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Abstract: In 1964 the Venice Charter described anastylosis as the only acceptable method of re-
assembly of architectural remains. Although the scientific community has agreed with the Charter’s
decision, many questions pertaining to the technical and aesthetic aspects of anastylosis remain
unanswered. Virtual anastylosis seems one of the most promising digital solutions to finding at
least some answers, as it permits testing various solutions before carrying out the actual physical
re-erection of a damaged monument. Studying such variants with eye-trackers allows the partici-
pation of non-professional viewers at the very beginning of the process, that is at the design stage.
By understanding how ordinary people look at different reconstructions, professionals and scholars
can determine which elements would assist and which would hinder the instinctive assessment
of the object’s value and history. This study compares perceptions of three variants of the same
column. A total of 232 people were divided into three groups and asked to examine different types
of anastyloses: with an empty cavity, with a cavity filled with a brighter stone, and with a cavity
filled with a stone of the same color and texture as the rest of the column. Their perception of the
columns was then analyzed using several parameters, including the number of fixations, the time
spent looking at individual elements, and the chronological order in which the parts of the stimuli
was taken in. This paper explores the benefits and the potential of this new research tool as well as
offers a more detailed look at what a viewer-friendly model of anastylosis may be like.

Keywords: anastylosis; eye-tracking; heritage; museum exhibition; perception; conservation; restora-
tion

1. Introduction

The concept of anastylosis and its application in conservation and protection of ar-
chitectural monuments at archaeological sites was described in article 15 of the Venice
Charter: “All reconstruction work should however be ruled out a priori. Only anastylosis,
that is to say, the reassembling of existing but dismembered parts can be permitted. The
material used for integration should always be recognizable and its use should be the
least that will ensure the conservation of a monument and the reinstatement of its form”
(ICOMOS 1964). Since then, most of the scientific community involved in excavations has
agreed that anastylosis is the only acceptable method of re-erection of architectural remains.
The scientific discussion that has accompanied individual pieces of anastylosis focused
primarily on technical issues, such as the minimum amount of original material necessary
to perform anastylosis (ICOMOS 1964), the type of appropriate support structures for the
original elements (Torun and Ercan 2013, p. 38; Vacharopoulou 2006, p. 78), and finally
whether to fill the cavities or not, and if so, what material should be used for the filling
(Torun and Ercan 2013, pp. 29, 37–38; Vacharopoulou 2006, p. 82). This last issue has been
discussed in little detail, although it has been emphasized that the new inserts need to be
visibly distinguished from the historic structure in a “slight, yet harmonious” way (Mertens
1984, p. 119; Petzet 2002, p. 190; Vacharopoulou 2006, p. 78), and that it is vital to ensure
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the mechanical and aesthetic compatibility between the old and the new fragments (Torun
and Ercan 2013, p. 37).

The debate concerning how to fill in the cavities goes on, but in most cases it focuses
on various technical aspects and advantages of different materials that can be applied for
that purpose, for example how easily discernible they are from the original stone or how
they age (Vacharopoulou 2006, pp. 82, 209–11, 260–1, 298). However, anastylosis is a design
process, which requires not only technical, but also—or perhaps even more importantly—
aesthetic decisions. Only a few researchers pay attention to the aesthetic and visual aspects
of the contrast between the original elements and the new inserts (Mertens 1984, p. 119;
Vacharopoulou 2006, p. 78; Bold et al. 2018). Many scholars accept the guidelines presented
in the Venice Charter and claim that the new fragments should always be recognizable
(Petzet 2004; Rusnak 2021a) or even “remain in the background” (Vacharopoulou 2006, p.
78) in order not to divert attention from the old parts. This, it seems, can only be achieved
by means of a material which differs from the original one. Various methods of highlighting
the new elements have been suggested and include differences in color, texture, or physical
and chemical composition of the material, using stamps, labels or identifying marks placed
on the new elements, and finally the application of modern technology and multimedia
(Torun and Ercan 2013, p. 38; Vacharopoulou 2006, pp. 211, 260–1).

It is not only the visual distinction between the old and the new where cutting-edge
technology comes in handy. Photogrammetry, 3D scanning, and other techniques of
preparing digital spatial documentation make it possible to create, in a relatively short time,
extremely accurate digital models of entire archaeological sites along with architectural
monuments. As a result, virtual anastylosis can be fairly easily created (Agnello and
Cannella 2013; Canciani et al. 2013; Kurdy et al. 2011; Stanco et al. 2017), which in turn makes
it possible to test various solutions before an actual physical reassembly of a damaged
monument is carried out.

It is understood that professionals involved in heritage management “should recognize
their role as storytellers” (Hamilakis 2001, pp. 91–99) providing easy and clear access to
what the past has to offer (Egloff 2019). Therefore, the final decision as to what kind of
anastylosis to apply for the given monument remains with the experts responsible for this
particular site and is therefore rather subjective. Since more and more people, including the
members of the scientific community, seem to realize that this subjectivity may constitute
a drawback, the voice of non-professionals has recently been gaining importance. The
participation of such people in the process of making decisions concerning heritage has
been postulated at least since the proclamation of the Burra Charter in 1979 (ICOMOS 2013;
Sroczyńska 2021, p. 9), and then repeated and strongly emphasized in the 2008 Ename
Charter (ICOMOS 2008; Sroczyńska 2021, p. 9). Research conducted among visitors of
archaeological sites shows that they do consider anastylosis a proper method of protection
of architectural monuments, but at the same time they express some doubts about “the
monument looking fake” (Vacharopoulou 2006, pp. 221–6).

It should be strongly emphasized that anastylosis is a design process–by its nature
individual and subjective, requiring many choices concerning technical and aesthetic
aspects that may prove difficult to reconcile. The complexity of the process increases when
the designers want and need to save materials, time, and/or money. Since it is our goal
as specialists to facilitate the perception of what heritage has to offer (Sroczyńska 2018),
we should perhaps ask ourselves if it is possible to formulate any clear rules, convincing
arguments or objective methods that could support experts in their decision-making process.
How to evaluate people’s perception of anastylosis in its many variants? Believing that
the management and interpretation of monuments “isn’t magic” (Ham 2004) in this paper
we are going to present a specific tool—the eye tracker—that in our opinion can facilitate
discussions of experts, change the way we think about public participation in conservation,
and develop our understanding of how heritage is perceived. The use of eye trackers
can help build a bridge between virtual anastylosis and the actual actions that historical
structures are subjected to in the conservation process.
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1.1. Eye Trackers and Their Metrics

Eye trackers are devices most often used to diagnose the way people look at objects pre-
sented to them. There are many studies explaining how eye-trackers function (Duchowski
2007; Holmqvist et al. 2022; Poole and Ball 2006). This technology is not only used as a
research tool, but it also enables the construction of medical aids (Fager et al. 2022) or makes
it possible to control games with eyesight (Sundstedt 2012).

There are four main groups of eye-tracking devices. Stationary eye trackers enable an
examination of how one perceives stimuli displayed on a screen (Plumhoff and Schirillo
2009). A mobile one, placed on the subject’s head, makes it possible to collect data while the
participant is moving in the analyzed space (Gholami et al. 2021). Eye trackers integrated
with additional devices allow one to collect eye-tracking data in virtual reality simulations,
and the last group does the same for augmented reality (Josephson and Myers 2019).

The way people perceive the presented objects is interpreted by analyzing fixations
(points of one’s focus) and saccades (quick shifts of one’s gaze). The interpretation of
fixations depends mostly on their duration (Galley et al. 2015) since cognitive fixations last
from 150 to 900 ms. Saccades have a suppressive effect “when vision is drastically reduced”
(Zimmermann 2020). As a result, only a few perceptual studies examine this aspect. Eye
trackers record one’s gaze path and make notes of fixations that fall within predetermined
areas of interest (AOIs). The data obtained this way include:

• Visitors—the number of people who looked at a specific AOI;
• Revisitors—the number of people who looked at a specific AOI more than once;
• Average fixation duration (AFD)—the time when one’s eyesight was fixed on the

specific area;
• Time to first fixation (TFF)—the time that passed before a given area was visually

explored for the first time;
• Average fixation count (AFC)—the number of fixations performed in a given area;
• Total visit duration (TVD)—entire time that subjects devoted to observing a particular

AOI.

1.2. Eye Trackers, Architecture and Cultural Heritage

It is widely recognized that digital technologies can support, enhance, and supple-
ment traditional conservation methods assets in architecture, archeology, and museology.
Photogrammetry, videogrammetry, 3D scanning are generally used to digitize cultural
heritage (Salleh and Bushroa 2022). For this reason, the potential of eye-trackers for heritage
research should be assessed as very high. Scientists have extensive material that they can
virtually modify, and the created variants of reconstructions/additions can be subjected to
eye-tracking tests. This potential has not yet been exploited.

Eye tracking technology has been used to study people’s visual reactions to cultural
heritage. Researchers have examined how people look at paintings (Bailey-Ross et al. 2017),
how people perceive heritage in media (Tzi-Dong Ng et al. 2022; Wu et al. 2019), how
museum visitors behave (Reitstätter et al. 2020), and what encourages them to undertake
cultural tourism (Rainoldi and Jooss 2020). Measurements based on eye-tracking data
have been made in relation to landscape (Huang and Pan 2021; Qiu et al. 2020), urban
layouts (Hollander et al. 2020; Krupina et al. 2017; Zvyagina and Assis 2018), elevations
(De la Fuente Suárez 2020; Zou and Ergan 2019), historical interiors (Mandolesi et al. 2022;
Rusnak and Ramus 2019) and historical details. There has been an interesting study that
registered the gaze path during the process of knowledge acquisition in cultural heritage
games (Raptis et al. 2019). An eye-tracking analysis has also been made of how various
levels of luminance of cavity fillings affect the perceptions of anastylosis (Rusnak 2021b).
The researchers decided to test their hypotheses in laboratory conditions, using stationary
ET (Rusnak 2021a), but it is possible to test natural cognitive situations (Reitstätter et al.
2020), prepare experiments in VR (Zhang et al. 2019) and AR (Pedersen et al. 2010).
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2. Research Goal

The accessibility of research tools enabling virtual reconstruction allows for some-
thing that was much less possible in the past—that is, to study the social reception of the
considered variants. However, there are many factors that contribute to the perception of
anastylosis and they cannot all be studied at the same time—to the contrary, they ought to
be tackled one by one. Only then can one gain objective knowledge as to the connection
between particular design decisions and reactions of viewers—knowledge that could later
be translated into actual improvements in how exhibits are prepared so that their viewers
can connect with heritage and history in the best way possible. In order to create an ap-
pealing tourist offer at archaeological sites and museums, designers need to add elements
that the audience requires as well as remove potential obstacles (Elitaş 2021). That is why
this research deals with one of such design decisions and people’s reactions to it. The aim
was to find out how different approaches to cavities in reassembled historical monuments
affect the visual reactions of non-professional viewers.

However, this paper is by no means limited to a typical case study. The authors
hope that new research experience gained while conducting this experiment as well as
the conclusions arrived at will make it possible to further improve the methodology
of conducting similar eye-tracking studies. Moreover, the article aims to promote the
introduction of biometric tools, in particular the eye tracker, into the conservation process
since the inclusion of such devices might allow experts to reduce the risk of making wrong
choices.

Treating anastylosis as part of a broader issue of integrations in architectural restora-
tion, the experiment would hopefully find a wider application. Specialists in the field have
limited tools to evaluate the aesthetic aspect of their design choices prior to realization. The
use of the eye-tracker and virtual images to analyze the way a general public observe arti-
facts can therefore make a valuable contribution to the topic. Frescoes, mosaics, sculptures,
ceramics, architectural details, and even entire buildings could be subjected to research,
without damaging them. This leads to sustainable heritage management that can result in
measurable as well as financial benefits. Finally, it is intended as encouragement for other
scholars, architects, conservators, and archeologists to use neurocognitive tools such as eye
trackers to verify the methods and processes applied in the field of care and management
of monuments (Coburn et al. 2017).

3. Materials and Measures

By describing the methodology, the authors are able to both justify the decisions that
were made and ensure that the experiment may be repeated in the future (Holmqvist
et al. 2022; Carter and Luke 2020). This part of the paper depicts the stimulus preparation
process, describes the laboratory equipment, as well as outlines the characteristics of the
participants and the criteria for initial data verification. It concludes with an outline of the
research procedure, justifying subsequent decisions.

3.1. The Principle of Creating Stimuli
3.1.1. What Object to Choose for Research?

Objects of varied scale and made of multiple different materials are subjected to
anastylosis. To focus on presenting a pro-social approach to management of monuments
rather than an analysis of a very specific case, it was decided that the object used in the test
should refer to the most common understanding of anastylosis. In the authors’ opinion, if a
non-professional was asked to select an image to illustrate the term anastylosis, they would
choose a Greek temple, an ancient portico, or a stone column that has been reassembled. A
Google search of the term anastylosis in numerous languages showed that this assumption
was valid. It was then decided that an image of a reassembled limestone column would be
used in the experiment.
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In the future, we hope to conduct research on other objects that need restoration
(sculptures and statuary complexes, frescoes, mosaics), but the comparative experiment
required the selection of a formally and materially uniform object.

3.1.2. Preparation of the Stimuli

Reassembled heritage can be exhibited in a city (Fouseki 2009), at archaeological
sites (Czerner 2015), or inside a museum (Fouseki 2008). These are three highly different
cognitive situations and each is directly linked with a number of factors that may or may
not influence the viewers’ reactions to a particular object. Since the aim of the paper is
to explore some general principles of how to optimize the presentation of anastylosis, it
was viewed as beneficial to reduce the number of features that might affect the visual
behavior of the experiment’s participants. As the surrounding environment, landscape,
and other architectural features were found to be visual distractors (Chelazzi et al. 2019), it
was decided that the object would be displayed on a plain black background. This choice
made it necessary to use 2D stimuli presented on a computer screen and in turn resulted
in the use of a stationary eye tracker. The presented object was arranged vertically and
made as large as possible to fit on a rotated screen. As a result of the enlargement, the
accuracy of the data could be improved. Although such simplified presentation of the
object makes the experiment less similar to a life-like cognitive situation, it compensates
for that by making it possible to arrive at a much more precise interpretation, detached
from broad scientific discussions about the influence of distractors on visual perception
(Becker 2010; Irons and Leber 2016). We examine a series of interrelated stimuli, instead of
one situation. Based on the results of an experiment conducted in 2022 (Rusnak 2022), we
know there is a coincidence between 3D and 2D experiments sufficient to claim that the
main relations between series of stimuli are preserved.

The basic model of a Ionic column prepared in Blender 2.65 is cracked but complete,
without any cavities (Figure 1A). The other two visualizations differ in only one aspect.
The first has an empty cavity (Figure 1B), and the second has a filling in the same place, but
it is brighter than the original stone (Figure 1C).
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Figure 1. Three types of anastylosis used in the experiment: (A) complete; (B) with an empty cavity;
(C) with a cavity filled with lighter stone.

In order to choose the level of luminance for the filling in the third variant, a short
preliminary experiment was conducted among 25 volunteers. These were students of the
1st or 3rd semester of MSc studies in Architecture and Monument Protection, at the Faculty
of Architecture of the Wrocław University of Science and Technology. They constitute
a homogenous group characterized by similar age, knowledge, and skills; they tend to
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understand conservation theory but can boast little practical experience which could
affect their judgement. These students were presented with several variants of the same
anastylosis modified in Photoshop Adobe Creative Cloud CC2015 so that their cavity
fillings varied in luminance (Figure 2). They were asked to mark all options they considered
inappropriate as well as the option they deemed most preferable. Table 1 summarizes the
results.
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Figure 2. Variants 1–8 presented to the participants of the preliminary experiment. Eight examples
differ in the luminance of the additions..

Table 1. Answers given by the participants in the preliminary experiment.

1 2 3 4 5 6 7 8

I Selected as the best option 0 3 11 4 1 0 0 6
II Excluded as poor alternatives 25 4 0 0 19 25 25 3

Final note = I–II −25 −1 11 4 −18 −25 −25 3

Since the third variant was the one that most participants opted for and no participants
deemed inappropriate, it was chosen as the one used for the experiment.

3.2. Laboratory, Hardware, and Software

The laboratory was a quiet room with dimmable lights with a stand for the participant
and for the supervisor. The researcher sat to the side, out of sight of the participant.
All unnecessary equipment was removed from the room. Our goal was to present the
prepared stimuli at as large a size as possible. It was therefore decided to turn the 24”
monitor vertically (DELL Ultra Sharp U2415b). Because significant vertical movements
of the head and eyeballs negatively affected the quality of the collected data, after a trial
run it was decided to keep a 10 cm distance between the edges of the screen and the
edges of the column. Adjusted at the beginning of the data collecting process, the display
settings—contrast, color, brightness—were not changed at any further point. According to
the producer’s guidelines, the participants sat at a distance of 70–90 cm from the screen
(Tobii Pro Site 2022).

3.3. Participants

Efforts were made to ensure cultural, gender, and age diversity while maintaining
methodological homogeneity within the group of volunteers attracted via posters, leaflets,
and social media advertising. Potential candidates reported their willingness to participate
online. We began with a questionnaire that collected basic data about the participant
(gender, age, place of residence, whether they wear contact lenses or glasses, declaration
of visual impairment). Our participants were all Polish adults (18) younger than 65. They
lived in the Wrocław metropolitan area and declared that they did not have any vision
problems (including color vision deviations) or that they compensated for these by wearing
corrective glasses or contact lenses. There was no optometric verification of their statement.
Because the expert viewpoint differs from the one of non-professionals (Darda and Cross
2022), no architects, musicologists, art historians, archaeologists, or students involved
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in these areas were accepted as participants. We invited 250 people to the research, but
recorded 232 people (73 exposed to stimulus A, 81 to stimulus B, and 78 to stimulus C). A
written consent was obtained from each of the participants. They were free to withdraw
from the study at any time without providing a reason. Moreover, each volunteer received
a voucher as a reward for participating in the experiment.

3.4. Procedure

We adapted the lab furniture to fit the individual needs of volunteers, and we began
the experiment proper. The five-point calibration was accepted when the maximum error
was smaller than 0.50◦ and the average error was not bigger than 0.30◦ (Carter and Luke
2020). Calibration is a process of adjusting the ET settings to the individual structure of
the eye (Figure 3A,B). Only this allows for precise indication of where the participant is
looking. Too long search for the right parameters can cause fatigue in the participant. Care
should be taken both about the quality of the data and the comfort of the volunteers. If
after three calibrations it was impossible to achieve desired values, the researcher tried
to identify the obstacle in less than 3 min. If the two following attempts at calibration
remained unsuccessful, the experiment was run so as not to disappoint the participant, but
the collected data were not used in the calculations. Several other images and visualizations
depicting anastyloses were also displayed. Separator boards with instructions were placed
between the images (Figure 3). Each stimulus was displayed for ten seconds. The separate
boards were displayed for three to five seconds. Participants were asked to “find and count
new items”(Figure 3C). Owing to this predefined task, the cognitive intention was the
same for all participants, which allows the data to be interpreted (Tatler et al. 2010). The
answer was noted while the next board was displayed with a reminder of what the task
was (Figure 3F). The purpose of the first five images was to inform the participants about
the nature of the experiment without a straightforward explanation what anastylosis is and
what the research entailed. Since it is best not to show the stimulus when participants are
not yet familiar with the task, the stimulus A, B, or C was displayed randomly as 6th–12th
image in the sequence. It was important for one observer not to see more than one of these
three stimuli, as the use of the short-term memory could affect the data (Atkinson and
Shiffrin 1971). The image presented as number 4 in the sequence had a cavity with no
filling. This was intended to show to the participants that there might be no “new items” in
the picture and thus prepare them for the possibility of there being no new additions in
stimuli A and B.

At the end of the experiment, the volunteers answered questions of yet another
questionnaire. Printouts of illustrations were shown to them. They had to specify which
element of column (one they saw—A, B, or C) was, in their opinion, the most important one.

It is significant that the participants did not know the actual purpose of the research. It
was not explained to them what anastylosis is. That is, because when visiting museums or
archaeological sites, most people do not think about this aspect or must intuitively discover
what anastylosis is.

The size of the research group decreased after the initial analysis. About 35 recordings
were considered unreliable. The most common reasons for exclusion were external factors
(e.g., the system crashed, someone entered the laboratory, the participant’s cell phone rang).
Some participants turned out to be unaware that they had strabismus. The calibration pro-
cess failed for several participants. Finally, the data for two participants were inconclusive
due to defects in registration caused by drooping eyelids or long eyelashes.

Ultimately, the analyzed research group included 197 people (A-63/B-70/C-64) (Figure 4);
116 women, 80 men, and one nonbinary person participated in the research (Figure 5).
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Figure 3. The course of the experiment (as presented during the experiment-in Polish). (A,B)
Calibration section. (C,F) Separator boards with instructions. (D,G) Illustrations/stimuli (displayed
for 10 s). (E,H) Separator boards with instructions—when the volunteer answered, another board
was displayed. (translation: (A) Please look at the point that will move on the next board. (C) On the
details shown, within 10 s find and count newly added elements. (E,H) Tell us out loud how many
new items there were. (F) Recount new items).
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In view of the research goals, the group was considered homogenous. Literature
review shows that the number of participants in eye-tracking research varies from 10 to 259
(Savin et al. 2022; Cheng et al. 2022) and that the number of people exposed to a particular
stimulus usually falls between 20 and 50 participants. Since each stimulus in the research
under discussion was shown to at least 63 people, the group size should be treated as more
than satisfactory.

4. Research Task

The guidelines which state that in properly done anastylosis the added elements
should be clearly distinguishable from the original ones are one factor which will help ana-
lyze the three variants. It is, however, equally important to remember that any change done
to historical monuments and pieces of cultural heritage should acknowledge their aesthetic
dominants and keep them in focus of the viewer’s attention. Since the column’s capital
is generally regarded its most important part, the most preferable variant of anastylosis
will be the one that retains the capital as the main focal point. One additional characteristic
which might prove important is the amount of attention paid by the viewers to the entire
object, since cognitive engagement with a monument in its entirety is also seen as a strictly
positive feature.

5. Results
5.1. Gaze Path Analysis
5.1.1. Division into Analytical Fields

To analyze the way people perceive an object, it is necessary to predetermine specific
fields within the image. Each such field is called an area of interest (AOI) and fixations are
grouped as falling within a given AOI. The same AOIs were established for all three stimuli
(Figure 6). Each image shows the area that covers the entire capital—AOI TOP—and the
triangular modified area—AOI NEW. The floor and the dark background correspond to
AOI BLACK. Due to the accuracy chosen for the measurement and the accepted calibration
result, the AOI range does not match the edge of the presented column. As a result, AOI
TOP and AOI NEW were enlarged by 0.8 cm in each direction, to reduce the risk that the
viewer’s gaze at the given part of the column will not be counted as a fixation within the
AOI for purely technical reasons. XLS data reports were generated for the indicated AOIs
(additional file). Data were analyzed and one way ANOVA was used to determine the
significance of deviations.
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5.1.2. Entire Image

The average fixation duration (AFD) calculated for the entire image was almost
identical for all three stimuli: A = 0.189 s, B = 0.184 s, C = 0.181 s (ANOVA, F(2,198) = 0.952, p
= 0.909). Table 2 shows that the number of fixations performed on the entire image differed
between stimuli A, B, and C (ANOVA, F(2,198) = 20.52, p = 0.00). The data suggest that those
exposed to stimulus B were the most active, whereas those who saw example C were the
least active (Tables 2 and 3).

Table 2. Average fixation count (AFC) for four areas of interest.

Average Fixation
Count (AFC) Entire Image AOI TOP AOI NEW AOI BLACK

example A 28.21 fix 14.46 fix 1.56 fix 1.23 fix
example B 29.36 fix 15.00 fix 6.51 fix 0.98 fix
example C 25.83 fix 15.50 fix 2.36 fix 1.09 fix

one way ANOVA F(2,198) = 20.52,
p = 0.00

F(2,198) = 0.77,
p = 0.46

F(2,198) = 79.55,
p = 0.00

F(2,198) = 0.89,
p = 0.62

Table 3. Numbers of visitors and revisitors with average numbers of visits and revisits for AOI TOP
and AOI NEW.

AOI TOP AOI NEW

Visitors Average
Visits nr Revisitors Average

Revisits Visitors Average Visits Revisitors Average
Revisits nr

example
A 63 3.95 61 3.14 42 1.21 24 2.36

example
B 70 4.10 69 3.16 70 3.16 65 3.32

example
C 64 4.62 63 3.64 47 1.86 39 2.78

5.1.3. AOI TOP

Almost all differences observed for AOI TOP turned out to be statistically insignificant
(it is when in ANOVA p > 0.05). The participants made an average of 14.46–15.5 fixations
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within this AOI (Table 2). The total visit duration lasted from 3.26–3.56 s. Only one
parameter, the time to first fixation, emerged as important for discussion (ANOVA F(2.198)
= 38.558, p = 0.00). The volunteers usually looked for the first time at this zone (TTFF) after
0.96 s while looking at stimulus A, after 1.40 s when exposed to stimulus B, and after 1.07 s
when shown variant C. Fixations were registered within this AOI for all volunteers and
only four participants chose not to give it more than one look (Table 4).

Table 4. Answers to the questionnaire. Participants were to choose the most important item within
the image. They were allowed to choose more than one item.

AOI TOP AOI NEW ANOTHER
ELEMENT

I DON’T
KNOW/UNDERSTAND

A
63 people

59
(93.7%) - 3 *

(4.8%)
1

(1.6%)
B

70 people
54

(77.1%)
7

(10%)
9 **

(12.9%)
6

(8.6%)
C

64 people
62

(96.9%)
2

(3.1%)
1 **

(1.6%)
3

(4.7%)
* (damage/cracks/holes) ** (damage/cracks).

5.1.4. AOI NEW

When interpreting the results, more attention should be paid to the AOI NEW, because
all differences observed there proved statistically significant (one way ANOVA, p < 0.05).
The number of visitors and revistiors of this AOI varied between the stimuli. All of those
exposed to stimulus B performed an average of more than three visits in this AOI. Variant
B is also distinguished by the number of revisitors and revisits (Table 3). Using Table 2 and
Chart 1 it can be seen that the lack of filling caused the biggest deviation in terms of fixation
count. The participants who looked at stimulus C on average performed 4.15 fewer fixations
within the AOI NEW field than those who looked at B. As a result of the increase in fixation
count, total visit duration changed from 0.26 s to 1.71 s (Chart 2). Time to first fixation (TFF)
also differs a lot between the stimuli (Chart 3). The distribution of this variable is clearly
more concentrated for stimuli C. The participants looking at variant B noticed the gap on
average after 1.31 s, but not later than after 2.86 s. The participants looking at example
C on average noticed the brighter cavity filling after 1.91 s. Two participants exposed to
this stimulus only spotted the filling after as much as over 6 s (however, those results were
marked as outlying).
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5.2. Final Questionnaire

After the eye-tracker test, participants were shown one of the tested columns (the one
they saw during the experiment). We asked the participants to identify the most important
element of the presented detail. The results of the survey are presented in Table 4. The
capital of the column was deemed the most important feature of stimuli A, B, and C by 174
(87.9%) participants. A total of 21 volunteers mentioned the cavities, cavity fillings, the
fluting or the visible cracks as the visually dominant element. Some participants mentioned
more than one item and there was a small percentage of volunteers who were unable to
state which element was the most important.

6. Discussion
6.1. Interpretation of Results

When the visual parameters of the entire image are compared, it becomes evident that
the smallest number of fixations was recorded for stimulus C. It is likely that this is due to
the task given to the participants beforehand—they were able to easily find and count the
new elements and therefore lost interest in the image after completing the task. Similarly,
the fact that stimulus B provoked the largest number of fixations may have been caused
by the lack of a new item, some participant may have continued looking for a less visible
addition when actually there was none.

Fixation duration is usually regarded an important indicator of visual engagement
(Nuthmann and Henderson 2010). Since little difference was recorded for this parameter,
it may be assumed that the difficulty of the task was similar for all stimuli. The number
of fixations recorded within the background or even off-screen is also another parameter
that may be indicative of cognitive involvement. Some observers stopped looking at the
column after completing the task which could be a sign of boredom. The analysis of AOI
BLACK indicates that viewers were more or less equally drawn to the background, no
matter which stimulus they were exposed to. The participants looking at examples A, B,
and C performed a similar number of fixations in AOI BLACK (ANOVA F(2,198) = 0.89,
p = 0.62). Total visit duration (TVD) for AOI BLACK was also not diverse (Figure 7).
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The analysis of the way participants looked at AOI NEW clearly shows that the
viewers looked at this part for the longest time when the cavity was left empty (Figure 7).
If the entire time spent displaying a single stimuli is 10 s, an increase in the amount of
TVD at a given area by 1.5 s should be considered significant. However, contrary to what
the authors had anticipated, such a substantial change did not result in a decreased TVD
for the AOI TOP. That means that the column’s capital remained virtually as engaging in
stimulus B as in the other two stimuli.

When viewing the empty cavity, the viewers made an average of 6.51 fixations, while
only 2.36 fixations were recorded on average for the AOI with lighter cavity filling. It
should be noted that 6.51 fixations represent almost half of what the viewers devoted to
looking at the capital (AIO TOP). The area comparisons of AOI TOP (~56 cm2) and AOI
NEW (~21 cm2) additionally emphasize this difference, showing how visually attractive
the empty cavity proved to be for the participants.

The results of the final questionnaire show that the other parts of the column than those
within AOI TOP and AOI NEW were similarly perceived by people exposed to stimuli A
and C (Table 4). The empty cavity in stimulus B seems to have increased uncertainty among
the participants. Around 25% of the volunteers were adversely affected by the cavity in
variant B, which impacted their sense of what the most important part of the column is.
Despite there being only one cavity, its size, shape, and location significantly altered the
way non-professionals perceived this historical artifact.

The answers given by the volunteers in the questionnaire could suggest that the capital
placed on a column with a large cavity would receive less visual attention than the one
located on top the other two columns. However, the participants exposed to all three
stimuli usually looked at the capital from 3 to 4 times (Table 3). The duration of time spent
examining the capital and the number of fixations within this area remained virtually intact.
The only noticeable difference could be seen in how quickly the participants paid attention
to the capital. Graph 4 shows the average time after which the volunteers looked at the
AOI TOP and AOI NEW fields for the first time. The participants exposed to variant B with
an empty cavity on average took the longest to look at the capital. Moreover, the cavity in
stimulus B attracted attention faster than the lighter filling in C. The graph clearly indicates
that for people who saw stimulus B, there was a change in the order in which the parts
of the column are noticed. The participants looking at column B usually first noticed the
cavity and only then the capital, unlike the participants familiarizing themselves with the
appearance of stimuli A and C, where the capital proved more important (Figure 8).
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In our opinion, this alteration in the order of viewing was caused by significant
irregularities. According to Gestalt theory, sight acts as a detector sensitive to difference
(Gombrich 1984). Introduction of asymmetry in an otherwise symmetrical object proved
more interesting than changing the luminance of the filling.

It appears that a successful anastylosis would be one that chooses a form that catches
the eye and facilitates cognitive engagement in the viewers without drawing attention
away from the original aesthetic dominant of the monument. This study demonstrates
that adding new elements during the reassembly is more preferable than leaving an empty
cavity. This is important because it tells an expert who wants to preserve the authenticity of
historical buildings that leaving an empty cavity does not have to hinder the reception of
the monument in its entirety. A case in which using a visibly different filling would make
sense is perhaps when the designer wants to emphasize the contrast between the original
elements and the damages caused as a result of some tragic incident, such as a terrorist
attack (Jaramillo-Contreras 2012, p. 23), but this needs to be a consciously made decision
aiming at a very specific effect.

The implementation of too bright additions, which are negatively evaluated by some
experts (Bold and Pickard 2013, pp. 105–28) or decision to leave damages without an
intervention constitute other aspects that should be taken into consideration while planning
an anastylosis. Focus on emphasizing authenticity may cause that a monument subjected
to an anastylosis will be perceived as a different object. Clearly, if one damage has this
significant impact on the sense of sight, what will happen when many cavities appear?
Conservators need to know that the aspect of perceiving traces of destruction (on any
historical object they are taking care: mosaics, frescoes, statuary complexes, buildings . . . )
may easily dominate the entire cognitive process. The restoration principle that claims that
the intervention should not distract from the appreciation of the aesthetic quality of the
artefact, but lack of intervention can do the same. A lack of intervention can be harmful
both aesthetically and socially, making it more difficult for people to connect with their
heritage. Furthermore, the lack of addition may represent a technological problem not
extensively discussed in the article. A cavity may hinder the stabilization of an object.
Perhaps such a change corresponds to the needs of monuments reassembled after terrorist
attacks, where intangible value of an object can be evoked by traces of destruction.
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6.2. General Remarks

The authors are aware that all the choices they made while preparing the stimuli-the
abstract background, the selection of the frame, the lighting of the object, and the choice
of the research tool influenced their findings (Foulsham et al. 2011; Gulhan et al. 2021;
van Herpen et al. 2016). However, the fact that all these settings remained the same for
stimuli A, B, and C made the comparison possible. It was obviously assumed that fields
that generate interest in 2D generate similar or even greater interest in the same objects
presented in 3D (Rusnak 2022). Consequently, in a real situation, the values observed for
example B would be slightly mitigated. This is due to the lack of image framing and the
ability to perform head movements (Haskins et al. 2020). However, the singularity of this
element would be more eye-catching than the filling presented in example A.

Having analyzed all the data, the authors agreed that it is possible that due to the
particular cavity visible in stimulus B, the entire object in this image may have appeared
unstable to observers. At the time the experiment’s methodology was being developed,
this option had not been considered. It is possible that a more consistent outline of the
object and an illumination coming from the opposite direction could lower the severity of
the recorded deviations.

A mobile eye-tracker, in combination with real objects, could be used to conduct
further tests. Such experiments may be difficult to conduct for a variety of reasons, and, just
like the tests presented in this paper, may also raise numerous methodological issues. First
of all, examining a real re-assembled monument and making additions to it could cause
physical damage. The research would then have to be based on a copy of the object, which
would be extremely expensive and resource-consuming. A study of this nature could be
carried out within a museum, but should one desire to carry out such an experiment at an
archaeological site, it would inevitably result in multiple complications. These challenges
include changes in weather conditions (different intensities of light, changes in the color of
the sky), people walking near the viewed object, and the inability to control the surrounding
noise. Such tests, requiring considerable effort and time, would have to be conducted on
a large sample to avoid the effects of so many variables affecting the results. That is
why an eye tracker combined with VR may prove a more effective and realistic solution.
However, this study shows that prior to preparing the spherical stimuli, several aspects
of the eye-tracking tests conducted in VR environments must be dealt with, as there are
some limitations, such as neck fatigue or dizziness caused by motion sickness (Mcgill et al.
2020; Mon-Williams et al. 1998). Moreover, one needs to bear in mind that even the best VR
test, characterized by a high level of immersion, is not the same as reality. Several aspects
need to be considered, including the fidelity of the presentation, e.g., the color (Gaiani et al.
2017), which has not been addressed in the current research (Zhang et al. 2019).

The research procedure applied in this study, did not allow a recording and an in-
depth analysis of the participants’ feelings. In the future, it may prove beneficial to identify
the volunteers’ emotions through recording their facial expressions (Filali et al. 2022).

7. Conclusions

As indicated in the introduction, the experiment focused on an extremely narrow
section of the broad issue of anastylosis. A study of this type can only provide relatively
general conclusions. We hope, however, that the doubts and problems described along the
course of the experiment itself, combined with the acquired knowledge, will facilitate the
development of further eye-tracking experiments concerning cultural heritage. Eye trackers
are tools that show exceptional potential, if used properly by planners, archaeologists,
conservators, architects, and museum curators.

They can bridge the gap between the virtual and the real, between hypothesis and
actual physical measures. It appears that science would only benefit from an increased
number and frequency of eye-tracking tests used for both case studies and verification
of established scientific theories. To confront one’s expert views and assumptions with
the reactions of non-professionals requires courage and modesty, but at the same time
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yields incredible, otherwise inaccessible results. Experts do not need to be able to predict
the reaction of ordinary observers (Rusnak 2021a), but they should be ready and open to
accepting and using the conclusions resulting from public consultations and lay people’s
participation in decision-making processes concerning various heritage issues (Parowicz
2019). It seems that only then can a real pro-social and sustainable care of heritage that the
ICOMOS Ename Charter (ICOMOS 2008) and Burros Charter (ICOMOS 2013) postulate
become a reality.
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