
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=utis20

The Information Society
An International Journal

ISSN: 0197-2243 (Print) 1087-6537 (Online) Journal homepage: https://www.tandfonline.com/loi/utis20

Monstrous hybridity of social information
technologies: Through the lens of photorealism
and non-photorealism in archaeological
visualization

Isto Huvila

To cite this article: Isto Huvila (2021) Monstrous hybridity of social information technologies:
Through the lens of photorealism and non-photorealism in archaeological visualization, The
Information Society, 37:1, 46-59, DOI: 10.1080/01972243.2020.1830211

To link to this article:  https://doi.org/10.1080/01972243.2020.1830211

© 2020 The Author(s). Published with
license by Taylor and Francis Group, LLC

Published online: 02 Nov 2020.

Submit your article to this journal 

Article views: 212

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=utis20
https://www.tandfonline.com/loi/utis20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01972243.2020.1830211
https://doi.org/10.1080/01972243.2020.1830211
https://www.tandfonline.com/action/authorSubmission?journalCode=utis20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=utis20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01972243.2020.1830211
https://www.tandfonline.com/doi/mlt/10.1080/01972243.2020.1830211
http://crossmark.crossref.org/dialog/?doi=10.1080/01972243.2020.1830211&domain=pdf&date_stamp=2020-11-02
http://crossmark.crossref.org/dialog/?doi=10.1080/01972243.2020.1830211&domain=pdf&date_stamp=2020-11-02


Monstrous hybridity of social information technologies: Through the lens of
photorealism and non-photorealism in archaeological visualization

Isto Huvila

Department of Archive, Library and Information, and Museum and Cultural Heritage Studies (ALM), Uppsala University,
Uppsala, Sweden

ABSTRACT
The entanglement of social information technologies and their users unfolds as a problem if
“wrong” users enmesh with “wrong” technologies. A long-standing debate on the merits of
photorealism versus non-photorealism in archaeological visualization provides an educating
example of such a “problematic” or in Haraway’s words, monstrous social information tech-
nology. This article shows how a closer look at the perceived monstrosities of social infor-
mation technologies can help us understand how people conceptualize information,
technologies, and other people and their role in information interactions as they unfold as
part of information work. It shows how a lifelike photorealistic visualization together with its
spectator forms a cyborg, which is a monstrous runaway “object” when it drives with its
own cultural force a programme that contradicts with other programmes considered
important. The parallels in the critiques of archaeological visualizations and other informa-
tional cyborgs in information research – including search engines, information systems and
services – suggest usefulness of a monstrous perspective in the analysis of social informa-
tion technologies in general.
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Introduction

In archaeology, there has been a long-standing
debate on the merits and limitations of lifelike three-
dimensional (re)presentations of ancient objects,
buildings, and landscapes. Some have emphasized the
opportunities of photorealistic (re)enactments of the
past for scholarly inquiry and communication), both
scholarly and public (e.g., Chng 2009; Pletinckx 2013;
Rua and Alvito 2011; Sims 1997). Others have
criticized vivid visualizations for giving a false impres-
sion of complete knowledge of the past when only a
fraction of the depicted details are based on hard evi-
dence (e.g., Brusaporci 2016; Roussou and Drettakis
2004). In the eyes of the latter, the enmeshment of
esthetically appealing visualizations and their non-spe-
cialist spectators is monstrous (cf. Haraway 1992),
replacing an evidence-based image of the past with a
fictive one and also undermining of critical under-
standing of the limits of what is knowable about the
past. In addition to such advocates and critics of
photorealism, there are also voices (e.g., Champion

2015; Huvila 2017; Jones et al. 2018) who have called
for a nuanced understanding of the advantages, disad-
vantages, and monstrosity of different types of lifelike,
semi-lifelike, and diagrammatic visualizations.

Building on the work of Haraway (1991) on mon-
sters and cyborgs and by looking at the photo-realism
versus non-photorealism debate in archaeology, this
article delves into the question of why certain social
information technologies are sometimes experienced
as monsters. It shows how these cyborgs are driven by
different programmes of action, and how our anxiety
about a cyborg enforcing its (potentially problematic)
programme without accommodating other (preferred)
programmes can lead us to see it as a monster – a
runaway object (Engestr€om 2008), following Giddens
(2002) notion of runaway world, with its own uncon-
trollable cultural force (Hasse 2017). A close look at
the perceived monstrosities of social information tech-
nologies, helps us understand how people conceptual-
ize information, technologies, and other people and
their role in information interactions as they unfold
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as a part of information activities (Huvila 2013) in all
human pursuits.

Hybrid agency

One of the cornerstones of cyborg theory is that agency
is not restricted to human beings. This is also a premise
for taking the makers and consumers of visualizations to
be forming a unit. After the influential work of, espe-
cially, Latour and colleagues (Latour and Woolgar 1986;
Latour 1988, 1993) and Haraway (1991) began seriously
questioning the precedence of humans as subjects and
actors, and the material world as an object, other schol-
ars developed the idea of hybrid agency with slightly
diverging emphases. Pickering (1993) opposes the
(alleged) symmetry of Latour’s approach and shows
through a set of studies on the mangle of practice
(Pickering 1995, see also Pickering and Guzik 2008)
how material agency differs from the human one. Even
if the critique misses the point in thinking that Latour is
suggesting that human and non-human actants are sym-
metric (Amsterdamska 1990), when he is merely saying
that they should be initially treated as such, Pickering
(1995) and others (e.g., Alcadipani and Hassard 2010;
Sayes 2014) have a point in emphasizing the analytical
benefits of delineating differences between specific types
of agents and agencies a priori.

In this article the understanding of hybrid agency dif-
fers from that put forward in activity theory1 – hybrid-
ization between multiple activity systems (cf. Rheinberger
1997; Virkkunen 2006). It comes closer to Latour’s
(1993) notion of hybrids, entities that cannot be neatly
classified either as subjects or objects. As Verbeek (2005)
notes, they are both human and non-human phenomena
that cannot be understood purely in human or non-
human terms. For understanding hybridization and the
agency of hybrids, he emphasizes the importance of
understanding the processes of hybridization and purifi-
cation – how hybrids emerge and how they dissolve into
non-hybrid categories (Verbeek 2005).

Latour uses the example of unwieldy weights
attached to room keys to explain how a hotel manager
implements his programme of forestalling customers
from walking away with keys in their pockets, against
their anti-programme of not bothering to leave them
behind. Here the weights are proxies of managers
(Latour 1991). In comparison to Latour’s example, the
substitution of human actors is often less complete –
and even in his example, it is a matter of debate
whether a specific programme gets completely dis-
placed or its effectiveness merely diminishes.

Drawing on the theorization of hybrid agency, admit-
tedly in a limited sense and only on a small part of it,
this study analyses archaeological three-dimensional vis-
ualizations as hybrid social information technologies
with programmes of conveying information on things
(here, archaeological) in particular ways. Having their
own cultural force (Hasse 2017), they become runaway
objects (Engestr€om 2008, 2009) that are difficult to con-
trol. It shows how dominant programmes and their
anti-programmes differ among specific types of hybrids
and how these differences can have a direct, both real
and imagined, impact on information work in archae-
ology and beyond.

Monsters and cyborgs

Among hybrids, Haraway’s cyborg can be seen as a
specific type of crossbreed that refuses rigid bounda-
ries between such categories as human, machine, ani-
mal, and also gender and politics (Haraway 1991). She
criticizes the patriarchalist tendencies embedded in
the dualistic tradition, which, among things, holds the
natural-artificial dichotomy. At the same time, she
turns against traditional feminism, which has accord-
ing to her, accepted the conventional dualism in
maintaining the essential difference between female
and male. In contrast, Haraway spotlights the break-
down of boundaries between natural and artificial in
the 20th century and calls attention to affinities rather
than essentialism. Her cyborg theory sees the world as
a chimeric blend of technology and living beings.
Cyborgs bring forth completely different kinds of pos-
sibilities and limits that are not perceivable from a
standpoint based on dichotomies but they have also a
dark side. Cyborg unities of technology and living
world are “monstrous and illegitimate” (Haraway
1991) from the perspective that refuses to accept the
chimera-like hybridity of reality. Even if it is an over-
statement to draw direct parallels with explicit
Dracula-like monstrosity, a hybrid is a monster in the
sense Cohen suggests: “an embodiment of difference,
a breaker of category, and a resistant Other known
only through process and movement, never through
dissection-table analysis” (Cohen 1997a, x). Latour’s
hotel key example illustrates the hybrid agency of key-
weight-guest as a unit (Latour 1991) and the move-
ment in the experienced monstrosity of the hybrids –
that of dissolving boundaries between different human
and non-human agencies. If the anti-programme of a
hotel guest arises out of mere laziness, the “key-
weight-guest” cyborg might be acceptable to the guest;
but if is motivated by a distrust on the receptionist, it
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might be experienced as monstrous – exerting an
unwarranted influence on how she is supposed to
behave (Cohen 1997b).

Archaeology – a “discipline of things” (Olsen 2012)
– is very much a cyborg itself, an enterprise that com-
bines human intellect and cultural interpretation and
the use of a broad range of technologies from trowels
and measuring tapes to chemical and geophysical ana-
lysis. Moreover, it studies the human past through its
material remains, which are nothing else than arrays
of traces of human-technology interactions and inter-
minglings. However, in contrast to the original theor-
ization of Haraway (Penley, Ross, and Haraway 1990),
it is difficult to characterize archaeology as producing a
(relatively) comprehensive and stabilized piece or vision
of social reality. As a cyborg it is in a constant state of
making, marked by a contest of programmes and anti-
programmes and the hybrid agency of its human and
non-human constituents.

A brief history of 3D modeling in archaeology

The history of archaeological 3D modeling is much
longer than that of digital 3D technologies (Hageneuer
2020). First drawing and painting, and more recently
photographic methods have been part of archaeological
documentation and thinking for ages (Adkins and
Adkins 1989; Shanks and Svabo 2016). One of the
most spectacular example of physical 3D modeling is
the 16� 17 meters wide model of imperial Rome, built
between the 1930s and 1970s, in Museo della Civilt�a
Romana in Rome. However, there are many examples
of smaller models dating back to much earlier times
(Guidi, Frischer, and Lucenti 2007).

The typical publicly articulated reasons for produc-
ing 3D visualizations have not changed to a significant
extent since the advent of archaeological illustration
(e.g., Adkins and Adkins 1989) tothe arrival of digital
technologies (e.g., Reilly 1991; Renfrew 1997; Scopigno
et al. 2011). The rationale for visualizing and accompa-
nying competing ideas of how illustrations should look
like, what function they should have, and what they are
supposed to convey have also remained conspicuously
unchanged (Adkins and Adkins 1989; Moser 2012,
2014; Renfrew 1997; Scopigno et al. 2011). Even if vis-
ual representation has received little attention in arch-
aeological theory, pictorial conventions and rationales
of producing and using images are deeply rooted in
explicit and implicit assumptions of the nature of
archaeology, archaeological knowledge, and knowing.
Artistic illustrations, “objective” naturalism and the
ideal of “modern” and “scientific” diagrammatic

imagery all their have underpinnings in the aspirations
to convey specific ideas and understandings of the past
– whether it is “factual” and reliable scholarly know-
ledge, the “meaning” of archaeological objects (Moser
2012) or a particular sense of the past to fulfill a desire
to see how it looked like (Moser 1996). Apart from
their role in depicting or representing archaeological
things, another acknowledged key aspect of archaeo-
logical illustration is its central role in the archaeo-
logical process as means of recording, interpretation,
and presentation (Moser 2012). In this respect, a visual-
ization is as much a process as it is a product – and as
Ross (2017) adds, an epistemological device.

The archetypal functions of archaeological illustra-
tions are echoed in the rationales recorded by
Marsicano and colleagues who argue that a 3D visual-
ization provides “a good opportunity to deepen the
knowledge of the monument and to verify the hypoth-
eses of restoration,” “3D models also represent a good
dissemination tool,” and “study of an accurate 3D
allows us to pose new questions” (Marsicano et al.
2017, 489). While none of the objectives are not as
uncomplicated as they might seem (deepen knowledge
but how, and what and how ordinary people actually
learn when they are interacting with 3D models?). In
spite of claims of the capability of 3D models to
change archaeological thinking (e.g., Reilly 1991;
Renfrew 1997) relatively little evidence has been pub-
lished so far on how this happens in practice
(Wilhelmson and Dell’Unto 2015). As Polig (2017)
recently remarked, the full potential of 3D technolo-
gies in archaeological information work is still to be
investigated – much similarly to how others (e.g.,
Moser 2012; Smiles and Moser 2005) have underlined
the need for a better understanding of the implica-
tions of archaeological illustration in general.

Photorealism as a monster

Since the advent of lifelike archaeological visualiza-
tion, some researchers have underlined the potential
of photorealistic renderings to convey authenticity
(Hageneuer 2020) and an immersive experience in the
past (e.g., Carroll 2010; Jablonka, Kirchner, and
Serangeli 2003; Sundstedt, V., A. Chalmers, and P.
Martinez 2004), and suggested that lifelike imaging
can be used to encourage people to ask questions
rather than to accept it as the final truth (e.g., Westin
2010). In some cases, it has been suggested that low-
fidelity modeling can be dangerous, because of its lim-
ited capability to communicate and represent the past
(Gutierrez et al. 2007). Photorealism has been

48 I. HUVILA



considered as “a necessary aspect of the educational
and recreational value of the representation” (Roussou
and Drettakis 2004, 59) whereas it may be “less
important” for specialists who basically need visualiza-
tions akin to those made with traditional paper-based
methods. Kotoula makes a similar remark on the use-
fulness of diagrammatic visualizations for “treatment
purposes and documentation” and the usefulness of
photorealism in public communication (Kotoula
2016, 81).

However, in contrast to the widespread optimistic
claims, critical voices have warned of the possibility of
lifelike models misleading their spectators. A funda-
mental problem with photorealistic visualizations can
be, as Champion (2015) notes, that in their lifelikeness,
they do not prompt spectators to look behind the
graphic. In their capability to suggest authenticity, they
can become a “dangerous source of misinformation”
(Hageneuer 2020, 102). Even if the debate has not been
pursued using Haraway’s terminology, an apparent
concern of the critics is that photorealism would lead
to an “illegitimate” blending of technology-based visu-
alizations and their spectators to “monstrous” chimera-
like hybrids that promote pseudo-archaeology.

A major source of anxiety in the debate on the use
and usefulness of 3D models is undoubtedly the expe-
rienced difficulty in communicating a truthful inter-
pretation of the past (Kuroczynski 2017; Richards
1998) on the basis of the little evidence that is available.
For instance, a speculative lifelike visualization gives an
impression of completeness even when only a small
part of it is based on direct evidence. Part of the con-
cern dates back to the experiences with the first arch-
aeological visualization projects driven by the interests
of technologists eager to showcase the capabilities of
contemporary visualization technologies and less keen
to focus on authenticity and correctness of the models
(Sanders 2001; Sims 1997). Consequently, there has
been repeated calls for the need to focus on the use of
3D from the premises of archaeological theory and
methods (e.g., Dell’Unto et al. 2017; Gillings 2000;
Lock 2003; Reilly 1991; Reilly and Rahtz 1992; Richards
1998) rather than starting with technology and its
affordances. Unsurprisingly, these calls echo compar-
able calls to bring documentation and fieldwork meth-
ods and archaeological theory closer together (e.g.,
Bahn 2012; Lucas 2012; Pilati 2018).

After a longstanding debate since the early 1990s
(e.g., Miller and Richards 1995; Reilly 1992; Reilly and
Rahtz 1992; Richards 1998), doubts on the advantages
of photorealism in archaeological visualization seemed
to reach a sort of a pinnacle around and after the

turn of the millennium. Pujol Tost (2008) remarked
critically after reviewing a selection of visualization
projects that in all cases the limits of the (photo)real-
ism of models were set by technological constraints
rather than by considerations of what was feasible or
usable. Martinez (2001) saw photorealism as a “a very
potent thing” but considered that the same informa-
tion can be passed on “without bringing what looks
like accurate but misguiding ‘truth’ into the doc-
ument” (Martinez 2001, 14). Forte and colleagues
referred to the “ontological gap between the virtual
and the real world that technology will never be able
to transcend” and therefore suggest that non-photo-
realistic rendering is a better alternative to “total real-
ism” (Forte, Pescarin, and Pujol Tost 2006, 68).
Strothotte and colleagues (Strothotte and Schlechtweg
2002; Strothotte et al. 1999) found in their studies
that photorealistic detail distracted spectators from
focusing on the aspects the model was built to convey.
Also, Eiteljorg (1998, 2000) warned that archaeological
visualization can be too convincing and lead specta-
tors to accept them without closer consideration of
what they convey and what is left out.

Knight in a shining armor: Non-
photorealistic rendering

Many suggestions have been made to address the con-
cerns relating to the dangers of lifelike visualizations
and to mitigate their monstrosity. There has been a lot
of discussion on how to develop a working reference
apparatus that is aligned with the “language” (cf.
Manovich 2001) of 3D models (Vatanen 2003), how to
document the sources, inferences, and decisions in the
development of a particular aspect of a model
(Bentkowska-Kafel, Denard, and Baker 2012), and how
to visualize and communicate degrees of uncertainty of
interpretations in final models (e.g., Apollonio and
Giovannini 2015; Champion 2015; Danielov�a, Kumke,
and Peters 2016; Kastanis 2019; Reilly and Rahtz 1992).
Several proposals exist (e.g., Apollonio and Giovannini
2015; Coeur and Moccozet 2011; Hauck and
Kuroczy�nski 2015; Kolenda and Markiewicz 2017;
Niccolucci 2010; Polig 2017; Ryan 2001) but there is
no real consensus on the means. The difficulties of
integrating highly heterogeneous data in a single frame-
work become apparent in the implementation process
(Polig 2017). However, as Huggett (2016) has noted
with regard to the documentation of archaeological
data, the main problem is how to make it happen in
practice, rather than the lack of technical means and
standards to implement it.
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One of the solutions proposed to address the prob-
lems of photorealism is a method known as non-
photorealistic rendering. In archaeology, this approach
gained popularity especially at the turn of the century,
2000–2005. Most notably, in a SIGGRAPH panel,
Arnold et al. (2004) underscored the development of
non-photorealistic techniques as one of the major
issues for the field of cultural heritage and computer
graphics. However, since then the debate has, if not
died, waned considerably. Reasons for this can be only
speculated but it seems likely that the proliferation of
photorealistic depiction and image manipulation in the
contemporary imagery, and the indisputable benefits of
lifelike representation, in spite of its drawbacks, has as
a matter of fact brought acceptance to photorealism.
Another possible explanation is that various options to
complement rather than to substitute photorealism
have gained popularity in archaeology. For instance,
Frankland and Earl (2011) underline the possibility
(suggested earlier by, for example, Reilly 1992) to let
spectators alternate between a photorealistic view and a
view with information on interpretations and uncer-
tainty on the same model. Non-photorealism has not
been abandoned but currently, it is used for specific
visualization purposes rather than as an alternative for
photorealistic rendering (e.g., Abu Bakar et al. 2014;
Frankland and Earl 2011; Kastanis 2019). It is rather
rudimentary as a method of uncertainty visualization
(cf. Pang, Wittenbrink, and Lodha 1997). In a similar
vein, it has been observed that just making an image
non-photorealistic does not mean that it would make a
good scientific illustration (Isenberg et al. 2006).

The concept of non-photorealism refers to a set of
methods for producing images, which are deliberately
sketchy. Visualizations are given an artistic look,
which may resemble, for instance, a pen and ink
drawing or an aquarelle (Markosian et al. 1997;
Strothotte and Schlechtweg 2002). It has been used in
explicating the assumptive nature of the surroundings
presented in virtual realities (Klein et al. 2000;
Roussou 2004). Martinez suggested that non-photo-
realism can be used to communicate same informa-
tion as photorealistic visualization without creating
what looks like accurate but misguiding “truth”
(Martinez 2001, 14). This approach renounces the
communicative opportunities of lifelikeness to avoid
the perils of Eco’s (1986) hyperreality, where a com-
plete fake becomes so realistic that it becomes more
desirable than the completely real it imitates. Non-
photorealistic rendering does not seek to produce
something that appears real and natural, but instead
aims to generate an engagement with a visualization

that comes close to how people interact with works of
art (Huvila 2006), and even more so, how they work
with diagrams and outlines. Even if much of the
archaeology related work on non-photorealistic ren-
dering can be criticized for being theoretical and
speculative rather than based on evidence, studies
have found differences in how spectators react to
photorealistic and non- photorealistic visualizations,
for instance, in both how they understand and assess
them (Isenberg et al. 2006) and in their emotional
response to them (Mandryk, Mould, and Li 2011).

Even if the debate on non-photorealistic rendering is
singular, it has affinities with contemporary and earlier
ponderings on the nature and cognitive underpinnings
of archaeological visualization as illustration, abstraction,
representation, and a process rather than a product
(Moser 2012). Drawing on cybernetics, Forte (2004) sug-
gested that archaeological 3D models should aim at vis-
ualizing not only a three-dimensional space but also the
geometry of information (It. geometria informativa)
underpinning the model to help people think. The sug-
gestion has many similarities with Reilly’s proposal
(1992) of complementing a visual model with a model
showing a layer of data that documents the visualization
and other techniques of “uncertainty visualisation”
(Kastanis 2019; Pang, Wittenbrink, and Lodha 1997).
Barcel�o linked the process of simulating the past using a
3D visualizations to the human process of understand-
ing incomplete sensory information (Barcel�o 2000). A
common premise of all these suggestions is that they
underline the significance of thinking as a central out-
come of archaeological visualizations rather considering
them primarily as communicative or (re)presenta-
tional devices.

Discussion

Archaeological visualizations as
monstrous cyborgs

Even if none of the critics of photorealist archaeo-
logical visualizations directly referred to them as mon-
sters, Haraway’s (1992) take on the monstrosity and
illegitimacy of chimera-like hybrids is elucidative of
the criticism that they are faulty conveyors of archaeo-
logical information. Similar to what Ruivenkamp and
Rip (2014) suggest of images in general, photorealistic
visualizations are experienced as, hybrid monsters
because “they include expectations, ranging from
expectations about what entities in the world might
look like, to how newly made technoscientific objects
might evolve, to visions of possible entities and their
functionalities” (Ruivenkamp and Rip 2014, 193). This
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critique can be traced back to a refusal to see all visu-
alizations, including non-photorealistic ones, as funda-
mentally complex, multimodal, and ambiguous. In
contrast to how, for instance, Smithies (2017) under-
scores the opportunity to manage complexity as a key
rationale behind data visualization, photorealistic ren-
derings are seen as achieving the opposite. However,
whenever the debate turns from the a posteriori impli-
cations (i.e., what can be achieved by using specific
types of visualizations) to the a priori veracity and
untruthfulness of specific types of visualizations, both
the proponents and critics of lifelike imagery tend to
fall back to an essentialist standpoint that declines to
accept the legitimacy of the complex interdependence
of visualizations and their spectators, and tries to keep
human-beings separate from everything else
(Hardwicke 2018). The visualizations are treated or
expected to be treated as substitutes for the real thing
rather than as mere depictions (cf. Stoffregen 2019) or
separate entities by themselves. The proposition
behind non-photorealism is that when visualizations
are made less realistic, they drive a programme of
promoting critical thinking, engagement, and human
agency. It suggests that in a non-photorealistic setting,
human spectators are kept apart from technology and
they retain their agency to make sense and assign
meaning to that what is being visualized. In contrast,
photorealism is seen as drawing human spectators
into the world of illegitimate hybridity where they
lose their independent agency and ability to make dis-
tinctions such as whose programmes and anti-pro-
grammes are driven by whom or what. For its critics,
a photorealistic visualization is, similar to a photo-
graph (Myers 1990), easy to accept as a mechanical
reproduction, when neither photographs nor photo-
realistic visualizations really are. A major concern of
the proponents of non-photorealism is that lifelike
visualizations undermine human-beings’ capacity to
interpret and think (Eiteljorg 1998, 2000; Martinez
2001). In comparison to the seeming simplicity and
factuality of non-photorealism that disguise their
monstrosity (cf. Law 1991), the scientific and artistic
ambitions are difficult to separate in photorealism.
The fear that spectators mix up these two ambitions
and perceive artistic aspects of visualizations as scien-
tific representations and vice-versa (Baigrie 1996),
helps us understand why photorealism has been expe-
rienced as an outright monster.

Viewing visualizations in essentialist terms goes
against a long line of scholarship of scientific and
scholarly (re)presentation that has made a convincing
case for the performative of visualizations, e.g.,

ornithology (Law and Lynch 1988), mathematics
(Barany and MacKenzie 2014), physical anthropology
(Kjellman 2016), and digital (Barcel�o 2000) and non-
digital (Moser 2012) archaeological imagery and visu-
alizations. Instead of being representations
(Coopmans et al. 2014; Lynch and Woolgar 1990b),
from a performative perspective, both photorealistic
and non-photorealistic visualizations are cyborgs –
even if they are different from each other and their
embedded programmes and anti-programmes are real-
ized in very different terms. Non-photorealism visual-
ization is also a cyborg as it continues the
diagrammatic (quasi-) paradigm (Hall 1996) of arch-
aeological and scientific illustration directed at creat-
ing “scientific” abstractions of observed phenomena.
Photorealistic and non-photorealistic visualizations are
different cyborgs not in their likeness to photograph
and diagram (cf. Lynch 1990) respectively but in how
their geometry is made visible in “rendering practices”
(Lynch 1990). Similarly, as with photographic and
schematic illustrations of birds for birdwatchers in
Law and Lynch (1990) study or in scientific illustra-
tions in general (Lynch and Woolgar 1990a), it is
apparent that neither of the two is per se closer to a
more truthful or authentic human perception of
the past.

Some part of the experienced monstrosity of photo-
realistic cyborgs can be without much doubt explained
by archaeologists distrusting the capability of non-
archaeologists, without “necessary” expertise, to make
correct inferences from what they see. Using
Goodwin’s (1994) formulation, they are seen as lack-
ing a “professional vision” or understanding of
“socially organized ways of seeing and understanding
events that are answerable to the distinctive interests”
(606) common to archaeologists. This anxiety is not
very different from the anxiety of other subject experts
and information professionals when they struggle with
the legitimacy of their expert position (Schultze 2000)
and criticize the general population of ignorance and
lack of adequate competences. As much as the failure
to tame the beast can be attributed to the uncontroll-
ability of non-experts, it can also be attributed to the
cultural force (Hasse 2017) of visualization technology
to impose a programme of its own on the cyborg. In
contrast, the proponents of lifelike visualizations see a
need for visually evocative representations of archaeo-
logical entities, and archaeology itself to be about
opening a window to the past. For them photorealistic
visualizations are not monstrous runaway cyborgs –
but friendly hybrids that drive a healthy archaeologic-
ally motivated programme they could relate to.
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From an archaeological perspective, visualizations
are felt to be monstrous when they portray something
that is unknown, difficult to decipher or foresee, or
merely different from what its creators or spectators
assumed it should be or would consider as appropri-
ate. A monster is born of a conflict between how a
visualization is expected to be looked at and how it is
experienced by its spectators. The monstrosity is not
in the monster itself but in the eyes of the beholder,
and more specifically, in the mismatch of the epi-
stemic and theoretical ideas and assumptions of who
is supposed to be doing what when a cyborg eventu-
ally unfolds. From the perspective of archaeological
theory, it is apparent that photorealism unfolds as
much more monstrous against positivistic epistemolo-
gies of archaeology whereas its limitations are more
apparent and as such, less risky, in an interpretative
(Harris and Cipolla 2017; Hodder 2012; Trigger 2006)
epistemological context. A similar cross-cutting theor-
etical line of division is apparent between the propo-
nents of the exclusivity of archaeological knowledge as
a form of professional capital and those who believe
in the possibility to engage non-experts in a meaning-
ful co-construction of archaeological meaning (cf.
Holtorf 2015; Lau�zikas et al. 2018; Noordegraaf and
Schinkel 2011).

Monstrosity of social information technologies

Apart from being illustrative of the perplexities of
archaeological work, it is notable that the anxieties
that human-technology entanglements and introduc-
tion of new social information technologies reduce the
role of human agency and critical intellect are by no
means specific to archaeology and visualizations. They
remind of the critique of the impact of growing affect-
ive and economical dependence on search engines
(e.g., Huvila 2016; Mager 2012), and more generally,
on algorithms (e.g., Haider and Sundin 2016; Mager
2014; Sundin et al. 2017). Like other informational
things such as search engines and information sys-
tems, archaeological visualizations are performative
(MacKenzie 2006) and can be considered as cyborgs.
They all are amalgamations of technologies and
human-beings, wherein different programmes and
anti-programmes embedded in an incomplete cyborg
can compete, dominate, succumb or be in relative bal-
ance. In the context of information search, the critics
(e.g., Huvila 2016; Mager 2014; Sundin et al. 2017)
argue that there are signs that the programme of mak-
ing information searching and retrieval easier is taking
over the (anti-) programme of critical reflection and

learning in the contemporary society. Similar observa-
tions have been made with regard to big data analytics
(e.g., Frick�e 2015; Kitchin 2014), automated decision-
making or “roboprocesses” (Besteman and Gusterson
2019), imaging technologies (de Rijcke and Beaulieu
2014), news videos (Woxland et al. 2017), and the
adverse effects of watching television (e.g., Durante,
Pinotti, and Tesei 2019; Hoang et al. 2016). Similar to
how photorealism has been said to be more effective
in conveying meaning and prompting reflexivity than
diagrammatic approaches to visualization (e.g., Westin
2010), other informational cyborgs are said to have
similar potential compared to more “diagrammatic”
alternatives.

When we continue to trace further the similarities
in the critiques of photorealism and algorithmic
engagements with information, we find even more
profound affinities between the how the proponents
of non-photorealistic rendering and traditional infor-
mation research (Huvila 2015) conceptualize informa-
tion seeking. A foundational idea informing the
advocacy for non-photorealism, shared by some of the
proponents of photorealism as well, is the conceptual-
ization of the interaction between the living world
and the diagrammatic and lifelike visualizations alike
in terms of information retrieval – assuming that the
information should be correct and ingested as is. In
comparison, the proposition that the value of (photo-
realistic) visualizations lies in their capacity to entan-
gle with human reasoning (e.g., Dell’Unto et al. 2017;
Westin 2010) suggest of the opposite – cyborg orien-
tation. Unsurprisingly, the proposed methods for
making visualizations resonate with the philosophical
undergirding of the two perspectives. Non-photoreal-
istic rendering – distrustful of users or spectators, and
the emphasing institutional authorities – parallels with
the priorities of the knowledge retrieval paradigm. On
the other hand, documentation of visualization mak-
ing process showing what is known and from what
sources (e.g., Hageneuer and Franzmeier 2017), using
paradata – data describing the intellectual and prac-
tical process of creating a visualization in different
textual and non-textual forms (e.g., Bentkowska-Kafel,
Denard, and Baker 2012), Forte’s (2004) idea of the
geometry of information, and Frankland and Earl
(2011) suggestion to provide both photorealistic and
diagrammatic renderings are closer to the cyborgic
perspective. In different degrees, instead of trying to
mediate, they can help disclose what counts as infor-
mation and make it, in comparison to what Lynch
(2014) notes of representational activities in general, a
less contingent and more explicit as their outcome. A
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potential pitfall of non-photorealism and comparable
approaches is that in their desire to avoid Eco’s
(1986) hyperrealism – making reproductions better
and more attractive than the real – they risk ending
up with Baudrillard’s (1996) hyperreal – a new real
without a referent and origin in the reality. By over-
emphasizing the distinction between data and para-
data, photoreal and diagrammatic, or information and
(meta-)information, the data, photoreal and informa-
tion appear as unprocessed or “raw” (as in de Rijcke
and Beaulieu 2014) and authentic, while paradata, dia-
grammatic and meta-information remain sketchy and
in a sense, imaginary.

In the light of the relative popularity of the photo-
realistic and non-photorealistic (quasi-) paradigms, it
is interesting how the debate on the virtues of non-
photorealistic rendering has all but disappeared from
the recent archaeological literature and, at least to a
degree, been replaced by the advocacy for increased
transparency of complexity and the documentation of
the provenance of what is being visualized and
described (e.g., Denard 2012; Huggett 2019; Kastanis
2019). At least on a surface level, these suggestions
have much in common with the propositions to make
information searching slower (e.g., Teevan et al.
2013), more difficult (Huvila 2016), to regulate the
excessive affective dependence on specific information
technologies (Huvila 2016), and to improve citizens’
information literacy (e.g., Welsh and Wright 2010).
With some caution, it is perhaps possible to suggest
that there is an on-going shift from conceptualizing
informational human-technology entanglements as
potentially monstrous, impure, and unmanageable
technology-dominated cyborgs to, in Latour’s (1993)
words, convene a Parliament of Things or trying to
find means to support and endorse the emergence of
“hopeful monsters” (Law 1991, 19) or friendly cyborgs
that in a positive sense bring human-beings, technolo-
gies, and information together. In archaeology, some
of the alternatives have already become established
methods of conveying archaeological information and
in a sense they have been stabilized as a mode of rep-
resentation. It is, however, another question if archae-
ologists have become comfortable with them (cf.
Ruivenkamp and Rip 2014) and if there is a reason to
become too relaxed – not to mention how the situ-
ation looks like in similar contexts outside of archae-
ology with other sets of social technologies. The
earlier and present anxieties and uncertainties relating
to interacting with archaeological visualizations and
information systems alike show that the there is still
much work to do.

Conclusions

Even if at first glance the debate concerned the advan-
tages and disadvantages of photorealism in archaeo-
logical visualization, the fundamental disagreement of
views was clearly elsewhere. The arguments do not
focus on the line between photorealistic and non-
photorealistic images per se but on whether or not a
visualization is a snapshot, former, or a diagram, lat-
ter, and what are the effective means to help its spec-
tators understand the certainties and uncertainties on
which the visualization is based. For the proponents
of non-photorealistic rendering, a major source of
anxiety with photorealistic visualizations seemed to be
that an eventual triumph of the photorealistic pro-
gramme would lead to a monstrous hybridity where
human actors are deprived of their legitimate control
over non-humans. From this perspective, a photoreal-
istic visualization enforces a knowledge-made-explicit
programme with a cultural force that leaves little
room for human agency. For the proponents of non-
photorealistic rendering, the advantage of non-photo-
realism lies in its capability to mitigate the risk by
reducing ambiguity and cutting out all potentially
unreliable knowledge that might be misunderstood.
This hope of escaping the chimera-like hybridity of
reality shared by the proponents of non-photorealism
and also some of the supporters of photorealism,
might be, however, misplaced. The long line of schol-
arship that has unpacked the performativity of scien-
tific and scholarly visualizations suggests the attempts
to reduce ambiguity by producing diagrammatic do
not undo cyborgs. They may be different but still very
much around.

Recent critique of the lack of understanding of the
underpinnings of human information work (Huvila
2016) and the problematic assumptions underlying
many of the standard solutions from information sys-
tems to information services and information literacy
education (Sullivan 2019) suggests that the insights
from the debate on archaeological visualizations are of
value for the information field as a whole. The con-
cern about over-simplication of information seeking,
the increasing invisibility of its infrastructures (Haider
and Sundin 2019; Huvila 2016), and the drive to use
technologies to turn everything to “raw” data (Lynch
2014) do, however, flag the need for a new way to
approach the problems – cyborgically. Especially when
it feels the most counter-intuitive, it might be advis-
able to think cyborgically – try to understand the real-
ity in all of its complexity and hybridity. In this
respect the shift in the literature from the visual out-
look of the rendering to geometry of information,
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parallel or stepwise visualizations or paradata (e.g.,
Denard 2012; Forte 2004; Frankland and Earl 2011;
Hageneuer and Franzmeier 2017) are a healthy change
of focus. Even if the appearance of a visualization,
similar to a cumbersome weight in a key, conveys
some meaning, it is difficult to use precisely enough,
to drive a programme, which is as complex as com-
municating the intellectual premises of an archaeo-
logical visualization (or something else that is
comparable complex) and also how to reflect upon
them. To achieve that, it is necessary to envision and
furnish the spectator-visualization-cyborg with more
intricate means to drive these programmes akin to
critical design, as a form information making that
helps to make its participants critically aware of their
“everyday lives,” or here in the context of archaeo-
logical information work, and “in particular how their
lives are mediated by assumptions, values, ideologies,
and behavioral norms inscribed in designs” (Bardzell
and Bardzell 2013, 3298).

Building on Haraway, the fact that photorealistic
visualizations or other social information technologies
(combining human and machine in one) unfold as
monstrous cyborgs means that they have a potential
to bring forth a range of new ways of interacting and
not interacting with information (i.e., information
work practices and/or information literacies) – for
both better and worse. To understand their potential
and related risks, it is important to delve into the
complete entanglement of diverse programmes they
are driving and driven by, instead of falling back to a
dualism of one programme and its anti-programme.
Archaeological visualizations or information systems
are, after all, seldom as simple as a cumbersome
weight in a hotel key.

Notes

1. In activity theory literature, Virkkunen (2006, 66)
suggests that hybrid agency is about hybridization or “a
double object of activity for one actor and partially –
but only partially – overlapping objects of several
activity systems”, which entails “collaboration between
two activity systems that preserve their identity in the
collaboration” of parallel activity systems.

Acknowledgements

An earlier version of this paper was presented at the IFIP
WG 8.2 working conference in San Francisco in December
2018. This work has received funding from the European
Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme grant

agreement No 818210 as a part of the project CApturing
Paradata for documenTing data creation and Use for the
REsearch of the future (CAPTURE) and from the Swedish
Research Council under the Grant 340-2012-5751. The
work has also benefited of the discussions at different events
organised by the COST Action ARKWORK, supported by
COST (European Cooperation in Science and Technology).

ORCID

Isto Huvila http://orcid.org/0000-0001-9196-2106

References

Abu Bakar, J. A., S. N. Abdul Salam, A. N. Zulkifli, M. K.
Ahmad, and M. Z. Ruslan. 2014. The effect of 3D realism
and meaning making: A conceptual model. Paper pre-
sented at the Knowledge Management International
Conference 2014 (KMICe), August 2014, Langkawi,
Malaysia. Accessed August 23, 2020. http://repo.uum.edu.
my/12621/1/khai.pdf.

Adkins, L., and R. Adkins. 1989. Archaeological illustration.
Cambridge, UK: Cambridge University Press.

Alcadipani, R., and J. Hassard. 2010. Actor-network theory,
organizations and critique: Towards a politics of organiz-
ing. Organization 17 (4):419–35. doi: 10.1177/
1350508410364441.

Amsterdamska, O. 1990. Surely you are joking, monsieur
Latour! (Review of Science in action by B. Latour).
Science, Technology, & Human Values 15 (4):495–504.
doi: 10.1177/016224399001500407.

Apollonio, F. I., and E. C. Giovannini. 2015. A paradata
documentation methodology for the uncertainty visual-
ization in digital reconstruction of CH artifacts. SCIRES-
IT-SCIentific RESearch and Information Technology 5 (1):
1–24. Accessed August 23, 2020. http://www.sciresit.it/
article/viewFile/11415/10609.

Arnold, D., A. Chalmers, H. Rushmeier, K. Ikeuchi, R.
Scopigno, and M. Mudge. 2004. Cultural heritage and
computer graphics: What are the issues? In SIGGRAPH
‘04: Special Interest Group on Computer Graphics and
Interactive Techniques, ed. J. Marks, 5–8. New York:
ACM.

Bahn, P. G. 2012. Archaeology: A very short introduction.
Oxford, UK: Oxford University Press.

Baigrie, B. S. 1996. Introduction. In Picturing knowledge:
Historical and philosophical problems concerning the use
of art in science, ed. B. S. Baigrie, xvii–xiv. Toronto:
University of Toronto Press.

Barany, M. J., and D. MacKenzie. 2014. Chalk: Materials
and concepts in mathematics research. In Representation
in scientific practice revisited, ed. C. Coopmans, 107–29.
Cambridge, MA: MIT Press.

Barcel�o, J. A. 2000. Visualising what might be: An introduc-
tion to virtual reality techniques in archaeology. In
Virtual Reality in Archaeology: Proceedings of the
Computer Applications and Quantitative Methods in
Archaeology (BAR International Series 843), eds. J. A.
Barcel�o, M. Forte, and D. H. Sanders, 9–36. Oxford, UK:
BAR Publishing.

54 I. HUVILA

http://repo.uum.edu.my/12621/1/khai.pdf
http://repo.uum.edu.my/12621/1/khai.pdf
https://doi.org/10.1177/1350508410364441
https://doi.org/10.1177/1350508410364441
https://doi.org/10.1177/016224399001500407
http://www.sciresit.it/article/viewFile/11415/10609
http://www.sciresit.it/article/viewFile/11415/10609


Bardzell, J., and S. Bardzell. 2013. What is "critical" about
critical design? In CHI ’13: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems,
3297–3306. New York: ACM. doi: 10.1145/2470654.
2466451.

Baudrillard, J. 1996. Simulacra and simulation. Ann Arbor,
MI: University of Michigan Press.

Bentkowska-Kafel, A., H. Denard, and D. Baker (eds.).
2012. Paradata and transparency in virtual heritage.
Farnham, UK: Ashgate.

Besteman, C. L., and H. Gusterson. 2019. Life by algorithms:
How roboprocesses are remaking our world. Chicago, IL:
University of Chicago Press.

Brusaporci, S. 2016. The importance of being honest: Issues
of transparency in digital. In Handbook of research on
emerging technologies for architectural and archaeological
heritage, ed. A. Ippolito, 66–93. Hershey, PA: IGI Global.

Carroll, F. 2010. Designing (for) experiences in photorealis-
tic VR environments. New Review of Hypermedia and
Multimedia 16 (1–2):181–94. doi: 10.1080/
13614561003710250.

Champion, E. 2015. Experiential realism and digital place-
making. Metaverse Creativity 5 (1):51–66. doi: 10.1386/
mvcr.5.1.51_1.

Chng, E. 2009. Experiential archaeology: Is virtual time
travel possible? Journal of Cultural Heritage 10 (4):
458–70.

Coeur, G., and L. Moccozet. 2011. A wiki-based interface to
collaboratively annotate 3D models with large texts. In
EDULEARN11: Proceedings of the 3rd International
Conference on Education and New Learning Technologies,
6215–24. Valencia, Spain: IATED Publications.

Cohen, J. J. 1997a. Preface. In Monster theory: Reading cul-
ture, ed. J. J. Cohen, vii–xiii. Minneapolis: University of
Minnesota Press.

Cohen, J. J. 1997b. Monster culture (seven theses). In
Monster theory: Reading culture, ed. J. J. Cohen, 3–25.
Minneapolis, MN: University of Minnesota Press.

Coopmans, C., J. Vertesi, M. Lynch, and S. Woolgar (eds.).
2014. Representation in scientific practice revisited.
Cambridge, MA: MIT Press.

Danielov�a, M., H. Kumke, and S. Peters. 2016. 3D recon-
struction and uncertainty modelling using fuzzy logic of
archaeological structures: Applied to the temple of Diana
in Nemi. Cartographica: The International Journal for
Geographic Information and Geovisualization 51 (3):
137–46. doi: 10.3138/cart.51.3.3160.

de Rijcke, S., and A. Beaulieu. 2014. Networked neurosci-
ence: Brain scans and visual knowing at the intersection
of atlases and databases. In Representation in scientific
practice revisited, eds. C. Coopmans, J. Vertesi, M. Lynch,
and S. Woolgar, 131–52. Cambridge, MA: MIT Press.

Dell’Unto, N., G. Landeschi, J. Apel, and G. Poggi. 2017.
4D recording at the trowel’s edge: Using three-dimen-
sional simulation platforms to support field interpret-
ation. Journal of Archaeological Science: Reports 12:
632–45. doi: 10.1016/j.jasrep.2017.03.011.

Denard, H. 2012. A new introduction to the London
Charter. In Paradata and transparency in virtual heritage,
eds. A. Bentkowska-Kafel, H. Denard, and D. Baker,
57–71. Farnham, UK: Ashgate.

Durante, R., P. Pinotti, and A. Tesei. 2019. The political leg-
acy of entertainment TV. American Economic Review 109
(7):2497–530. doi: 10.1257/aer.20150958.

Eco, U. 1986. Travels in hyperreality: Essays. San Diego, CA:
Harcourt Brace Jovanovich.

Eiteljorg, H. II. 1998. Photorealistic visualizations may be
too good. CSA Newsletter, Fall: n. p. Accessed August 28,
2020. http://csanet.org/newsletter/fall98/nlf9804.html

Eiteljorg, H. II. 2000. The compelling computer image: A
double-edged sword. Internet Archaeology (8):28–2020.
Accessed August. https://intarch.ac.uk/journal/issue8/
eiteljorg_toc.html. doi: 10.11141/ia.8.3.

Engestr€om, Y. 2008. From teams to knots: Studies of collab-
oration and learning at work. Cambridge, UK: Cambridge
University Press.

Engestr€om, Y. 2009. The future of activity theory: A rough
draft. In Learning and expanding with activity theory, eds.
A. L. Sannino, H. Daniels, and K. D. Gutierrez, 303–28.
Cambridge, UK: Cambridge University Press.

Forte, M. 2004. Cibernetica e beni culturali: Il problema
della cornice. Paper presented at Workshop Interazione e
Comunicazione Visuale nei Beni Culturali, Perugia, Italy,
September.

Forte, M., S. Pescarin, and L. Pujol. 2006. VR applications,
new devices and museums: Visitors’s feedback and learn-
ing. A preliminary report. In Proceedings of the 7th
International Symposium on Virtual Reality, Archaeology
and Cultural Heritage, eds. M. Ioannides, D. Arnold, F.
Niccolucci, and K. Mania, 64–9. Aire-la-Ville,
Switzerland: Eurographics.

Frankland, T., and G. Earl. 2011. Authority and authenticity
in future archaeological visualisation. In Proceedings of
ADS-VIS 02011: Making visible the invisible: Art, design
and science in data visualisation, ed. M. Hohl, 62–9.
Huddersfield, UK: University of Huddersfield. Accessed
August 28, 2020. http://eprints.hud.ac.uk/id/eprint/12775/
5/Making_visible_the_invisible.pdf.

Frick�e, M. 2015. Big data and its epistemology. Journal of
the Association for Information Science and Technology 66
(4):651–61. doi: 10.1002/asi.23212.

Giddens, A. 2002. Runaway world: How globalization is
reshaping out lives. London: Profile.

Gillings, M. 2000. Plans, elevations and virtual worlds: The
development of techniques for the routine construction
of hyperreal simulations. In Virtual Reality in
Archaeology: Proceedings of the Computer Applications
and Quantitative Methods in Archaeology (Volume 843 of
BAR International Series), eds. J. A. Barcel�o, M. Forte,
and D. H. Sanders, 59–69. Oxford, UK: Archaeopress.

Goodwin, C. 1994. Professional vision. American
Anthropologist 96 (3):606–33. doi: 10.1525/aa.1994.96.3.
02a00100.

Guidi, G., Frischer, and B. and I. Lucenti. 2007. Rome
reborn: Virtualizing the ancient imperial Rome. Paper
Presented at 3D-ARCH 2007: Virtual Reconstruction and
Visualization of Complex Architectures, Z€urich,
Switzerland, July. Accessed August 30, 2020. https://www.
isprs.org/proceedings/XXXVI/5-W47/pdf/guidi_etal.pdf.

Gutierrez, D., V. Sundstedt, F. Gomez, and A. Chalmers.
2007. Dust and light: Predictive virtual archaeology.
Journal of Cultural Heritage 8 (2):209–14. doi: 10.1016/j.
culher.2006.12.003.

THE INFORMATION SOCIETY 55

https://doi.org/10.1145/2470654.2466451
https://doi.org/10.1145/2470654.2466451
https://doi.org/10.1080/13614561003710250
https://doi.org/10.1080/13614561003710250
https://doi.org/10.1386/mvcr.5.1.51_1
https://doi.org/10.1386/mvcr.5.1.51_1
https://doi.org/10.3138/cart.51.3.3160
https://doi.org/10.1016/j.jasrep.2017.03.011
https://doi.org/10.1257/aer.20150958
http://csanet.org/newsletter/fall98/nlf9804.html
https://intarch.ac.uk/journal/issue8/eiteljorg_toc.html
https://intarch.ac.uk/journal/issue8/eiteljorg_toc.html
https://doi.org/10.11141/ia.8.3
http://eprints.hud.ac.uk/id/eprint/12775/5/Making_visible_the_invisible.pdf
http://eprints.hud.ac.uk/id/eprint/12775/5/Making_visible_the_invisible.pdf
https://doi.org/10.1002/asi.23212
https://doi.org/10.1525/aa.1994.96.3.02a00100
https://doi.org/10.1525/aa.1994.96.3.02a00100
https://www.isprs.org/proceedings/XXXVI/5-W47/pdf/guidi_etal.pdf
https://www.isprs.org/proceedings/XXXVI/5-W47/pdf/guidi_etal.pdf
https://doi.org/10.1016/j.culher.2006.12.003
https://doi.org/10.1016/j.culher.2006.12.003


Hageneuer, S. 2020. The challenges of archaeological recon-
struction: Back then, now and tomorrow. In
Communicating the past in the digital age: Proceedings of
the International Conference on Digital Methods in
Teaching and Learning in Archaeology (12th-13th October
2018), ed. S. Hageneuer, 101–12. London: Ubiquity Press.

Hageneuer, S., and H. Franzmeier. 2017. From the Nile
Delta to Karlsruhe: Or how to present mud bricks in an
exhibition. CIPEG Journal 1:15–26.

Haider, J., and O. Sundin. 2016. Algoritmer i samh€allet
[Algorithms in society]. Stockholm: Kansliet f€or strategi-
och samtidsfrågor, Regeringskansliet.

Haider, J., and O. Sundin. 2019. Invisible search and online
search engines: The ubiquity of search in everyday life.
London: Routledge.

Hall, B. S. 1996. The didactic and the elegant: Some
thoughts on scientific and technological illustrations in
the middle ages and renaissance. In Picturing knowledge:
Historical and philosophical problems concerning the use
of art in science, ed. B. S. Baigrie, 184–214. Toronto:
University of Toronto Press.

Haraway, D. 1992. Promises of monsters: A regenerative
politics for inappropriate/d others. In Cultural Studies,
eds. L. Grossberg, C. Nelson, and P. Treichler, 295–337.
London: Routledge.

Haraway, D. J. 1991. Simians, cyborgs, and women: The
reinvention of nature. New York: Routledge.

Hardwicke, N. 2018. Frankenstein’s monster as mythical
mattering: Rethinking the creator-creation technology
relationship. In Living with monsters? Social implications
of algorithmic phenomena, hybrid agency, and the per-
formativity of technology, eds. U. Schultze, M. Aanestad,
M. M€ahring, C. Østerlund, and K. Riemer,191–7. Cham,
Switzerland: Springer.

Harris, O. J., and C. Cipolla. 2017. Archaeological theory in
the new millennium. London: Routledge.

Hasse, C. 2017. Research as relational agency: Expert eth-
nographers and the cultural force of technologies. In
Working relationally in and across practices: A cultural-
historical approach to collaboration, ed. A. Edwards,
229–46. Cambridge, UK: Cambridge University Press.

Hauck, O., and P. Kuroczy�nski. 2015. Cultural heritage
markup language-designing a domain ontology for digital
reconstructions. Paper presented at VA2015: 2nd
International Conference on Virtual Archaeology, St.
Petersburg, Russia, June.

Hoang, T. D., Reis, J. N. Zhu, J. Jacobs, D. R. L. J. Launer,
R. A. Whitmer, S. Sidney, and K. Yaffe. 2016. Effect of
early adult patterns of physical activity and television
viewing on midlife cognitive function. JAMA Psychiatry
73 (1):73–9. doi: 10.1001/jamapsychiatry.2015.2468.

Hodder, I. (ed.). 2012. Archaeological theory today. 2nd ed.
Cambridge, UK: Polity.

Holtorf, C. 2015. Are we all archaeologists now? Journal of
Contemporary Archaeology 2 (2):217–59. doi: 10.1558/jca.
v2i2.28463.

Huggett, J. 2016. Digital haystacks: Open data and the
transformation of archaeological knowledge. In Open
source archaeology: Ethics and practice, eds. A. T. Wilson
and B. Edwards, 6–29. Berlin: De Gruyter Open.

Huggett, J. 2019. Explainability in digital systems. Accessed
September 1, 2020. https://introspectivedigitalarchaeology.
com/?s=Explainabilityþ

Huvila, I. 2006. The ecology of information work: A case
study of bridging archaeological work and virtual reality
based knowledge organisation. Åbo, Finland: Åbo
Akademi University Press.

Huvila, I. 2013. How a museum knows? Structures, work
roles, and infrastructures of information work. Journal of
the Association for Information Science and Technology 64
(7):1375–87.

Huvila, I. 2015. Situational appropriation of information.
Aslib Journal of Information Management 67 (5):492–504.
doi: 10.1108/AJIM-02-2015-0033.

Huvila, I. 2016. Affective capitalism of knowing and the
society of search engine. Aslib Journal of Information
Management 68 (5):566–88. doi: 10.1108/AJIM-11-2015-
0178.

Huvila, I. 2017. The subtle difference between knowledge
and 3d knowledge. Hamburger Journal F€ur
Kulturanthropologie 7 (1):99–111.

Isenberg, T., P. Neumann, S. Carpendale, M. C. Sousa, and
J. A. Jorge. 2006. Non-photorealistic rendering in context:
An observational study. In NPAR06: Proceedings of the
4th International Symposium on Non-Photorealistic
Animation and Rendering, 115–126. New York: ACM.

Jablonka, P., S. Kirchner, and J. Serangeli. 2003. TroiaVR: A
virtual reality model of Troy and the Troad. In CAA
2002: Proceedings of the 30th Computer Applications and
Quantitative Methods in Archaeology Conference, 13–8.
Athens, Greece: Archive of Monuments and Publications,
Hellenic Ministry of Culture, Greece.

Jones, S., S. Jeffrey, M. Maxwell, A. Hale, and C. Jones.
2018. 3d heritage visualisation and the negotiation of
authenticity: The accord project. International Journal of
Heritage Studies 24 (4):333–53. doi: 10.1080/13527258.
2017.1378905.

Kastanis, L. 2019. Authenticity in digital archaeological
reconstructions: A workflow pipeline and data classifica-
tion system to inform and validate the digital reconstruc-
tion process. Doctoral dissertation, Queensland
University of Technology.

Kitchin, R. 2014. Big data, new epistemologies and para-
digm shifts. Big Data & Society 1 (1): 2053951714528481.
doi: 10.1177/2053951714528481.

Kjellman, U. 2016. To document the undocumentable:
Photography in the scientific practice of physical anthro-
pology and race biology. Journal of Documentation 72
(5):813–31. doi: 10.1108/JD-09-2015-0116.

Klein, A. W., W. Li, M. M. Kazhdan, W. T. Corrêa, A.
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