the economic conditions in the Middle Ages were less than 

ideal. Because of this, it was common for architects building constructions of authority 

to reuse pillars and materials that remained in the ruins of the Ancient Roman Empire 

for both convenience and quality. This is known as spolia, the recycling old materials for 

new edifices.  



 

14 

Spolia had been commonplace long before the Middle Ages. As Gibbon wrote in 

his book about Roman antiques that survived in the Middle Ages: “The monuments of 

antiquity had been left naked of their precious ornaments, but the Romans would 

demolish with their own hands the arches and walls, if the hope of profit could surpass 

the cost of the labor and exportation.”12F

13 A specialized occupation in quarrying for 

precious building materials, and a naval network of trade in the Greco-Roman period 

had granted its descendants many buildings and monuments made of different valuable 

materials.13F

14 Although this practice is not specific to the Romanesque architectures in 

particular, due to the predilection towards Ancient Roman buildings and ambition to 

compete with the Roman constructions, the Romanesque buildings through spoliation 

may have gained additional meanings symbolizing the heritage of Ancient Roman 

culture. The archivolt currently at Duke University is an example of spolia—the bead 

and reel motif on the backside of the two curves, behind the animal carvings, 

substantiates this surmise. The Roman rubble upon which the archivolt is created is of 

an especially prized material—marble.  

Since the Roman Empires, marble had been admired for its durability and 

beauty. This material quickly became a symbol of wealth and status, which persisted to 

                                                      

13 Michael Greenhalgh, The Survival of Roman Antique in Middle Ages (London: Duckworth, 1989), 145. 
14 Joseph Williams and Kiki Fox, “Alife Arch,” Duke University, accessed November 9th, 2018, 

https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-

marble-trade/. 

https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-marble-trade/
https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-marble-trade/
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the 11th Century.14F

15 Charlemagne, the king of Lombard in the Early Middle Ages, was 

exemplary of building his monastery in marble columns, describing S. Florent as 

“elegantly in marble from the foundations” in a prideful manner. 15F

16 Buildings in marble 

was a luxury usually only enjoyed by those in the position of political or religious 

authority, as most of Italy was beset by poverty, in which the residencies were built in 

wood, a much less desired and resilient material. Parian marble, which was particularly 

prized for its whiteness, is often associated to the purity of heaven, and a church built in 

such material would reflect the magnificence of ethereal bliss. It was ideal, therefore, for 

churches and monasteries to be built in marble, such as the archivolts of Alife.  

However, new marble was difficult to produce due to the high cost of cutting and 

polishing the stones. The weight of the stone also required substantial labor in 

transporting the stone. The quarrying trade was also declining at the time, which also 

compromised the supply. Marble outside of Italy had become so scarce that others in 

Europe regarded such material as an object of fantasy, as Charlemagne had commented 

that he could not find marble outside of Rome. 16F

17 Perhaps it was only natural for those 

with architectural ambition to dismantle the disused, but sometimes perfectly intact, 

Roman monuments to fulfill their own wishes, especially since there was a predominant 

                                                      

15 Dale Kinney and Conrad Rudolph, “The Concept of Spolia,” in A Companion to Medieval Art (Hoboken: 

Wiley-Blackwell, 2006), 233-252. 
16 Greenhalgh, The Survival of Roman Antique in Middle Ages, 122. 
17 Ibid, 126. 
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belief that ancient Rome had superior artistry than its contemporary counterparts. 

Whether this act had a political agenda, however, remains a mystery to many scholars 

today.17F

18  

The marbles from the cathedral of Alife were speculated by Duke University 

researchers to be from domestic monuments built by previously quarried materials, 

mostly due to the treacherous mountain roads of the locale that makes journeying 

difficult. Compared to Capua, Alife’s much more prosperous neighbor, its quarrying 

assets were on a much smaller scale. From seeing the difference in classical motifs on the 

different components on the backside of the arch, it can be deduced that, like many 

spoliation processes across the country, these marbles were assembled from either 

different parts of a monument or from discrete places altogether. 18F

19 This did not 

undermine the presentation of the arch at the time, however, as the archivolt was 

originally attached to the wall above the entrance, concealing the roots of this material. 

The well-matched curvature of the arch on both sides also suggests that the artists 

attempted to either cut the marble or spent time to match both sides, which not all 

construction overseers do in the Middle Ages. 19F

20  

                                                      

18 Ibid, 133. 
19 Joseph Williams and Kiki Fox, “Alife Arch,” accessed November 9th, 2018, 

https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-

marble-trade/. 
20 Greenhalgh, The Survival of Roman Antique in Middle Ages, 122. 

https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-marble-trade/
https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-marble-trade/
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Figure 7: Duke University, archivolt of Alife, back side detail 1 

 

Figure 8: Duke University, archivolt of Alife, back side detail 2 

2.4 Iconographic Representations  

Death was a frequent topic of discussion during the Middle Ages, as many were 

losing their friends and family to the trying living conditions. This inevitably led 

commoners to question the afterlife—what awaits after death. This directed more public 

attention to the Bible, and commoners began seeking for answers within the religion. 

The Church, addressing their concerns, began to create an abundant amount of art and 

sculptures with stories from the Old and New Testament to represent resurrection and 
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the Last Judgement. The Revelation of John, the final book in the New Testament, 

gained burgeoning popularity.20F

21  

The Apocalypse in the Revelation contains a series of “visions” narrated by John, 

the supposed author of the book. People in the Medieval Era believed in these visions to 

be spiritually connected to their own Salvation, because they embody allegories and 

description of “future events,” including Judgement Day and the New Jerusalem, 

equivalent to the utopia accessible by those faithful and pure. Because of these prophetic 

visions, there was a prevalent belief that it was the only book written by Christ 

personally, which, at the time, granted the Revelation a higher stature than others.  

In the Book of Revelation, as well as in the illuminated manuscripts, there was an 

emphasis on the “dualistic balance between Good and Evil.”21F

22 This is on par with the 

characteristic of Romanesque sculptures at the time. The Book, written in ambiguous 

and allegorical terms, also involved references, similes, and stories of animals. Animals 

are often related closely to humans in the Bible, for, even though it was God who created 

them, it was Adam who named each animal, for their intended purposes in life. This 

close relationship also led to the Medieval belief that the allegorical creatures in the Bible 

all reflect certain human qualities, representing aspects of human virtues and sins. 

However, the roles humans gave to different animals throughout history, combined 

                                                      

21 Richard Kenneth Emmerson, Apocalypse Illuminated: The Visual Exegesis of Revelation in Medieval Illustrated 

Manuscripts (Philadelphia: Pennsylvania State University Press, 2018), 1-2. 
22 Ibid, 3. 
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with other sources, including pagan and Persian legends (travelled to Europe from 

Byzantine influence), rumors of foreign animals received by kings (such as whales, 

crocodiles, and peacocks), stories of constellations from the Greco-Roman period, as well 

as behavioral and biological studies by scholars, brought forth a myriad of religious 

meanings and beliefs that can be projected to each different animal. Although certain 

animals feature more regularly in illustrations and paintings, due to how often the 

animal is different stories and contexts, it makes deciphering the exact meaning of these 

creatures—in a world no longer familiar with Medieval vocabulary—especially 

challenging. Even with the patent overarching theme of the Good triumphing over the 

Evil, in the context of this arch, where animals are congregated into a tight space, each 

without a specific narrative reference, its “exact” meaning is elusive. Nonetheless, it is 

not impossible to at least conjecture about different popular narratives from which the 

viewers and readers can glean some information.  

2.4.1 The General Visual 

 Even the general visual of the arch, with entangled anthropoids and creatures 

both mystical and realistic, presents two different possibilities in its narrative. On the 

left, a serpent-like creature is seen wrangling with a human, who has his hand on the 

monster. On the right, a creature with an elaborate tail is on top of two other humans, 

each seeming to grab at the creature. Birds were seen to be nipping on humans and the 

head of an ass, and 4 winged horses were by themselves, located on the top left of the 
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arch and reaching into the scene with the man and the serpent. The general atmosphere 

is this arch suggests a sense of chaos and violence, but even violence can be interpreted 

differently based on its context. In Romanesque Architecture, Sculptures and Paintings, the 

author mentions a particular scene on a portal depicting Judgement Day abbey church 

of Sainte-Foy, where demonic beings are shown attacking humans. Although the 

obvious violence would lead the viewers to think that this is a representation of Hell and 

the fate of the sinners, another interpretation to this scene can be the “Garden of 

Delights of Herrad of Landsberg,” one of the well-known manuscripts at the time, 

where the beasts were commanded by God and swallow humans for them to be reborn 

and redeemed. 22F

23 Alternatively, as previously stated, the archivolt could feature animals 

representing both Good and Evil, achieving the dualistic balance that was often featured 

in Romanesque sculptures. There is vast range of possibilities within the narratives of 

the arch, and although all interpretations are framed under a theme relevant to the 

Apocalypse and the Revelation of John, since the exact role of each of the animals is 

unclear, the message of the archivolt is left ambiguous—the animals may serve as a 

comfort, or warning, or both, to its viewers. The following section will closely examine 

each major animal relief on the iconography and present several possible interpretations 

                                                      

23 Toman, Romanesque: architecture, sculpture, painting, 328. 
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to each animal. Through showing these interpretations in the digital component, this 

thesis seeks to offer insight as to how to look at the archivolt as a whole. 

 

Figure 9: Conques-en-Rouergue (Aveyron), portal to abbey church of Sainte-

Foy, 12th Century, from Romanesque Architecture, Sculpture, Painting, 331 

 

Figure 10: Conques-en-Rouergue (Aveyron), detail of the tympanum, from 

Romanesque Architecture, Sculpture, Painting, 330 

2.4.2 The Lion 

Lions were one of the most popular animals depicted in churches and 

manuscripts and bears one of the more definitive symbolisms in Medieval Christianity 

due to its popularity. Known as the king of all animals, they had been popular 

participants in the life of Ancient Rome, often being put against the brave gladiator in an 
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arena. Often present in various crests of royalties to emphasize the Family’s nobility, 

lions are the signifier of strength and power, and due its menacing authority over 

humans, in the Old and New Testaments there are stories of the lion as allegories 

representing at times Good and at times Evil. The special position of the lion corbel, 

which supports the arch of Alife, suggests that this particular lion is not a malicious one. 

During the 6th Century, the Isidore of Seville, a bishop of Seville, had written traits about 

the lion that became a common tale in the Medieval Era. One of traits was that lions can 

use their tail to erase their tracks and sleep with their eyes open. This gave a reputation 

of vigilance to the creature,23F

24 and it is perhaps this trait that had led to their appearance 

on various portals and gates of churches, usually acting as guards to the church, thus 

declaring its own blessing to the architecture. 24F

25 Lombard sculptures and Roman 

sculptures both have many lions supporting their foundations.  

 

Figure 11: Rome, Lateran Palace, Cloister gallery with supporting lions, 1215-

1232, from Romanesque Architecture, Sculpture, Painting, 308 

                                                      

24 Christian Heck and Rémy Cordonnier, The Grand Medieval Bestiary: Animals in Illuminated Manuscripts 

(New York: Abbeville Press, 2012), 375. 
25 Frans Carlsson, The Iconology of Tectonics in Romanesque Art (Hasselholm: Am-Tryk, 1976), 97. 
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Curiously, while most lion corbels are in pairs, supporting two sides of the 

portal, the lion in the archivolt is by itself, with an ox supporting the other side. 

Although this may simply an artistic choice made by the sculptor, it arguably adds 

additional meaning to the archivolt, as the lion and the ox each bear their own 

significance.  

Both the lion and the ox are symbols of the Four Evangelists, represented by four 

iconic animal figures. In the Souvigny Bible, a Bible written in the 12th Century France, 

the lion was described to overcome death, drawn from the legend that the lion can 

revive its cubs with its roar. This ability is potentially linked to the theme of resurrection 

after death in the Apocalypse, which makes the lion representative of St. Mark. 

Although this invincibility is sometimes linked to Christ himself as well as the Greek 

demigod Hercules, who was a popular figure during the Middle Ages, the lion’s special 

ability which is more combined with the its symbolic association with martyrs. The 

Lion’s martyrdom stems from a story in the Old Testament:  the prophet Daniel was 

thrown into a den of lions by Babylonians but was spared by the lion. In this story, 

Daniel plays the role of the sacrifice, whom the lion forgave due to his own innocence. 

Therefore, in depictions of the Last Judgement, as one of the Evangelists, the lion would 

roar and revive all martyrs and grant them access to the New Jerusalem. 25F

26 Given that the 

                                                      

26 Christian Heck and Rémy Cordonnier, The Grand Medieval Bestiary: Animals in Illuminated Manuscripts, 376. 
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lion sits on top of the entrance to the gate of the Alife cathedral, its presence may 

provide the visitors comfort in knowing that they will both attack the sinners and 

redeem the faithful on the day the world ends, watching vigilantly as its head 

deliberately twisted to face the front, while its body clutches onto the side of the wall.  

 

Figure 12: Haimo Apocalypse, Four Living Creatures, 12th Century, lion with 

martyrs (bottom left), from Apocalypse Illuminated, 87 

2.4.3 The Ox 

  The ox was given a position equivalent to the lion on the archivolt of Alife 

in the Brummer Collection. Along with other bovines, they are often seen as gentle, tame 

creatures with noble qualities, due to their helpfulness to peasants during farming 

seasons. It is not generally associated with malice, and its stature as the right-side corbel 

of the archivolt also attests to this speculation. As one of the Four Living Beings, the 
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bovine alludes to St. Luke, who is known to be sacerdotal in temperament. As cows are 

often sacrifices made to appease the Gods in Roman ritualistic contexts, St. Luke is often 

described as the sacrifice, mainly due to the fact that his Gospel was dedicated to the 

story of the priest Zachariah offering a fatted calf to be sacrificed that the younger son 

would be revived in exchange. This was a parallel to the sacrifices Christ had made for 

the people, to atone for their sins in his death. The presence of the Four Living Creatures 

marks the omen for the beginning of the Apocalypse, where all humanity rises from the 

dead and are judged based on their own actions. This is possibly the major symbol that 

is in-line with the iconography of the Alife archivolt.  

 

Figure 13: Russian icon, St. Luke the Evangelist,18th Century, retrieved from 

Wikipedia Commons, 

https://commons.wikimedia.org/wiki/File:Saint_Luke_the_Evangelist_-_icon.jpeg 

Another story that involves the bovine is one of the famous stories of Moses and 

the Golden Calf Statue, which was written in the Old Testament and often made into 

illustrations in manuscripts. As Moses was receiving the Tablets of Law, the people 

waiting for him grew agitated and began to think that they had angered the Gods. 

Turning to Aaron for advice, the priest fashioned a gold statue of a bovine, which the 
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people immediately began to worship. Moses, seeing this, condemned the people and 

destroyed the statue. This story’s denunciation of idolatry was particularly relevant in 

the Middle Ages when illuminated manuscripts were prohibited from being individual 

objects of worship. It is unclear whether the calf in the statue was of a sinister nature, but 

it could be argued that the calf could be a ‘sacrifice’ to serve as a lesson to Christians 

regarding the subjects of their faith. 
26F

27 It is unclear whether one depiction of animal can 

refer to both narratives at the same time, but it is possible that the ox corbel can as serve 

as a reminder to the visitors of the cathedral to not stray from religious law. 

 

Figure 14: Esteban March, Story of the Golden Calf, by circa 1650, retrieved 

from Google Arts & Culture, https://artsandculture.google.com/asset/the-golden-

calf/5gG3qqNAf_S3ZA 

2.4.4 The Serpent 

The serpent, who played the major antagonistic role in the Original Sin, was one 

of the symbols believed to be almost exclusively evil in the Middle Ages. Its intelligence 

and ability to converse enables it to coax and to deceive, which in turn gives the serpent 

                                                      

27 Ibid, 178. 

https://artsandculture.google.com/asset/the-golden-calf/5gG3qqNAf_S3ZA
https://artsandculture.google.com/asset/the-golden-calf/5gG3qqNAf_S3ZA
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a position that stands close to the heart of humans, making it all the more dangerous. It 

is said in the Original Sin that their current appearance known to us is due to God’s 

punishment of the serpent for its sin.  A lack of description on how it looked before the 

Fall was left open to imagination. Some thought the serpent was originally half man, 

half reptile, and some thought the serpent to be an amalgamation of a reptile, a lion, a 

dog and sometimes with the wings of bats or birds. 27F

28  

 

Figure 15: Psalter, An imagination of the serpent before the Fall, The Original 

Sin, France, 13th Century, from The Grand Medieval Bestiary, 530 

One of the most prominent sins of the serpent is its pride—often considered the 

worst sin within the Judeo-Christian thought—and for its hubris it refused to accept its 

preordained position and role.28F

29 Since it is condemned to the same sin as the Fallen 

Angel Lucifer, the snake is often represented in different manuscripts as the Antichrist 

or the False Prophet.29F

30 Different species of serpents and reptiles, such as the viper, the 

                                                      

28 Ibid, 526. 
29 Ibid.  
30 Emmerson, Apocalypse Illuminated: The Visual Exegesis of Revelation in Medieval Illustrated Manuscripts, 89-90. 
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asp, the cobra, and the salamander, became manifestations of different forms of desire 

and sin. As if the known forms of the serpent are not enough to reflect the malice of 

mankind, serpents at times take the more bestial forms, such as dragons (the famous one 

being the Leviathan), basilisks, crocodiles, and occasionally, whales. However, contrary 

to popular belief, the representation of snakes in different religious text is not always 

negative. Rather than trying to determine exactly which serpent the archivolt of Alife 

depicts, it is perhaps best to determine the narrative through its interaction with the 

human figures; serpents, although uniformly symbols of Evil, played significantly 

different roles in different stories. 

On the Alife archivolt in the Brummer Collection, the serpentine creature is 

entangled with two men, one in proximity to its mouth, and one at its tail. The size of its 

head and fish-like scales suggest that this serpent is of a more mystical nature. Visually 

similar to a dragon, the serpent opens its jaws at the man, revealing its sharp teeth. One 

of the common depictions that is similar to this scene is rise of the Leviathan, a 

legendary sea dragon, who swallows sinners during the Apocalypse. The Leviathan, a 

dragon of intimidating size, acts as a gate to Hell where the sinners are eternally 

damned. The men on the arch of Alife could be exactly that, sinners who are about to 

face their punishment by entering the mouth of the dragon. 30F

31 

                                                      

31 Toman, Romanesque: architecture, sculpture, painting, 329. 
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Figure 16: Conques-en-Rouergue (Aveyron), Leviathan swallowing sinners, 

from Romanesque Architecture, Sculpture, Painting, 330 

Another popular illustration during the Romanesque Period provides a potential 

alternative to this interpretation. A famous story in the Old Testament describes a 

certain Jonah, who, in defiance of God, escaped into the ocean. Quickly becoming weak 

to the unpredictability of the ocean, he was drowning, repenting and praying to God for 

help. God, forgiving him, sent him a whale to swallow him and spit him out, rescuing 

him from the ocean. As much as this tale was well-known in the Middle Ages, there 

were very scarce witnesses to a whale’s true appearance, giving its illustration a great 

degree of artistic freedom. In illuminated manuscripts, whales were often described as a 

monster resembling colossal fish, but as was the case with Medieval imagination, 

sometimes the whale is sculpted and drawn to be a sea monster like the Leviathan, 

having a serpentine body, a square head, and sometimes claws and trident tails. No 

matter the whale’s appearance, however, Jonah’s entrance and exit from the whale are 
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the two focal points for visualization within the Romanesque aesthetic because it 

represents resurrection and redemption. 31F

32 

 

Figure 17: Ravello, S. Giovanni del Toro, detail of Jonah Emerging from the 

Whale, from Romanesque Sculpture in Campania, 211 

 

Figure 18: Gaeta, Cathedral, campanile, Jonah emerging from the Whale, from 

Romanesque Sculpture in Campania, 212 

Another case where the serpent was illustrated in a positive light was the story of 

Moses and the Bronze snake. The snake was called by Moses from the desert to protect 

the Israelites from an onslaught of real snakes: “Set up a brazen serpent, and set it up for 

a sign, whoever being struck on it shall look on it, shall live.” 32F

33 In the Gospel of John, this 

was said to be related to the Crucifixion. In some cases, this relation prompted the snake 

                                                      

32 Glass, Romanesque sculpture in Campania: patrons, programs, and style, 205 
33 Numbers 21: 8. 
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to replace Adam’s skull, a symbol of Salvation and forgiveness, in some of the 

illuminated manuscript. The popularity of this story led to the snake as representative of 

Saint John the Evangelist, who blessed a cup of poisoned wine after which the poison 

left the cup in the form of two snakes. The wisdom of St. John is then projected onto 

these serpents who, at times, themselves symbolized the wisdom of God.33F

34 If this was 

the sculptor’s intention with the archivolt of Alife, the narrative of the serpent would 

change drastically. Perhaps the two men were simply hoping for redemption by 

grabbing onto the serpent, who was acting as their savior.  

2.4.5 The Tailed Monster 

A tailed monster is seen to be intertwined with two other men, on the curve 

opposite of the serpent scene. The monster has big, round eyes with the face of a lion. It 

has decorated and highly textured shoulders, and most prominently, a serpentine tail. 

Hybrid animals such as this creature are popular in pagan stories, and in the early 

Romanesque sculptures these animals are illustrated to induce an impact amongst those 

who see the sculpture, and therefore prompt them to go to the church in hopes of never 

facing these creatures in Hell. 34F

35 

Its seemingly hybrid nature makes it more difficult to discern its iconographic 

meaning, but there are still some features that give away its potential role in the scene of 

                                                      

34 Christian Heck and Rémy Cordonnier, The Grand Medieval Bestiary: Animals in Illuminated Manuscripts, 533. 
35 Toman, Romanesque: architecture, sculpture, painting, 84. 
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the Alife archivolt. Monsters with serpentine tails, or curvy, elaborate tails in general, 

are creatures whose symbolism was related closely to the malevolent representations of 

the serpent. In illuminated manuscripts of the Apocalypse, the devil, having the ability 

to incarnate into innumerable forms, gives away his identity by revealing an elaborate, 

twisting tail. An Augustinian scholar at the Notre-Dame de Saint-Omer in France had 

created an illuminated manuscript that has such creature in one of the pages, where the 

False Prophet rides the Devil in the form of the Leviathan, in this case a drawn as a 

dragon with paws, scales, and a long, coiled tail. 35F

36 In the Beatus Apocalypse, two beasts 

are shown as members of the Anti-Trinity:  one has a looped tail, and the other has the 

head of a snake, mouth agape, on the tip.36F

37 Perhaps the creature on the archivolt at Duke 

are simply attacking sinners, tormenting them, and eventually dragging them to its own 

realm. Although hybrid creatures are generally difficult to identify, one of the mystical 

beasts dating back to ancient Greece bears some resemblance to the creature on the 

arch—the manticore. It is described as a chimera of all major predators in the animal 

kingdom—the face of a man, the size and body of a lion with red skin, blue eyes, three 

rows of teeth and the tail like a scorpion, with a stinger on the tip. Most iconographic 

representations stay true to the text, but the human head is sometimes either not 

depicted at all, or contorted to be more beast-like, making it ambiguous whether the 

                                                      

36 Emmerson, Apocalypse Illuminated: The Visual Exegesis of Revelation in Medieval Illustrated Manuscripts, 80 
37 Ibid, 89. 
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Figure 19: Lambert of Saint-Omer, False Prophet on Leviathan, from 

Apocalypse Illuminated, 89 

 

Figure 20: Las Huelgas Beatus Apocalypse, Frogs from mouths from anti-trinity 

of evil, from Apocalypse Illuminated, 80 

head is that of a man. In addition, the tail sometimes looks more flexible than that of a 

scorpion, based on observation from different illustrations. Although the manticore itself 

is not often featured in Christian texts, there are commentaries in the Book of Revelation 

and the Book of Daniel, written by Beatus, that the portrayal of the manticore is similar 
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to that of the infernal locusts, who are unleashed from Hell to scourge humanity. 37F

38 

Given the arch’s overarching theme of the Apocalypse and the Revelation, perhaps this 

hybrid creature is the locust in the sculptor’s mind.  

 The tailed creature on the archivolt is one of the more mysterious icons because 

there are simply too many possibilities and variance to determine its true nature. While 

it can be observed that the creature has certain, although slightly deviated, features of a 

manticore, we cannot discern if that was the sculptor’s intention. Regardless of what this 

beast truly is, however, it is clear that it does not embody the pious qualities of the 

religious faith. 

 

Figure 21: Pierre Sala, A Dragon Displaying the Characteristics of the 

Manticore, France, late 15th Century, from The Grand Medieval Bestiary, 403 

                                                      

38 Christian Heck and Rémy Cordonnier, The Grand Medieval Bestiary: Animals in Illuminated Manuscripts, 402. 
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Figure 22: Bestiary of the Transitional Version, The Manticore, First Family, 

England, late 12th Century, from The Grand Medieval Bestiary, 402 

2.4.6 The Birds 

A pair of birds are depicted on one of the top panels of the archivolt at Duke 

University. The weathered condition of the surface prevented the viewers from 

perceiving distinct features, making it difficult to ascertain the exact species of these 

birds, which greatly compromises its iconographic message. This is especially true for 

birds, since specific meanings are assigned to each different species. From the general 

appearance and the theme of the sculptures, it is probable that the birds are either doves 

or raven, two types of avian creatures closely associated with mankind and God. 

The dove is said to have a special place amongst the animals, because it “is the 

only animal besides the lamb that direct incarnates of the divine figures in the New 

Testament.”38F

39 Because of this, it is usually a direct representation of the Holy Spirit, at 

times surrounded by divine light and haloes in illustrations. The Goodness represented 

in doves makes the bird the polar opposite of the snake in its nature. If not depicted as 

                                                      

39 Ibid, 249. 
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an incarnation, the doves, corresponding to its role during the Medieval Ages of being a 

messenger, act as the envoy of God.39F

40 Christ’s Resurrection is sometimes represented by 

two doves drinking from a chalice, facing each other. 40F

41 Although undoubtedly the 

position of the birds in the figure is similar to that of the pair on the Alife archivolt, since 

the chalice is essential to complete the symbolism, the similarity is likely accidental. 

Should these birds on top of the Alife archivolt be doves, their existence more likely 

indicates either the presence of the holy spirit, or plain Goodness. As both the 

Romanesque sculpture and the Revelation favor balance and harmony, the doves can 

balance out the possible malice that is more concentrated towards the beasts on the 

bottom.  

 

Figure 23: Brommes, Auvergne – Modillion on apse, Two birds with the 

communion cup, from “Some Birds in Romanesque Sculpture”, 6 

                                                      

40 Ibid. 
41 Julianna Lees, “Some Birds in Romanesque Sculpture,” Yumpu.com, accessed November 30th, 2018, 

https://www.yumpu.com/en/document/view/33570966/some-birds-in-romanesque-sculpture-the-green-

man-of-cercles.  

https://www.yumpu.com/en/document/view/33570966/some-birds-in-romanesque-sculpture-the-green-man-of-cercles
https://www.yumpu.com/en/document/view/33570966/some-birds-in-romanesque-sculpture-the-green-man-of-cercles
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It is possible that the birds could be ravens. Although ravens are often depicted 

much larger, without a comparable scale (such as other avian creatures), it is difficult to 

discern its relative size. Resembling doves in terms of shape and appearance, the raven 

was said to also be originally white before the events of the Noah’s Ark, where it was 

assigned a duty to the find a new haven during the Flood, but never returned. It was 

then condemned for straying from its duty and turned black to expose its sin to all who 

looked upon it. Many theories discuss the potential reasons the raven did not return. 

The more predominant theory, written in the Avarium, claims that the raven got 

distracted by corpses and began to feed on them. This act of the raven pecking at dead 

bodies is often represented in illuminations, reflective of the sinners who had lost to 

their own carnal desires. The raven’s habit of first pecking out the eyes and then sucking 

out the brain from corpses is also indicative of the Devil, who clouds people’s 

judgements by targeting their prudence (eyes), and their intelligence (brain). 41F

42 

 

Figure 24: Richard de Fournival, Crow pecking the eyes of a corpse, Bestiaire 

d’amour, France, early 14th Century, from The Grand Medieval Bestiary, 270 

                                                      

42 Christian Heck and Rémy Cordonnier, The Grand Medieval Bestiary: Animals in Illuminated Manuscripts, 267. 
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However, like with all animals of the Medieval Era, the raven is not always 

painted negatively. In a biblical passage in the Three Kings, the Prophet Elijah, who was 

suffering from starvation, was fed by ravens. The birds delivered bread to him every 

day, repenting for their sins and hoping to gain redemption through helping the 

prophet. This led to the symbolic of meaning of the raven as a preacher of sermons who 

embodies his flock’s former sins through the blackness of its feathers. 42F

43 Ravens’ status as 

worshipper, repenter and preacher can also be seen in St. Francis’ sermon to the birds, in 

which the raven was sometimes depicted to be a participant. St. Francis’ Sermon became 

so popular, particularly in England, that some manuscripts even portray these 

supposedly evil, rapacious birds doing God’s bidding, surging from heaven and 

punishing the sinners during the Apocalypse, likely converted by St. Francis. 43F

44 The 

hypothetical meaning of the pair of birds on the Alife archivolt as ravens, consequently, 

becomes two-fold. They can either correspond to the side of Evil and represent devils 

who plague the hearts of the people, or they are creatures of penance hoping for 

Salvation.  Both interpretations are viable within the context of the Apocalypse and the 

Last Judgement. 

                                                      

43 Ibid. 
44 Francis Donald Klingender, “"St. Francis and the Birds of the Apocalypse," Journal of the Warburg and 

Courtauld Institutes 16, no. 1/2 (1953): 13-23. 
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Figure 25: Malvern, Dyson Perrins, Birds diving during the Apocalypse, from 

"St. Francis and the Birds of the Apocalypse", 2 

 

Figure 26: Suffolk, Wiston Church, Wall Painting, 13th Century, from "St. 

Francis and the Birds of the Apocalypse", 1 

2.4.7 The Horses 

Beside the pair of birds, there are several winged horses on the left-top panel of 

the archivolt of Alife. Three horses are seen in one panel, and a possible fourth, located 

in the top corner just above the scene depicting serpent and men, resembles, but is not 

entirely identical to, the other three. Winged horses are reminiscent of the Greek 

mystical creature Pegasus. Born from Medusa’s blood, tamed by Hercules, and rode by 
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Bellerophron on his way to a battle, Pegasus was the symbol of loyalty and virtue. 44F

45 

However, Pegasus does not appear often enough in Medieval iconography to have a 

clear iconographic meaning and does not play a role in the Apocalypse or the 

Revelation. The name Pegasus is also not spoken in plural, and in the mythology, there 

was also only one Pegasus. Despite the resemblance, it may be too rash to assume that 

these horses refer to the Greek creature. 

 

Figure 27: Pacino di Buonaguida, Miniature of Pegasus at the foot of a 

mountain, Italy, retrieved from British Library Catalogue of Illuminated Manuscripts, 

https://www.bl.uk/catalogues/illuminatedmanuscripts/ILLUMIN.ASP?Size=mid&IllI

D=42531 

If the fourth horse-like creature is indeed a horse, then the presence of four 

horses may indicate the Four Horsemen of the Apocalypse. Mentioned by John in the 

Revelation, the Four Horsemen are summoned by Christ and mark the beginning of the 

                                                      

45 Christian Heck and Rémy Cordonnier, The Grand Medieval Bestiary: Animals in Illuminated Manuscripts, 308. 
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Last Judgement by bringing the Apocalypse. The horsemen ride their respective horses 

with a distinct color: Conquest rides the white horse, War rides the red, Justice rides the 

black, and Death rides the pale horse. 45F

46 It could be that these horsemen instigated all of 

the other scenes on the Alife archivolt. However, often the horsemen are depicted 

separately from their mounts, and they are curiously not present in the Alife archivolt’s 

reliefs. As much as this speculation seems to support the general theme, without seeing 

the horsemen or knowing the color of the horses, the symbolism of these animals 

remains unclear.  

 

Figure 28: Henri de Ferrières, Four Horsemen, Livres du roy Modus et de la 

royne Ratio, , France, early 15th Century, from The Grand Medieval Bestiary, 311 

There are other animals on the Alife archivolt at the Nasher Museum, but the 

abraded surfaces of the arch have compromised the detailing of these creatures. These 

remaining animals are crammed into the nooks of the already-cramped spaces of the 

arch, most of the time only revealing a portion of a head or a body. This make it more 

                                                      

46 Ibid, 309. 
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challenging to determine the exact iconography or intention of the sculptor.  I speculate 

that they were there simply to create a general sense of chaos. Although the arch 

expresses themes related to the Resurrection, the Apocalypse and the Last Judgement 

effectively, whether the remaining figures of the arch represent Good, Evil, or both, 

remains ambivalent. Thus, an interpretation of these figures is left to modern viewers to 

decipher. 
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3. The Alife App, Goals and Design Choices 

The digital component of this thesis—The Alife Bestiary AR App— features an 

iOS application leveraging Apple’s ARKit object recognition scanning and recognition 

technology. It is built upon the JavaScript framework ViroReact, a React Native based 

library that implements a comprehensive virtual reality and augmented reality 

development workflow. The object recognition technology allows users to point their 

phone at a particular section of iconography on the relief of the archivolt of Alife. ARKit 

then enables the phone to recognize the objects in its camera’s viewfinder.  Detailed 

research information directly related to the scanned section is made accessible to the 

users through a virtual overlay placed on the camera view of the object. This augmented 

reality display includes various forms of multimedia, including text, images, and 

sounds. The project can later expand to include videos and animated images. This 

chapter will highlight the reasoning behind the design choices of the digital component 

as well as give an overview about similar augmented reality applications that are 

already implemented in museums today.  

3.1 The Intention of the Application 

The goal of this digital project is to make accessible the scholarship about the 

iconography of the archivolt while encouraging an open discussion amongst the general 

public about the artifact’s potential importance. The previous chapter emphasizes that 

the background of the archivolt of Alife, particularly that involving the iconography of 
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the artifact, is surrounded by mystery. Although speculations about the iconography can 

be made, there are multiple plausible interpretations. However, not exclusive to this 

particular artifact, the complexity of the scholarly discourse regarding an artifact is often 

not disclosed to the general public. Textual explanations placed beside an artifact often 

offer a linear interpretation and do not hint at how the provided information can be 

contextualized. As Michel Foucault’s Archaeology of Knowledge challenges the historical 

canon by suggesting the idea of a non-linear history consisting of conflicting political 

and historical records, contradictory information and knowledge about an artifact can 

also be presented in a non-linear fashion within a museum context.46F

1 Therefore, using the 

complexity of the iconographic interpretations of the archivolt of Alife, the digital 

project—tentatively named The Alife Bestiary AR App—seeks to allow museum visitors 

a glance at the research behind the scenes. To be more context-specific, the application 

educates the general public about the potential interpretations to the iconography of the 

archivolt through the affordances of contemporary technology.  

Prior to this application, two other web projects documenting the information on 

the archivolt of Alife had been developed. One was created by Joseph Williams and Kiki 

Fox, which is a website documents the history of the archivolt as well as reconstructing 

the archivolt in its original context through 3D models. The website put heavy emphasis 

                                                      

1 Michel Foucault, Archaeology of knowledge (Abingdon: Routledge, 2013). 
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on extensive research on the antique marble of the archivolt, mapping out its trade 

routes and possible origins, using various forms of multimedia such as 3D models, 

photos, and video explanations as to what the archivolt originally looked like on the 

Cathedral of Alife, and how the marble came to become the material for this artifact. 47F

2 

The other project is an interactive web application that briefly explain all aspects of the 

archivolt, including the iconography, in a simplified manner.48F

3 No extensive research or 

explanation regarding each animal is provided in the web application, which seems to 

cater to a predominantly younger audiences. These projects are valuable assets that 

document both the background as well as the research of the archivolt, and with the 

intention of supplementing the research of the previous two web resources, the Alife 

Bestiary AR app seeks to explain more extensively on the iconography of the archivolt, 

which remains a under-explored topic in the discourse of this artifact. The Alife Bestiary 

has the prospect of being combined with the content of its predecessor, thus expanding 

to an educational application that presents all aspects of the archivolt in an interactive 

and meaningful way. 

                                                      

2 Joseph Williams and Kiki Fox, “Alife Arch,” accessed November 9th, 2018, 

https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-

marble-trade/. 
3 “Alife Web Responsive Design”, Duke University, accessed February 20th, 2018, 

http://people.duke.edu/~seminars/AlifeWebAppResponsiveDesign/home.html. 

https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-marble-trade/
https://sites.duke.edu/vms201sl_001_s2012_arch/introduction/appendix-1-interactive-map-of-ancient-marble-trade/
http://people.duke.edu/~seminars/AlifeWebAppResponsiveDesign/home.html
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3.2 Why Augmented Reality 

Augmented reality (AR) is a technology that takes its users out from a 

completely virtual world and instead puts virtual components into the physical world, 

thus enhancing or “augmenting” the tangible reality we live in. 49F

4 In order to understand 

the advantages of AR, it is important to discuss its alternative, virtual reality (VR), which 

consists of a complete virtual reality that completely obstructs the user’s view of their 

immediate surroundings. While these two technologies are subjects of interest to enrich 

and enhance the museum visiting experience, the experiences they offer differ 

drastically. A comprehensive survey of current virtual museums projects was published 

in 2009, stating that the main purpose of an exclusively virtual museum, along with its 

information about the object, is either for archival or wide circulation purposes. Due to 

the digital nature of a completely virtual museum (which ranges from 3D models of 

artifacts, websites, museum mobile apps and infographics to fully immersive virtual 

reality scenes), the informational assets can be distributed over the internet to a broader 

audience at little cost. A virtual museum tends to coexist with a physical, real museum 

and act as publicity that attracts more visitors to the site, or allow virtual visitors who 

cannot visit the physical location a “museum-esque“ experience. It has been noted by 

Styliani et al that virtual visitors are also not interested in compulsory, textual learning 

                                                      

4 Eric Klopfer and Kurt Squire, "Environmental Detectives—the development of an augmented reality 

platform for environmental simulations," Educational technology research and development 56, no. 2 (2008): 203-

228. 
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through the virtual environment and are instead experience-oriented. In this case the 

emphasis is on compelling visual stimuli rather than communication of in-depth 

information. This is perhaps due to the fact that the virtual experience is considered 

separate from the physical museum and does not act as a complete replacement. While 

the virtual museum, unbound by space, can contain more information than a physical 

museum, the paper concludes that its “virtuality” often does not foster the same 

consumption of knowledge as an on-site visit; therefore, it may only serve to direct the 

visitors to the real museum, and does not directly impact the experience of an on-site 

visit, during which the individuals are more willing to learn.50F

5 While completely virtual 

museum may build an immediacy between the object and the user by allow the users to 

directly interact, manipulate, and even “touch” the artefacts in its environment, the 

obstructive nature of the surrounding physical environment suggests that VR may be 

more beneficial as an off-site experience that supplements the real visit. 

The virtual rendition of museum exhibits is also completely based on computer 

graphics and only delivers a “near-reality” rendering of the information, causing certain 

aspects of the exhibit’s physicality to be lost. Consisted of calculated lighting and 

polygons, a virtual world may contain more subjective components than a tangible and 

                                                      

5  Sylaiou Styliani, et al, "Virtual museums, a survey and some issues for consideration," Journal of cultural 

Heritage 10, no. 4 (2009): 520-528. 
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existing artifact.51F

6 This subjectivity often lies within the lighting and shading options of 

3D models of an exhibition, or a virtual, created environment where the exhibit is 

placed, because they are essentially simulating reality. These virtual assets can be easily 

manipulated from the computer and be presented in drastically different ways, and this 

presentation is inevitably dependent on how the creator of the scene sees the object, thus 

making them more subjective than objects in the real world. Although the ability to 

manipulate the virtual version of the object would be advantageous in providing new 

ways for users to view and interpret the object, due to the high fidelity of the imaging 

software, this subjectivity can be easily dismissed by the visitors of this virtual scene. 52F

7 

This phenomenon of visitors misconstruing the virtual information, which should only 

be interpreted as a reference to the real object, as the physical canon echoes how visitors 

interpret and accept the linear descriptions given by the museums. To combine the 

advantages of both presenting virtual information and experiencing the physical object, 

augmented reality is the suitable technology for the goal of this project. Using 

multimedia overlays, the virtual components can delineate information about the 

iconography in a dynamic way, and by making this overlay accessible through object 

recognition, the tangibility of the real object is also preserved. This design enhances the 

                                                      

6 P. Miller, J. Richards, “The good, the bad, and the downright misleading: archaeological adoption of 

computer visualisation.” BAR INTERNATIONAL SERIES 600 (1995): 19-19. 
7  Nick S Ryan, "Computer based visualisation of the past: technical realism and historical credibility," 

Imaging the Past, British Museum Occasional Paper 114 (1996): 95-108. 
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on-site experiences rather than acting as a virtual, self-sustaining component that is 

isolated from the physical exhibition. It promotes a sense of immediacy between the 

information displayed and the object itself, allowing visitors to “interact” with museum 

artifacts directly and obtain information on their own volition. This is particularly 

important in the context of the archivolt of Alife. As an artifact with intricate details and 

rich background, it benefits from close inspection of its details. This is especially true for 

the animal reliefs, which have nuanced iconographical meanings to each of them. 

However, the dense entanglement of these animates may be too chaotic for the visitors 

to identify the animals and their meaning. This discrepancy between visitor interest and 

the rich background information can be addressed through object recognition 

technology, which prompts the users to point the device to the animals, naturally 

directing their attention to focus more on an individual animal rather than the archivolt 

as a whole. As the user interacts with the iconography while trying to get the animal 

recognized, the immediacy between the object and the user would ideally be what elicits 

the user’s interest in reading more in-depth information. This makes the archivolt a 

suitable subject for determining the effectiveness of using AR in communicating 

scholarly information. 

Other than the hybrid nature of the AR technology, according to a review from 

Bacca et al, the major affordances of augmented reality are “real world annotation, 

contextual visualization and vision-haptic visualization. These affordances are 
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supported by existing theories like multimedia learning theory, experiential learning 

and animate vision theory.” 53F

8 The affordances of this new media mainly highlight 

visualization annotated directly on real world scenes, which suggests that AR may 

achieve more effective communication when used in an educational context. AR also 

encourages more on-site engagement for visitors in the museums, directing their 

attention to the exhibitions and enriching their visitor experience. Presenting the 

iconographical information from the previous chapter in AR may also elicit interest 

amongst the visitors and inspire a higher memory retention rate, although this is 

contingent on how the application is designed. The effect of augmented reality in 

education and learning will be discussed in detail in upcoming sections. 

3.3 AR in Action—Education, Technology and Museums 

The potentials of augmented reality have stirred discussion about adopting the 

technology in learning environments. According to a literature survey of existing AR 

applications in the educational field, at the point of 2014 such implementation was still 

“in its initial phase.”54F

9 While there was an upward trend in education-related papers 

published, approximately 40% of which were for in the “Science” field, some of which 

indicated statistically significant results in proving the effectiveness of AR when 

                                                      

8 Jorge Bacca, et al, "Augmented reality trends in education: a systematic review of research and 

applications," (2014), 138. 
9 Ibid, 139. 
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teaching about mathematics, lab experiments, ecology and geometry. Although 

approximately 20% of the papers explored using the technology in the education of 

“Humanities and Arts”, most of them specialized in teaching a secondary language and 

vocabulary.55F

10 Other fields of the humanities and its effectiveness of education through 

AR remains unexplored. Another similar survey paper written by Hsin-Kai Wu, et al 

concludes that the AR technology seem to have a positive effect when teaching more 

abstract concepts56F

11, possibly due to one of its major affordances— “contextual 

visualization”.  Through overlaying visualization of what cannot usually be seen, such 

as atoms and bacteria, onto the real-world space, students are more likely to grasp the 

concept because imagination is not needed, especially if these visualizations are 

animated or are interactive. This is a major advantage to augmented reality because 

understanding an abstract concept is a major learning difficulty identified by students 

and teachers alike,57F

12 which explains why augmented reality in museums, more 

specifically science museums, is useful. The majority of using AR technology in 

museums has been in a scientific context, where visualization and interaction are 

applied to explain concepts physics, astrology, and chemistry.58F

13  

                                                      

10 Ibid. 
11 Hsin-Kai Wu, et al, "Current status, opportunities and challenges of augmented reality in education," 

Computers & education 62 (2013): 41-49. 
12 Ibid. 
13 For example, a study conducted by Eric Woods et al in the early 2000s focuses on augmented the science 

center experience by putting various 3D models and animations to enhance the visualization of a story book 

a textbook, which was recognized to receive positive feedback.  Eric Woods, et al, "Augmenting the science 



 

52 

This method of visualizing unseen elements is also popular with art and history 

museums. For example, Google launched its Tango project in 2017 which enhanced 

museum experiences in the Detroit Museum of Art, allowing visitors to point the camera 

of a mobile device toward an exhibition and see more details about it, such as the 

mummy inside a sarcophagus or a reconstructed color version of a now colorless statue 

relief.59F

14 The Smithsonian Museum of Natural History has also done something similar, 

overlaying realistic 3D models and animation onto large skeleton specimen of animals, 

helping visitors visualize the creature as it once existed.60F

15 Although these visualizations 

are attractive and enhance the museum experience, it should be noted again that these 

virtual “imaginations” contain some subjectivity to it, which is especially true when 

paired with another potential drawback—the virtual elements overpowering its physical 

counterpart. As suggested by Bacca et al, the dynamic and rich augmented displays can 

cause the users to focus solely on the virtual elements and neglect the physical world, 

serving as a distraction to certain details and artistry on the real objects. This diminishes 

the necessity of the exhibitions being a “augmented experience” and becomes similar to 

                                                      

centre and museum experience," in Proceedings of the 2nd international conference on Computer graphics and 

interactive techniques in Australasia and South East Asia, pp. 230-236. ACM, 2004. 
14 Steve Dent, “Google Tango AR takes you inside a mummy's sarcophagus,” Engadget, accessed December 

1st, 2018, https://www.engadget.com/2017/01/10/google-tango-ar-takes-you-inside-a-mummys-sarcophagus/. 
15 Jennifer Billock, “Five Augmented Reality Experiences That Bring Museum Exhibits to Life,” 

Smithsonian.com, accessed December 1st, 2018, https://www.smithsonianmag.com/travel/expanding-

exhibits-augmented-reality-180963810/. 

https://www.engadget.com/2017/01/10/google-tango-ar-takes-you-inside-a-mummys-sarcophagus/
https://www.smithsonianmag.com/travel/expanding-exhibits-augmented-reality-180963810/
https://www.smithsonianmag.com/travel/expanding-exhibits-augmented-reality-180963810/
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learning solely through virtual elements.61F

16 The application of the archivolt of Alife will 

try to avoid this phenomenon by superimposing media directly to the real relief without 

obstructing the view of the relief through the camera, allowing the users to view the 

physical scene closely. 

Although augmented reality applications are beginning to be adopted by 

museums, studies determining the effectiveness of AR educational methods are mostly 

contained within a classroom setting, as stated by Bacca, et al. This is because the mode 

of learning in museums is significantly different from that of a compulsory program in 

school. Learning for enjoyment, otherwise known as informal learning, is the core form 

of education in museums. Various museums, zoos, and cultural heritage sites engage 

their visitors by creating interesting exhibitions, events, and activities in order to 

communicate information, and a successful informal learning experience is dependent 

on its ability to hold a visitor’s attention for an extended amount of time. 62F

17 The informal 

setting of this learning environment makes it difficult to surmise the effectiveness of 

learning simply due to the variance of visitor’s attention span, interest and memory. 

Studies that focus on the learning aspect of augmented reality in museums seem to use 

the technology to create engaging activities that aid understanding of museum 

                                                      

16 Jorge Bacca, et al, "Augmented reality trends in education: a systematic review of research and 

applications.” 
17Victoria J Marsick., and Karen E. Watkins, "Informal and incidental learning," New directions for adult and 

continuing education 2001, no. 89 (2001): 25-34. 
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materials. For example, the SHAPE consortium takes a task-oriented approach, using 

AR technology to set up a treasure hunt of virtual museum objects and have users 

deduce the functions of these objects and place them in the correct location. The project 

intends to use this activity to inspire a collaborative learning experience through social 

interactions. Because SHAPE consortium project was a work in progress, there was no 

conclusive results drawn from the study , and although the activity itself seems to 

facilitate communication between users, it was perhaps more challenging to prove its 

educational effectiveness. 63F

18  Similarly, Soga et al linked augmented reality with the 

gesture recognition capacities of Microsoft’s Kinect sensor, and tasked users to make the 

same poses as priests hosting a Buddhist ceremony. Participants were prompted to 

make the pose through instructions on a television screen. Once the pose recognition 

was registered by the Kinect sensor stationed on top of a television, the corresponding 

costumes and the Bodhisattva helmet would be superimposed on top of the user’s body 

on the screen. The purpose of this experiment was to make visitors aware of the 

different embodied practices in a Buddhist ceremony, as well as to enhance 

understanding of the ceremony itself. The project had received positive feedback in 

assisting user understanding of the contents in the museum, providing ease in 

interpreting the museum material. However, this installation was not a part of the 

                                                      

18 Tony Hall, et al, "The visitor as virtual archaeologist: explorations in mixed reality technology to enhance 

educational and social interaction in the museum," In Proceedings of the 2001 conference on Virtual reality, 

archeology, and cultural heritage, pp. 91-96. ACM, 2001. 
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exhibition nor directly connected much to the museum material itself. 64F

19 It was a separate 

experience that functioned in conjunction with the exhibition but did not need to be 

experienced inside the exhibition itself. In both studies conducted by Hall et al and Soga 

et al, the augmented reality communicates minimal information about the relevant 

artifacts, instead focusing on learning throughout the task, promoting a deeper 

understanding of the materials that were already provided by the museum. In-depth 

information about the exhibits were not presented and additional informative material 

were not made available within the project. Since the goal of the digital project of this 

thesis is to communicate comprehensive and scholarly information about one object and 

provide a different mindset when viewing object, it is perhaps better to direct attention 

to that object rather than setting a task.  

There have also been studies in art museums that focus on presenting more 

detailed information to a specific artwork through augmented reality. The approach 

taken to achieve this goal is through real-world annotation, another major AR 

affordance. This approach is identical to that of the Alife archivolt AR application, but 

the interest of these studies is to inspire personal, social and commercial interest 

amongst its visitors, rather than achieving a long-term educational effect. One particular 

study examined the relationship between enhancing the experience of an artwork 

                                                      

19 Asako Soga, et al, "Archives and Exhibits of Buddhist Ceremonial Processions for Museum (< Special 

issue> VR/AR penetrating into service fields and daily lives)," Transactions of the Virtual Reality Society of 

Japan 19, no. 3 (2014): 405-412. 



 

56 

through augmented reality and a visitor’s purchase intentions of that artwork. The study 

delves into the museum visitor psychology and compares textual cues and visual cues 

provided by augmented reality.65F

20 The study finds that the “top-down learning 

approach” is more effective in increasing aesthetic appreciation and willingness to buy. 

This approach requires the users to use their own imagination and immerse themselves 

in the world of the painting, which is encouraged more so by textual cues than visual 

cues. Textual cues also seem to provide better absorption of the information shown, 

because the lack of visualizations opens to more subjectivity and therefore personal 

attachment to the artwork, which in turn makes the users pay more attention to 

additional information. Instead of superimposing on the painting directly, the study 

found that creating a virtual ambience that complements the painting (such as filling the 

room with virtual stars to enhance the idea of Van Gogh’s Starry Night) was statistically 

more effective in influencing the purchase decisions of the visitors.66F

21 These results are 

useful for my project because purchase decisions often hinge upon learning about an 

artwork in a deeper way, which is the goal of The Alife Bestiary AR App. Textual 

explanations with sounds and references that promote imagination, rather than direct 

animations of the iconography, seem to be more suitable for the goal of this thesis 

project.  

                                                      

20 Zeya He, Laurie Wu, and Xiang Robert Li, When art meets tech: The role of augmented reality in 

enhancing museum experiences and purchase intentions," Tourism Management 68 (2018): 127-139. 
21 Ibid, 135. 
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In another attempt to promote aesthetic appreciation, a study in Taiwan used 

augmented reality to annotate a Taiwanese artist, Chen Cheng-po’s painting, 

highlighting the lines and composition through textual annotations, as well as a zoom-in 

function that allows users to examine the painting in close detail. 67F

22 Comprehensive data 

was collected and analyzed statistically, comparing the experiences between AR guided, 

non-guided, and audio guided tour. Since He, Wu, & Li’s approach to their research 

question is similar to that of this thesis project, the experiment design can serve as useful 

future reference for evaluating the Alife Bestiary application. Their experiment found 

that the time spent on and behavioral patterns generated by the AR and audio guided 

experiences did not differ from each other in a statistically meaningful way.  Moreover, 

the AR guided experience was statistically significant in performing better than the 

other two in terms of learning effectiveness, which is a particularly helpful observation 

for the application development of the Alife Bestiary application, given that both the 

research goal and the ultimate application design is similar.68F

23 Their experiment result 

indicates that their approach in using AR to addressing painting appreciation is 

effective. However, the annotations shown in the AR interface were minimal, limiting 

                                                      

22 Kuo-En Chang, et al, "Development and behavioral pattern analysis of a mobile guide system with 

augmented reality for painting appreciation instruction in an art museum," Computers & education 71 (2014): 

185-197. 
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the amount and depth of the information presented. He, Wu, & Li’s app also relied on 

2D image recognition instead of 3D object recognition. The Alife archivolt project would 

like to take a step further and explore how to present more complex ideas through an 

AR interface while exploring the effectiveness of three-dimensional object recognition. 

Another study with goals similar to The Alife Bestiary AR App was created by 

Tillon et al. It was an educational AR application supplying information about paintings 

that were only accessible to museum professionals and identifying features of the 

painting that were unique. The goal was carried out by three separate AR interfaces. The 

first interface asked the users to identify complementary colors of the painting and 

allowed the users to “manipulate” the painting’s colors by superimposing an alternative 

virtual version of the painting to the real one. User feedback suggested that this feature 

was unpopular because it interfered with appreciation of the actual painting. The 

participants preferred to use their own imagination—which is in line with the top-down 

learning approaching mentioned before. The second feature tasked the users to find a 

texture hidden within the painting to reveal a detail that would otherwise be dismissed. 

The third feature allowed users to select other paintings in the museum and view the 

virtual rendition of the selected painting superimposed onto the physical, real painting, 

highlighting the differences between them. These second and third features were 

popular with the participants. Like the Alife Bestiary AR project, this study only sought 

qualitative feedback from the participants, and therefore could not draw conclusive 
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results on learning effectiveness. Nonetheless, similar to the other augmented reality 

studies in art museums previously discussed, the actual information shown through the 

interface was minimal. The three interfaces were more action-oriented and less 

informative, and its virtual elements tended to overwhelm the physical painting. The 

Alife AR app would like to focus on providing as much information on the iconography 

without intruding on the object itself.  

Through a survey of the current literature of AR in a museum education context, 

it can be surmised that most museum visitors seem to prefer using augmented reality to 

learn. The effectiveness of this form of education is dependent on approach, and 

augmented reality is shown to be useful in both textual and task-oriented approaches. 

Although for some visitors direct alteration of the object, like that of project Tango, may 

provide engaging entertainment, when a visitor is interested in learning more about a 

specific object, they seem to dislike direct interference to their view of the physical 

object, and prefer to use their own imagination through the assistance of AR instead. 

These results served as useful references points in the creation of the Alife Bestiary AR 

App, which incorporates mostly textual and image elements in its content, as suggested 

by the results of some of the more relevant literature.  

3.4 React Native, ViroReact and Markerless Tracking 

Easy development of augmented reality applications is currently hindered by the 

fact that constituent components are still not created in an easily modular and reusable 
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manner. Although augmented reality functions are incorporated into some development 

languages such as Swift, few languages provide customizable and reusable common 

components or code snippets for things like basic UI interfaces, displaying 3D models, 

and enabling interactive functions such as floating buttons within the virtual space. In 

addition, only a limited number of mobiles—mostly the newer models—are able to 

leverage markerless tracking, which a tracking algorithm that is able to identify objects 

in the physical world, without the assistance of additionally identified “marker”. 

Instead, vast majority require image-based markers to determine where to superimpose 

virtual elements. This is the technique that is most widely available, the “marker” acts as 

an intermediary that compromises the relationship between the virtual elements and the 

physical object, which is not ideal for object-oriented augmented reality. To 

accommodate both drawbacks of developing for augmented reality, the Alife AR project 

will use ViroReact as its main development platform as well as the newly available iOS 

object recognition technology. The iOS object recognition first uses its custom app to 

generate spatial data of the object through the camera, and recognizes the object based 

on the number of matching point clouds from all sides, thus using its ARCore algorithm 

only incorporated into newer Apple devices. Naturally, this is not supported on 

Android devices as that mobile operating system adopts a different technology, ARCore, 

a technology still not fully incorporated into all Android devices. The ARCore object 

tracking technology, in comparison to similar Android alternatives such as Vuforia, is 
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visibly more stable. Most of Vuforia’s augmented reality capabilities are marker-based, 

and its object recognition has unstable detection coordinates, causing the superimposed 

virtual elements to shake randomly. Since ARCore is also not widely available yet, 

ARKit is the better option.  

ViroReact is a third-party package built on top of React Native, a JavaScript 

package that enables mobile development for both Android and iOS at the same time 

without recourse to platform-specific languages. However, due to the novelty of 

ARCore and ARKit, ViroReact still differentiates between platforms for advanced AR 

feature sets.   Nonetheless, ViroReact incorporates easily reusable and customizable AR 

and VR components into React Native, which allows for a simpler development process. 

ViroReact recently has implemented the ARKit object recognition algorithm into its 

components, which makes object detection simpler than using Swift as well. Even 

though ViroReact is not yet mature, producing the Alife AR project using this 

technology enables exploration and assessment of emerging platforms that promise to 

become mainstream in the near future.  
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4. The Alife Bestiary Application and Development 

4.1 Apparatus 

As previously mentioned, the Alife AR application is developed specifically for 

iOS systems that support ARKit. Its viewing experience is optimized on the iPad. The 

application uses ViroMedia, which implements AR interfaces as callable JSX elements in 

React Native, a JavaScript-based framework.  

The development of the application required an iPad with a system version of 

12.0 and above to enable ARKit functionalities. To develop on an iOS platform, it is 

necessary to use XCode, a Mac-only program that builds its apps for Apple devices. A 

developer’s account as well as a certificate are also needed to “code sign” the application 

correctly onto the corresponding device. For ease of testing, all code is delivered to the 

iOS device using the ViroMedia App’s “playground” interface instead of through a 

native iOS app. The code is hosted via an npm-based server program, which is 

accessible by the iPad through a wifi connection. Hosting the application in this way 

eliminates the need to repeatly rebuild and code sign the app, making testing more 

efficient. Connecting to the playground interface, in theory, should only need the 

device’s IP address, but this seems to cause connection errors on both Android and on 

iOS. Instead an intermediary program called ngrok is used to establish a connection to 

the server port number, with which a link can be generated to be used by the ViroMedia 

playground.   
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4.2 Development 

4.2.1 Scanning and Registration 

For the object recognition component to work, the Apple development team has 

provided an object registration app made available to developers (Appendix 2). The 

application, which uses ARKit, captures the object relying on mathematical spatial data 

between different “points” on the detected geometry of the object. The resulting data is 

encoded and does not generate any 3D model or additional renderings once the 

scanning process is complete. Therefore, the datasets—encoded as an iOS exclusive 

.arobject file—generated from this application are used for recognition only. An .arobject 

file cannot be opened, edited, or viewed by any software, so the validity of the data can 

only be verified by whether or not an object is successfully recognized after 

implementing it in code. 

This scanning application needs to be installed into an iOS device using XCode, 

and when the application is launched on the device, it would automatically begin to 

scan the object in front of the camera. The object should be opaque, and contain 

definable edges and curves for it to be easily recognizable. Point clouds start to generate 

as soon as the camera registers an object, and the amount of point clouds generated is 

correlated to the underlying “score” of captured visual detail, given to the object by the 

application. A “score” of 100 or above is needed for an object to be recognized 

successfully.  If the score is too low, the scan will be rejected by the application. 
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Therefore, it is best practice to move the camera around the object to generate as many 

point clouds as possible, creating more spatial data for easier recognition. The object 

itself should remain stationary during the scanning process. When there are yellow dots 

covering all of the crucial edges, the users can click the “Start” button to begin saving 

this spatial data. A yellow bounding box should subsequently surround and enclose the 

object, indicating the range of the scanning. The bounding box can then be manipulated 

by dragging on the edges and faces of the box to better frame the object of interest. The 

origin of the box can also be moved for a better fit. Defining a concise bounding box 

eliminates unnecessary point clouds outside of the box, saving memory space. Then the 

application instructs you to move around the objects until the box is completely colored.  

Clicking the “Finish” button opens an interface where users can test whether the object 

can be successfully recognized. Users also have the option to merge this scan with 

another scanning session if the results are not satisfactory. The created .arobject file can 

then be shared and used in an ARKit application. After experimenting with recognition 

by moving the object in different environments, it can be observed that recognition is 

almost always successful in places with uniform lighting and background. If the lighting 

is too dark or the background is too variable, the ARKit algorithm struggles to recognize 

the object. This was not be an issue for scanning the archivolt because it is in a well-lit 

museum space. 
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Due to the size of the Alife archivolt and the need for the application to recognize 

different iconographic traits, each iconographic “section” was scanned separately as its 

own .arobject file so that different visual elements could be attached to different sections. 

Although the registration application recommends scanning a complete object on at 

least 5 sides (back, front, left, right, and top), since the different sections of the archivolt 

are all connected to each other, only 4 sides were scanned, focusing the point clouds 

mainly on the face of the relief. It should be noted that whichever face of the object that 

was scanned first is considered the “front” of the object and therefore the default face to 

which the visual overlay is attached.  For the Alife archivolt, then, the side where most 

of the carvings are located was scanned first, serving at the “front.”  In the Nasher 

museum, the lighting conditions are consistent enough for a high success rate in object 

recognition, as confirmed by testing throughout the day. Out of the six iconographic 

symbols discussed in this thesis, only four were scanned using the ARKit app. This is 

because the remaining two reliefs are at the top of the arch, too high for a visitor’s phone 

to capture. To make these two iconographies more accessible, printed photographic 

images of the reliefs will be used as references instead as 2D markers, on top of which 

the iconographic information would be displayed.  

These generated .arobject files and images are saved within the Alife AR 

application created by ViroMedia, which are then referenced by the 

ViroARTrackingTargets function so that the files are read before the scene is loaded. The 
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registered objects are then called by the <ViroARObjectMarker> component, which 

instantiates the recognition algorithm. Any virtual elements attached to the object are 

called as its children, and the child elements only pop up when the object is successful 

recognized in the AR space. 

4.2.2 Interfaces 

At the current stage of development, when opening the Alife Bestiary app, the 

user interface is very simple. First the users are presented with a completely 2D interface 

consisting of a black, solid color background with white text. The text briefly explains 

the historical background of the archivolt and the purpose of this project, as well as 

displays images indicating points of interests on the archivolt, so that the users can 

anticipate which parts of the archivolt to scan. At the bottom of the instructions, there is 

a light blue “Begin” button. When clicked, the users are taken to the AR interface with a 

camera view of what is in front of them. 

 

Figure 29: Screen upon opening the application 
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 The AR interface first displays a 2D text element attached to the screen. It is 

overlaid on top of the camera view with a semi-transparent white background and black 

text explaining a brief instruction on how to use the application. The user can click the 

information button on the top right of the screen to make this element disappear, from 

which point the users can begin the recognition process. This UI can be brought up any 

time via the “info” button, which is always attached to the camera no matter where the 

user moves. Other buttons attached to the screen include a “Back” button on the top left 

corner which brings the users back to the launch screen of the application, as well as a 

“Reset Session” button on the bottom center of the screen which eliminates all visual 

overlays already displayed and prepares the app for a new recognition. These buttons 

are placed so that they do not obstruct the view of the camera but can still be seen and 

accessed easily.  

 

Figure 30: Instruction screen when entering the AR interface 
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When the users spot a point of interest, they would point the device’s camera at 

that specific section of the archivolt, and once the object is successfully recognized, 

multiple “info cards” pop up next to the carved animals. The cards are designed to be 

both easily identifiable and aesthetically pleasing, and each info card displays on 

average 5 lines of text so that the amount of information is not overwhelming to the 

users. Every card contains a title, which is enclosed in a bar above the body text, as well 

as a body paragraph, placed below the title, containing a brief explanation to one 

possible interpretation to its respective iconographic animal. Each point of interest 

contains two information “cards,” and each card contains reference images (animated 

and non-animated) floating around it to assist understanding. For cards with additional 

information, a display “1 of 2” and a prompt to click on the card prompts users to toggle 

the second card. Clicking the card again will toggle return to the first card. Along with 

the appearance of the cards, an audio file of the call of the animal on the relief plays to 

inspire the user’s imagination of the respective animal, making the experience more 

engaging. The cards are sized to both stay within the camera view and be easily 

readable, so that the users can look at both the information and the real object through 

the device’s camera, avoiding occlusion. The cards are attached to the object, so they are 

positioned in relation to where the object is detected, keeping both the object as well as 

the cards within view. When the users are satisfied with one iconography, they can 

either click the “Reset Session” button to eliminate all existing overlays and restart the 
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recognition process with a different point of interest. This application works the same 

way in both portrait and landscape mode, allowing users to choose their preferred 

orientation. 

 To dynamically portray the idea that several parallel interpretations can exist for 

one iconic animal, not only is each interpretation is placed on their own individual card, 

the spatial placement of the cards is also meant to show that the interpretations are to be 

understood separately. In the case where there are two cards, they are placed on 

opposing sides of the relief (left and right, or top and bottom). Each card also has a 

unique background color to emphasize differences from other interpretations. On top of 

that, there is a black bar on top on the upper edge of the screen, which initially displays 

white text saying: “No iconography detected”. When an animal is successfully 

recognized, the text changes to a statement about the animal registered, such as: “Birds: 

Doves or Ravens?” By displaying what essentially is the title text of the corresponding 

animal analysis, not only does it clarify what animal the relief is trying to portray, the 

question mark on the title also indicates that the two cards floating around the animals 

contain different interpretations.   
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Figure 31: Virtual elements when animal is recognized 

 The application itself focuses on two main interactions: pointing the camera at 

the iconography and tapping on 2D buttons, both of which should be familiar to the 

regular smartphone user. Since the purpose of this application is to learn and encourage 

the consumption of information, incorporating too much freedom in allowing the users 

to move the visual elements may distract them from the information presented. Since 

the spatial relationship between the cards and the iconography is also important, it may 

also confuse the users if they can manipulate the cards too much. Since the virtual 

content is still more presentational, it is best that the interaction techniques are kept 

simple.  
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4.3 Coding Documentation 

The application, like other apps developed in React Native, uses JSX, an HTML 

element simulation to call the rendering of a “component,” which is a JavaScript file that 

returns a customized JSX element, which includes a ready-made element like <Text> but 

styled and modified so that it can be reused in other places of the application without 

having to adjust them again. In React Native, most UI elements are separate components 

so that they can be reused and customized easily. Due to the simplicity of the Alife 

Bestiary app in its current stage, most of the UI, including various floating buttons and 

modals, are called using standard React Native JSX elements like <Button> and <View>. 

The information cards that appear when an animal is recognized, however, are instances 

of a component because it is repeatedly called while being attached to different .arobject 

files.  

As previously explained, the Alife Bestiary switches between two major 

interfaces—the introduction interface and the AR interface. Like all React Native 

applications, the Alife Bestiary toggles between these two interfaces by manipulating the 

application’s “state,” which is a variable defined by the developer that React Native uses 

to determine what components to render.  Any change in state is usually initiated by 

user input. For example, when the “Begin” button is pressed on the introduction 

interface, the state defined as “navigatorType” changes to “AR”, which then prompts 

the application to render the AR interface in replacement of the introduction interface. 
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State is used to manipulate all UI changes within the Alife Bestiary application. For 

simpler applications, state is usually managed within the parent component of the 

application instead of any of the child components because once the child component is 

re-rendered due to any of the upper-level component state changes, the child 

component states becomes reset. Because the structure of the Alife Bestiary app would 

require the child components to change the state of the parent and render different 

components from the parent component, the default React Native state management 

becomes more problematic. For the sake of distributing a “master” state which can be 

passed down to different components of the application, an additional framework called 

Redux is used to create a central storage for application state, separate from any of the 

components. 

The overall structure of the application is built upon the ViroReact example app, 

which utilizes easily styled buttons and texts. The example app renders scenes according 

to a “navigatorType” state. When the user opens the application, they are immediately 

taken to the introduction interface, which is rendered when the navigatorType state is 

“UNSET,” the default state when the application is first launched. Since this interface 

does not incorporate any AR or VR elements, this interface only uses the basic React 

Native components such as <Image> and <Text>. When the user presses the “Begin” 

button, the navigatorType is set to “AR”, which then calls on the ViroReact exclusive 

<ViroARSceneNavigator> component. This component is pivotal in generating a 
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reusable AR scene made by ViroReact because it manages and monitors the behavior of 

all AR interfaces when there are multiple, but in the context of the Alife Bestiary app it 

serves as merely a gateway to the main AR interface, which is created as another 

component.  

The main AR interface uses the component <ViroARScene>, which only allows 

ViroReact AR child components. This means that React Native components are not 

usable when they are wrapped within the <ViroARScene> element, and that any React 

Native UI components that should be rendered on top of the camera view should be 

called as a sibling component to <ViroARSceneNavigator>, wrapped around a React 

Native <View> component that is styled to seem like a transparent overlay that does not 

obstruct the <ViroARScene> window. In the context of the Alife Bestiary application, all 

buttons and modals that are not associated with the animal iconography are coded in 

this approach. A possible alternative is to make ViroReact AR components render in 

front of the camera at all times, which is available as a setting to all ViroReact 

components.  However, due to the constant camera movement when using any AR 

interface, these UIs do not remain in one place and appear jiggly because the application 

needs to recalculate the relevant 3D space location every time the camera position 

changes.  

Pressing the red back button on the left upper corner will toggle the 

navigatorType state to ‘UNSET’ again, which brings the users back to the introduction 
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interface, and pressing the information button toggles another state which decides 

whether or not to render the modal. These states are local to the component and 

therefore do not need to be stored separately, so they are not managed by Redux.  

 When the ‘Reset Session’ button is pressed, this event essentially calls the 

function arSceneNavigator.resetARSession(true, true), which removes all virtual 

elements and resets the AR scene. However, since this function is only made available in 

<ViroARScene>, which is inaccessible to the React Native button UI that is on the parent 

component, the ‘Reset Session’ button sets a Redux state called ‘reset’ to true. This state 

is then passed to the <ViroARScene> component, and with the React Native lifecycle 

method componentDidUpdate(), which calls every time the component is updated, the 

AR Scene component is able to call the function after checking the Redux reset state, and 

then set the state back to false.  

 Most of the functionalities of the application lies within the recognition 

technology. When the <ViroARScene> component is called, all files used for recognition, 

such as .arobject files and image files, are registered via the ViroARTrackingTargets 

.createTargets() function with a reference name that is available for later use. Each 

marker is called with <ViroARObjectMarker> or <ViroARImageMarker>, with using the 

reference name as target property. To make sure that multiple targets cannot be 

recognized at the same time, all markers are rendered conditionally.  In other words, 

they are only available when no iconography is recognized or when their own 
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iconography is recognized. This means that all markers are available and ready to be 

recognized when nothing is recognized, and when one marker is recognized, all other 

markers become disabled. This is necessary to achieve better stability, and to avoid a 

situation in which another iconography gets accidentally recognized when the camera is 

moved, but user still wants to read about the previous iconography. The conditional 

rendering of markers is managed by a “detected” state in Redux. When an iconography 

is recognized, using the onAnchorFound() function within the ViroARMarker 

components, the function changes the state of “detected” to the corresponding animal. 

This is both used as a variable to render the markers within the <ViroARScene> 

component and as a variable to change the text to the corresponding animal title on the 

black bar on the top of the screen in the parent component.  

 When an object is recognized, the virtual elements that are attached to the 

<ViroARObjectMarker> as child components appear. This includes reference images to 

the card (called under the component <ViroImage>), the corresponding animal sound 

(under the component <ViroSound>), as well as a custom component called AlifeCard. 

Because all information cards have the same structure and format, for the sake of 

convenience they should be coded dynamically for reuse. However, because each card is 

currently rendered as an image, which uses the require() function that does not allow 

passing anything other than a file path, it is more difficult to achieve a dynamic system. 

As a solution, when calling the <AlifeCard> component, another variable is passed onto 
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the child via props, a React Native variable that allows parents to customize child 

components, that indicates which card to display. This will be a string, such as “ox1” or 

“lion2”, which the component can use to determine which card to render. Within the 

<AlifeCard> component, the passed property (props) will be passed into a custom 

function called renderTypes, which returns an array of images using require(). The 

returned array is then set to a local state called ‘imgs’, and then the images are registered 

by the constructors as textures for application to render. When there are two cards to 

one set of AlifeCards components, one more texture will be added to the array. The 

length of the array will determine whether the component enables the clicking function, 

and when it is enabled, clicking on the card would toggle the ‘toggleText’ state, which 

switches between the first card and the second card within the same interpretation.  

The toggling between textures is the reason why the Alife Bestiary app uses 

<ViroFlexView> instead of <ViroImage> to render the cards, since the image component 

only accepts one source. However, this method yields many problems, such as the mix 

up of textures when two cards that are rendered at the same time return the same array 

length, and even the mix up of textures between different recognized markers. This is 

because even though these textures are registered dynamically, they are registered 

under the same texture reference name. When multiple cards are called, multiple 

registrations simultaneously happen at the same time, causing the next registration to 

overwrite the previous one.  This is ultimately solved by using different names for 
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texture registration under different conditional checks, as well as adding additional 

‘detected’ state checks to only render the <AlifeCard> components when the 

corresponding animal is successfully recognized. This ensures that only the <AlifeCard> 

components for one animal is called and rendered at the same time, just like with the 

markers, and that when different interpretations are being displayed, the textures are 

registered under different names.   

 Overall, the structure of the application is relatively straightforward. Most of the 

coding involves overcoming and working around ViroReact and React Native function 

structure hurdles. From the development process, it can be observed that the ViroReact 

framework is still not completely robust to create a highly sophisticated, interactive, and 

dynamic system, but ultimately it is a usable framework that allows developers to 

achieve most of the basic AR functionalities.  

4.4 Limitations and Challenges 

4.4.1 Limitations 

When using and developing the application, there are several observations about 

the overall technology of ARKit and its 3D object recognition capacities, as well as with 

ViroReact more broadly that can be used to assess the current limitations of the 

technology. For example, ARKit’s 3D object recognition has less stability and takes 

longer to register recognition comparison to 2D image recognition, both of which cause 

users to assume that the application has become unresponsive. This is perhaps 
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understandable because object recognition requires calculation of three-dimensional 

spatial data, a process that is still relatively new and not as efficient, and which may 

cause the tracking to be sometimes completely lost even though the object is directly in 

view of the camera.   Due to the current instability of marker-less tracking, a 

functionality that ViroReact has in order to stabilize the tracking is to keep the virtual 

elements attached to the relative position of when the object was last recognized, even if 

the tracking becomes lost. In terms of the application, this causes the information cards 

to “follow” the user to some extent.  In other words, even if the user moves away from 

the iconography of interest, the cards would still float in front the camera as if the object 

is still present. In this case, since the tracking frequently becomes lost and takes longer to 

re-recognize as well as update the location, the user is unable to move further away from 

the information cards, and the system is incapable of handling attaching new 2D 

elements to the object in a 360 fashion. In its current form, markerless tracking is still not 

at optimal functionality. This is also the main reason that the application disables 

multiple object markers, to avoid potential situations where multiple objects are 

recognized at the same time, which may cause complications in the virtual display, such 

as multiple cards overlapping on each other. 

Cross recognition is difficult avoid when the object recognition technology is 

applied to different facets of a single object instead of different objects, which is a 

problem more pertinent to this application. Because most of the components of the 
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archivolt are connected to each other, when trying to recognize one iconography set, the 

set next to it may become accidentally recognized instead. In testing the Alife Bestiary 

application, this cross-recognition problem happens even if only a corner of the other 

iconography is within camera view. There does not seem to be a priority logic within the 

current recognition algorithm, and the frequency of this cross-recognition seem to be 

dependent on the angle at which the camera is pointing at the site of interest. Although 

this issue can be alleviated by generating the .arobject more narrowly pinpointing the 

exact location of the iconography, this approach runs the risk of the iconography not 

getting recognized at all because it is too specific / narrowly defined. It is difficult to 

balance between ‘easy to recognize’ as well as ‘exact enough to not accidentally register 

the iconography next to it’.  

4.4.2 Challenges  

Since both ARKit and ViroMedia are relatively new, developing this application 

is not without its challenges. This section will mainly discuss these challenges, as well as 

provide an overview of the current limitations of mobile AR technology in general. 

One of the biggest hurdles during the process of developing the Alife Bestiary 

application was, surprisingly, in using the Scanning App supplied by the Apple ARKit 

team. Because this application is only available to developers, it is not downloadable 

from the App Store and must be built through XCode. Not only does this require an 

Apple Developer’s account; a prolonged process of generating certificates and accessing 
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key from keychains is needed for this application to be successfully registered on the 

iPad. One specific problem encountered when installing the application stems from code 

signing. The certificate, even though selected and detected, is not recognized as valid by 

XCode. Through testing with multiple accounts, devices, keys and certificates, the 

reason for the code signing is still unidentified. Is it unknown whether this problem is 

specific to an organization computer involving many different developer accounts, as 

the amount of available devices is limited. Eventually this problem was solved by using 

an Macbook without XCode and installing a new XCode instance with minimal accounts 

associated with it. Developers with the free account can also only use the Scanning App 

for one week per build, after which time the App, including its logs, will need to be 

completely wiped from the device and rebuilt for it to work again, which causes some 

minor inconveniences for developers unable to pay for a premium account. This 

challenge is perhaps a difficulty less specific to the ARKit itself since it is simply 

difficulty building any app in the Apple ecosystem. Although it is understandable that 

Apple wants to ensure that those who use the Scanning App are authorized developers 

who have and can build applications onto their devices, perhaps future troubleshooting 

solutions involving code signing can alleviate this issue.  

All of the remaining challenges in this project involve the specificity of the 

ViroMedia and React Native frameworks.  React Native is a relatively new framework. 

Due to its capability of simultaneously developing for both iOS and Android mobile 
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devices while translating the functions for both of these languages into reusable and 

familiar web elements makes the whole framework more difficult to accommodate 

mobile development needs across all devices. As opposed to the more stable web-based 

applications, mobile applications’ functionalities are contingent on the specific hardware 

and configurations of the physical device.  Consequently, what works on one device 

does not necessarily work on the other. Evidently this phenomenon compromises the 

stability of React Native and sometimes causes complications when building the app on 

a device. ViroMedia, an even newer framework that is based on React Native, aims to 

translate these 2D web element into AR visual overlay, and aims to modify them using 

similar CSS syntax. The difficulty of this task causes the discrepancy between the results 

of using the same syntax on fundamentally different UI code compositions.  

Rendering text was one of the major issues in developing the application. In the 

application, text -- called using the built-in ViroText component --was attached to a 

parent, called ViroFlexView, which functions similarly to a <div> in HTML. However, 

the text within the ViroFlexView is not modifiable like text with a <div>. Its bounding 

box is defined by the ViroFlexView and cannot be specified to be otherwise or the text 

will overflow outside of the parent’s boundaries, and padding cannot be added to create 

more space between the ViroFlexView and the text. ViroFlexView cannot be nested as a 

workaround to achieve the desired effect as well. In addition, text at the desired font size 

renders pixelated. It is unknown whether this is a known issue across all AR 
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applications, or if only in ViroMedia’s system does some text appear blurry and more 

difficult to read. Although changing to a larger font size and scaling the text element 

down might have resolved this issue, this workaround was thwarted when attached to a 

parent. Resolving various alignment and spacing problems when text is attached to a 

parent is troublesome and time consuming, especially since most of these issues seem to 

stem from the disabling of text configurations when it is attached to a parent. In the case 

where it is a node unto itself, these problems can be solved by using these 

configurations.  

Without understanding how ViroMedia renders texts, it is challenging to identify 

and resolve this issue. To optimize user experience and resolve the alignment problems, 

I chose to save textual content as images with an alpha background instead of callable 

components, so that its spacing and alignment will always be reliably scaled and 

positioned. This method makes the content significantly less modifiable and takes up 

more memory.  However, since it would not be limited by font styles, sizes and 

readability, it is currently the best solution for user experience. 

Another limitation that ViroMedia has is that no design modification is possible 

on its pre-given AR components.  Most of the UI within ViroMedia’s AR platform are 

images, including buttons and rounded borders. They are not customizable through a 

CSS-like syntax and are therefore have a fixed pixel size that is not elegantly adjusted, 

rendering a button or UI blurry if it is too small. Although text has some rudimentary UI 
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elements such as outer stroke and drop shadow and most of the available components 

do support animations, it seems that the current AR two-dimensional UIs are heavily 

image based. The Alife Bestiary application’s UI interfaces consists of all images because 

the default UIs are not as aesthetically pleasing. This is reasonable considering that the 

AR interfaces are significantly different from web graphics and in its composition, and it 

can be concluded that currently interactive UIs within AR are not as malleable and 

computational.  

In summary, because AR is still a technology that is being explored and 

developed, it still has some significant drawbacks on its usability and reusability. 

ViroMedia takes the challenge of equivalating web graphics development and AR 

interface development, but the discrepancy in experience between the two is still 

tangible. It is not completely stable but still usable enough to create a simple AR 

experience, which is already a considerable leap from other AR based frameworks.  
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5. Discussion and Future Work 

5.1 Initial Feedback of the Application 

Initial feedback on the application, as informally observed from several involved 

Duke staffs and students, is positive. Most expressed intrigue at the new technology as 

well as interest in the content that was displayed on the cards. Preliminary users have 

also given positive feedback towards both the animal sound effects as well as the ability 

to switch cards by clicking on them. Most have also read the information on the cards 

and have tried to get all of the available animals recognized. A Nasher Museum staff 

member has also commented that this type of interface may be interesting not only to 

those who are genuinely interested in learning about the objects, but also to families 

with small children: adults can read the information and teach the child what is written 

on the cards while the child enjoys interacting with the interface. This is an interesting 

observation that is worth further investigation. Although this is only an initial 

observation with a very limited number of people to provide any substantial meaning, it 

suggests that the application interface is a novel way to present information, enough for 

potential users to be interested in the cards. A more extensive user study on the Alife 

Bestiary application could be pursued in the future to test this anecdotal evidence. 

However, some users have commented on the lengthy time the application 

sometimes takes to recognize the iconography, and users often try to move around the 

iconography to “help” the process. This sometimes causes the application to lose the 



 

85 

original calculation and start over, which is not the desired outcome. Currently there is 

only feedback on when the object is successfully recognized and using the ARKit 

technology there is no way of knowing when the AR camera has identified an object for 

further recognition processing. This is an issue that is universal to AR object recognition 

and therefore outside the scope of this project, however, which, for better user 

experiences, the issue will likely be addressed as the technology grows.  

5.2 Application Improvement 

As mentioned in the previous chapter, the application interface is kept very 

simple and minimalist. Although its fundamental functionalities are achieved and the 

application itself is intuitive to use, it still has significant room for improvement. The UI 

can be designed to be more aesthetically pleasing, and the interface itself can provide 

more visual feedback to make the experience seem more compelling. For example, the 

UI can be designed to resonate with the Romanesque style of the reliefs by crafting 

background and textual treatments that add period ambience to the interface, 

strengthening the association between the information presented and the aesthetics of 

the archivolt as a whole. The application can animate all the UI elements when an 

animal relief is successfully recognized, providing visual cues that confirm proper 

alignment. Cards can pop up and images can show up with a slight delay for a more 

dynamic presentation, and certain keywords within explanation paragraph, such as the 

St. Mark, can be highlighted and made interactive. When a user taps on the highlighted 
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words, a brief explanation card about that keyword can pop up. This can aid the 

understanding of archivolt for visitors who are not well-versed in religious texts and 

give users the liberty to read additional information should they desire. Besides the AR 

interface, the application can also include additional tabs and pages similar to traditional 

mobile applications. The pages can include detailed introductions to the history of the 

arch, as well as links to additional readings which the users can view before or after 

their visit to the Nasher Museum of Art. Since the information presented through the 

AR interface is still limited, users who are interested in learning more can also have the 

option available to them. These additional elements would also be in line with the 

educational goal of this project as a whole, and whether visitors are interested in these 

additional pages can be valuable data for evaluating the AR interface. This is especially 

true because there is already an existing web-app about the Alife archivolt that describes 

in detail the history of its material. The valuable information about the non-

iconographical aspects of the archivolt outlined in the previous web applications could 

be integrated into this AR experience. The application itself would be more complete 

with assets of the web applications combined into the mobile AR app. The abundance of 

information would also assist in providing insight to the users about the scholarship 

behind what is being presented at the physical museum as well.  

In terms of more seamless user experiences, the application could be improved 

so that the users can view the information cards in the way that is comfortable to them. 
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For example, in addition to the default AR interface, there can be another mode that 

enables the users to simply have the object recognized and read about them on a 

webpage. Alternatively, there could also be a “free move” mode where they can move 

the information cards to a comfortable viewing angle, with an image of the iconography 

next to the cards if the camera view no longer has the object in view. This would 

diversify the application and cater to the differences between user preferences in 

learning, and the data collected for user usage of each mode would also be valuable to 

similar future projects as well. 

Incorporating a task-oriented option to the AR interface would also be an 

interesting approach to foster learning about the archivolt. Giving the user the option to 

“gamify” the learning experience may be compelling to a broader and younger audience 

who values activities. The AR interface can have a button to switch to “Game” mode 

where users are asked to spot all the iconographic animals on the arch and type in what 

they think the animal is. Once they enter a plausible answer, the interface would 

indicate where their speculation fits within the available understandings of the 

iconography. Although this would be a different approach to what is currently available 

in the application, it would also be interesting to evaluate the effectiveness between 

these two approaches and the demographic to which each approach appeals to.  

Unfortunately, the current application is mainly hosted on the ViroMedia 

application playground and has not been built into a complete app, so currently it does 
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not have a splash screen or an icon. The application is also not as user-friendly on 

smaller devices like the iPhone. A key future goal for further development of this 

application is to add compatibility with smaller devices and to distribute it officially as 

an application on the iOS App Store. Once widely distributed, the application could 

collect user data for further feedback for future improvement and development.  

5.3 Evaluation Plan 

Most of my time working on the Alife Bestiary thesis project was spent on the 

development of the application as well as on research about the archivolt. Although 

there is a stated purpose and goal for the digital component of this thesis, a 

comprehensive evaluation experiment for the application was not conducted and thus I 

am unable to determine how the well the application achieves its intended goal. 

Therefore, this section will describe a potential evaluation plan for this project for future 

references.  

As mentioned in the second chapter, the goal of the digital project is to educate 

the visitors on complex information about the archivolt that is usually only accessible to 

research scholars, as well as to break the linear narrative of how museums presents 

information. The effectiveness of the application is in fulfilling these purposes is 

contingent two evaluation basis: how well the users are able to understand and 

remember the information presented in AR, as opposed to other forms of multimedia, as 

well as how much their impression of the information presented in museums has 
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changed. The qualitative as well as quantitative data collected in the experiment would 

be used to draw conclusions on these two main research questions. 

The experiment would take place in the Nasher Museum with ideally 30-90 

participants. All participants should be adept smartphone users who knows how to 

navigate regular mobile application interface. They would be English speakers, at least 

3.5 feet tall to be at a comfortable viewing angle of the available iconographic animals 

and can easily move around the artifact without much assistance. All participants would 

identify as a “learner” type visitor in the museum who are interested in learning more 

about artifacts. The participants would be split into three groups: the pamphlet group, 

the audio guide group, and the AR group. Before the experiment, all participants would 

be asked to sign an agreement to participate in the experiment, as well as to fill out a 

questionnaire that includes their sex, age and education level, and a series of questions 

using a Likert scale of 1-7 that collects a qualitative feedback on the extent of their 

knowledge about AR, their amount of interest in the archivolt, as well as their 

impression on the artifact explanations provided by museums. Their impression on the 

museums contains questions such as “If an explanation panel is available, how likely are 

you to read it?”, “Do you accept the information provided to you by the museums as 

facts?” and “Have you interpreted an artifact differently from the museum explanation 

given?”. To ensure neutrality in wording, the same questions should be asked more than 
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once, but phrased differently. Their answers would be recorded as the “pre-experiment” 

data, used for reference for later data. 

Participants would then be asked to go in front of the archivolt. The pamphlet 

group would be given a brief pamphlet that describes each of the animals and their 

potential interpretations. The audio guide group would be given an audio guide in 

English that explains the same information. The AR group would be given an iPad to 

and asked to navigate through the app. Participants of all groups would be told that 

they can spend as much or as little time as they want with the materials they are given. 

The time spent on examining the archivolt and on viewing the material would be 

recorded for each participant. 

After the participants are finished with the material, they would then be given a 

multiple-choice quiz of 20 questions that tests on the information on the materials. None 

of the participants should be aware that they are going to be tested on the material, 

because the purpose of this project is to test the effectiveness of informal learning 

through the material. Because the information throughout all three materials are the 

same, the questions themselves would remain the same with only the question order 

shuffled around. At the end of the 20 questions, there would be an additional open-

ended question that asks the participants to write down what they remember about the 

archivolt, which would allow them to write down information that was on the materials 

but may not be on the quiz. Their accuracy score would then be recorded as a 
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percentage, and their answers to the open-ended questions would be saved as 

qualitative data.  

After the quiz, the participants would be asked to fill out another questionnaire 

with questions surrounding the material they were using, such as “How much do you 

like [the respective material]?”,“How likely are you to use it again?”, “Would you try a 

different material next time?” on a Likert scale of 1-7. Questions about the non-linear 

narrative will also be included, such as “Has this experience changed your perspective 

on the narrative presented by museums?”, “Do you feel like other narratives may be 

possible for other artifacts in the museum as well?”, and “I feel like I have learned about 

the research behind the archivolt”. An open-ended question for additional qualitative 

comments would also be included in the questionnaire. They would be encouraged to 

voice their opinions of the experience if they are not comfortable with writing down 

their answer. The AR group would have a more extensive questionnaire that asks the 

user on the usability of the application, whether it was easy to navigate and what they 

like about the application.  
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Figure 32: User study evaluation flowchart 

After all the results are recorded, statistical analysis would be conducted on the 

quantitative data to determine whether there is a significant difference between the 

accuracy score, time spent on material, and impression of museums amongst the 3 

groups. Conclusions from the usability questionnaire about the AR application would 

also be drawn. The hypothesis of the experiment would be as follows: 

1) The AR group has a significantly higher accuracy score than the remaining 

two groups. 

2) The AR group has a significantly higher rating in changing the impression of 

the museum narrative.  

 Although this is not necessarily the goal of the experiment, if time allows, it 

would also be interesting to gather one more group of people to experience the AR 

application, except this time none of the participants are of the “learner” visitor type. It 

would be interesting to investigate whether the application is more effective to its 

intended audience or not.  
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5.4 The Nasher Museum and the App 

As previously stated, the target audience of this application are adult individuals 

who are interested in learning more about the object. This type of museum visitor 

expresses an interest in the object and wants to learn more. Since the goal of this 

application is to make the learning experience more engaging and to draw visitors in to 

learn by using the application instead of audio guides and pamphlets, whether they are 

regular users of these alternative guides would also be noted in the evaluation plan to 

assess their preferences. Although this type of visitor is not uncommon in any museums, 

it is still important to discuss how well a complete Alife Bestiary application would fit 

into the Nasher Museum clientele, especially since the archivolt of Alife has been a 

valuable part in the Brummer Collection of the museum. The visitors to the museum 

would also serve as potential candidates for future studies and experiments that can 

provide feedback for further improvement both the content as well as the application.  

According to visitor statistics from 2018, there were a total of approximately 

27,600 visitors to the Nasher Museum, excluding rental, Store and Café attendance. Most 

of the visitors were adults, seniors and students. A Nasher staff member has commented 

that there was also a fair amount of families that visited with children during the Nasher 

family days when the admission is free and therefore unaccounted for in the attendance 

statistics. Besides Duke University students, the Nasher Museum has visitors in the 
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older age range.69F

1 During the summer visitor survey collected last year, disclosed ages 

ranged from 20 to 70 years old.70F

2 This shows that there is a wide range of visitors in the 

museum, which suggests that feedback on the App could focus on evaluating ease of use 

across people of different ages. Because the Nasher Museum has not conducted any 

extensive survey on visitor engagement and other types of demographics, such as 

occupation, no assumptions about the visitor type could be made. However, it has been 

briefly stated by the staff that digital projects such as past projection mapping projects 

have received positive feedback. The premise of the setting for the application seem to 

be suitable at the preliminary stage, because the number of visitors in the museum and 

overall willingness to identify themselves (over 90%) during a survey suggest an overall 

inclination towards participation within activities in the museum. This suggest that the 

number of potential users who are willing to give feedback for the Alife Bestiary could 

be auspicious enough to conduct fully comprehensive research in the future.  

5.5 The Future of AR and the App 

 While marker-less tracking and augmented reality are still not at prime technical 

stability, the future direction of the Alife Bestiary application should take into account 

developments in this technical space. As markerless tracking become stable enough to 

                                                      

1 Nasher Museum, Nasher Museum of Art at Duke University Attendance, July 2017-June 30 2018 (2018), Excel 

Spreadsheet, sent directly from Nasher staff.   
2 Nasher Museum, Visitor Survey Results: Summer 2018 Demographic, Engagement & Marketing Questionnaire 

(2018), Powerpoint slideshow, sent directly from Nasher staff. 
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correctly render virtual elements in their relative positions in real-time, a possible 

improvement of the application is to include virtual 2D elements within a 3D space at 

different angles. Information cards would be attached to the object at all times to allow 

the user to move closer and further from the object as they explore, and new cards can 

appear according to user rotation as the user moves around the object. This would also 

allow other visual directions such as arrows and circles to be displayed accurately over 

the physical object, enhancing the direct annotation potentials of AR technology.  

The 3D object recognition technology as it develops may also incorporate 

registration between scanned object and a 3D model overlay, which would allow users 

to zoom into certain details of the object by superimposing a “window” into the 3D 

model correlated to the viewing angle of the user. Although some projects made by 

museums have incorporated a direct modification of the physical object through 3D 

models and textures, it would be ideal that this registration would become easily 

reproduceable in the future.  

As AR headsets mature, the implementation of the application in sophisticated 

devices such as the HoloLens or Magic Leap can also be an imminent possibility for the 

Alife Bestiary. The sense of immediacy between the physical object and the information 

can be further supported without the “barrier” of a smartphone screen. This would also 

significantly decrease the burden of having to hold a smartphone at a certain angle to 

get an object recognized. Instead, the user wearing AR glasses could simply look around 
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naturally.   The information cards would simply pop up when eye tracking detects a 

gaze towards target iconography for more than a few seconds. The increase in field of 

view from AR headsets would also reduce the problem of limited screen space on the 

smartphone and allow more information to be presented. Despite the current 

technological limitations of the technology, AR still offers much promise for museums. 

Though limited by some technological obstacles that trouble most of AR applications 

today, the Alife Bestiary application can become more versatile and educational as the 

development environment and the hardware matures.  
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6. Conclusion 

 This thesis documents both the iconographic research regarding the archivolt of 

Alife that is exhibited at the Nasher Museum of Art as well as the development process 

of the Alife Bestiary AR application which displays the researched information through 

3D object recognition in augmented reality. Due to the ambiguity of the iconography of 

the entire scene on the relief as a whole, the symbolism of each of the major animals on 

the archivolt was examined separately. From various sources, it can be observed that 

each of the animals can be interpreted differently as well. Through referring to different 

religious texts, manuscripts and popular stories from the Old and New Testament, the 

research, as well as the content of the application, attempts to educate the visitors on 

how to look at the iconography of the archivolt through augmented reality. The 

dynamic medium of AR also allows the portrayal of interpretation “possibilities” 

instead of the one linear explanation, conveyed through spatial relationships. Since AR 

affordances encourage direct association between the information and the object, the 

application should also inspire the users to look at the object more closely after seeing 

the information on the virtual cards.  

Currently, the amount of information that the application is trying to convey is 

comparatively more complex and in-depth than similar applications that were 

previously created by other researchers. In order to use the virtual space to convey the 

multiplicity of interpretations for each animal, the application mainly uses visual 
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elements like 2D UI and text, using audio mainly as a means to create ambience and to 

direct attention to the virtual cards. Because most of the development effort was 

dedicated to creating the augmented reality visual interface, the application prototype 

only achieved its baseline functionality, making the visual design of the overall 

application lackluster. Additional information pages and regular application interface 

are needed to complete this application, as well as a comprehensive research experiment 

comparing the effectiveness of this AR application with other popular museum guides 

like audio guides and pamphlets.  These are just a few of the many potential expansions 

of this digital project. Despite its faults, the Alife Bestiary AR application is still an 

interesting exploration of a new technology, and the trajectory of ARKit 3D object 

recognition is promising. ViroMedia, although not always optimized for development in 

the same format at web applications, is still a usable framework that allows developers 

to easily bring readily-made UI and 3D models into augmented reality. While the Alife 

Bestiary AR application has its potentials in achieving its intended educational goals, it 

is still challenging for applications like this to be widely distributed across all devices, 

simply due to the compatibility issues it may face within different hardware. At the 

current stage, augmented reality technology is still not standardized enough to be fully 

accessible. 
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Appendix 

1. Link to the github code page: https://github.com/Geli25/AlifeArchApp  

2. Link to ARKit scanning app: 

https://developer.apple.com/documentation/arkit/scanning_and_detecting_3d_o

bjects 

 

 

https://github.com/Geli25/AlifeArchApp
https://developer.apple.com/documentation/arkit/scanning_and_detecting_3d_objects
https://developer.apple.com/documentation/arkit/scanning_and_detecting_3d_objects
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