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Introduction

The protection of historic cities involves actions neces-
sary to secure, conserve and restore them and to ensure 
their harmonious development and adaptation to the 
needs of contemporary life.1 UNESCO and ICOMOS 
documents concerning the protection of such cities de-
fine the principles, objectives, methods and means of 
action appropriate to conserving the character of his-
toric cities and that are beneficial to the harmony of life 
of individuals and communities. These recommenda-
tions indicate, among other things, the proper actions 
to be taken when introducing contemporary elements 
into existing historical development. All supplementa-

tions of this development should be introduced while 
maintaining the spatial layout and scale of existing de-
velopment as mandated by the character and value of 
the complex. The introduction of contemporary ele-
ments can contribute to enriching a given complex 
under the condition that they will not adversely affect 
the harmonious entirety of its development. Histori-
cal zone management guidelines indicate the impor-
tance of, among other things, proper communication 
between the designers of contemporary buildings with 
society and the enhancement of society’s knowledge 
about the past of historic cities.2 Exploring the as-
sessment and visual perception of the designs of con-
temporary architecture and its later materialization in 
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a historic landscape is critical due to the necessity to 
ensure the harmony of individuals and communities 
in compliance with global policy guidelines concerning 
the conservation of historic cities and a new, holistic 
paradigm of their development. 

Many contemporary architectural projects that 
supplement development in a historic landscape are 
considered to be successful and to harmoniously blend 
into the extant cultural context by experts, i.e. archi-
tects.3 Examples of this include contemporary works 
of architecture in German cities like Dresden and  
Bremen.4 However, there are no scientific reports on 
the perception and assessment of these buildings by in-
dividuals and communities.

The authors carried out this empirical study to 
determine the scope and manner of the perception 
of contemporary works of architecture located in the 
German historic cities in question, as well as to learn 
how persons who are not architectural professionals 
rate such buildings and the degree to which they accept 
them. 

An analysis of the current state of research into the 
possibilities of applying eye-tracking in studies of ar-
chitecture and the results of the authors own experi-
ments allowed the performance of eye-tracking studies 
to try to solve the research problem under study.

The application potential of eye tracking in assess-
ing visual perception of the environment of the viewer 
has been indicated by increasingly frequent experi-
mental studies whose scope likewise keeps increasing. 
These studies discussed visual perception of works of 
architecture, landscape architecture and public spaces 
in cities, including historical cities.5

Depending on individual research goals, the liter-
ature demonstrated the utility of both the application 
of eye tracking using stationary and mobile devices by 
itself and its application in combination with research 
tools from other methods. Studies concerning visual 
perception should be performed in a comprehensive 
manner, utilizing tools and research methods from the 
social sciences (sociology, cognitive psychology, man-
agement) and medicine (electroencephalography test-
ing—EEG).6 

Such studies allow researchers to explore not only 
the visual perception of works of architecture and their 
surroundings from the perspective of objective numer-
ical data, but also to note the emotions of test subjects 
and assess their level of awareness in terms of knowl-
edge and attitudes.

The primary reason behind using the oculograph-
ic method is that it allows the objective study of the 
perceptive activity of subjects. Visual perception and 
eye-tracking are fundamentally linked. Visual per-
ception, as a multi-stage cognitive process, consists in 
reflecting objects, phenomena and processes that take 
place due to the impact of specific stimuli on the eye. 
The process of perception begins with noticing the 
stimulus that conditions an understanding of what has 
been perceived and the implementation of information 

received in one’s system of knowledge and values and, 
in effect, remembering it. Perception depends on the 
type of elements in an exposition and the individual 
characteristics of the viewer, primarily the degree of 
their knowledge about the subject of the exposition.7 

A typical eye tracking measurement is based on re-
cording two types of information:
—	 Fixations, i.e. points where the subjects affix their 

gaze. Visual information is collected during a fixa-
tion. The area where a person affixes their gaze al-
lows us to determine what that person has noticed.

—	 Saccades, i.e. eye movements that relocate one’s 
gaze from one point to another (between fixation 
points). During a saccade movement (20–40 milli-
seconds), the brain does not receive any visual in-
formation.
The most often used forms of the graphical pres-

entation of data obtained during eye-tracking studies 
are: heat maps, gaze plots and area of interest analyses.8

Materials and methods 

The research material was comprised of visualizations 
of three contemporary works of architecture built 
in the historic landscape of two cities: Dresden and 
Bremen. The selection of examples of contemporary 
buildings located in the vicinity of historic monu-
ments accounted for projects designed by outstanding, 
world-famous architects, and which are acknowledged 
in the architectural community to blend well with the 
historic landscape.

The first view investigated in this study displays a 
fragment of the cultural landscape of the old town of 
Dresden, as seen from the south, from the side of a 
small square located at the intersection of Taschenberg 
and Schloßstraße. The view is comprised of fragments 
of two buildings. To the left is the residence of the 
dukes of Saxony, while to the right is a contemporary 
hotel building.

The residence of the dukes of Saxony is one of 
the city’s oldest monuments. The complex was built 
around 1200. It was built in the Romanesque style, 
which was prevalent at the time. Around 1400, the cas-
tle was remodeled and extended by margrave Wilhelm 
dem Einäugigen.9 Another remodeling project was car-
ried out between 1468 and 1480, when the residence 
took on the form of a four-winged enclosed complex.10 
The remodeling and extension projects that followed 
it were carried out in the spirit of Renaissance and Ba-
roque art.11 The modernization project dated to the 
middle of the sixteenth century was of particular sig-
nificance, as it was then that the castle courtyard was 
doubled in size and additional decoration was added 
to the facade in the in the form of sgraffito, made by 
Italian artists. It was then that the residence became 
the most accomplished example of the Saxon Renais-
sance. Additional construction work was performed 
on the complex in the seventeenth century, under the 
influence of the Baroque style. Another renovation of 
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the castle was performed in the years 1889–1901. It 
was a general renovation and the residence was given 
a Renaissance Revival expression. The building was 
damaged during Allied bombing raids in 1945. After 
the war, a reconstruction effort was initiated and lasted 
until 2004, when the castle was made available to visi-
tors. The reconstruction was modeled on the original 
building, which is why its form and detail have a his-
torical expression. Despite the residence being open to 
visitors, restoration and adaptation work is still being 
carried out. At present, the complex is used as a muse-
um and an arts gallery.

One of the wings of the residence can be seen on 
the left side of the view in question. It has the expres-
sion of historicist architecture. The corner tower is 
made of dark stone, while the facades, both from the 
side of Taschenberg and Schloßstraße, are brighter 
(light beige in color), with darker stone cladding on the 
ground floor.

On the right side of the view we can see a frag-
ment of a hotel building located at the intersection of 
Schloßstraße and Sporergasse. The building is an exam-
ple of contemporary architecture that fits well with its 
historical surroundings. Its size references the histori-
cal buildings that previously stood at the site. The de-
sign of the building’s facade was selected in 2012 via an 
architectural competition which was won by Schubert 
+ Horst Architekten. The building is both elegant and 
modest. According to its architects, it was possible to 

produce an impression of supplementing the extant 
cultural landscape without competing with the his-
torical residence of the dukes of Saxony. The design 
employed high-quality construction materials. The 
ground floor is bright in terms of color. Golden finish-
ing elements on the building’s windows are a decora-
tive element. The simple oriels located on its roof are 
likewise interesting (Fig.1).12

The second view that was studied depicts a frag-
ment of the cultural landscape of the old town of  
Bremen, as seen from the south, from the side of Am 
Brill Street. It is comprised of two buildings, one of 
which is historic and one is contemporary. Both are 
service buildings of Sparkasse Bremen, a savings bank.

The historic building seen on the photograph is a frag-
ment of a larger structure located along Bürgermeister- 
Smidt-Straße. Sparkasse Bremen was ultimately 
founded in 1825 on the initiative of Simon Hermann 
Nonnen, who was Bremen’s mayor at the time. Since 
then, the institution has seen dynamic development 
and in 1906 opened another branch at Am Brill Street. 
The building was designed by Berlin-based architect 
Wilhelm Martens, in the style of then-fashionable 
Historicism. Elements from the periods of the Ba-
roque, Renaissance and Secession can be found in the 
design.13 The building stands out through the elegant 
arrangement of its facade, which is well-preserved. It 
was finished using grey stone cladding. The building is 
topped by tall, patina-covered roofs.

Fig. 1. View of the buildings under study in Dresden (photograph 1); 2017, photo by: M. Krupa.
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The fragment of the historic building visible in the 
view under analysis includes, apart from the facade along 
Am Brill Street, also a corner section which has a po-
lygonal plan, and which is a compositionally dominant 
element of the building. The frontal facade features an 
accentuated entrance via a rectangular, minimalist por-
tal, which displays the name of the institution.

There is a small square in front of the building, 
which was renovated in 2007. During the same year, 
a bronze sculpture entitled Affentor by sculptor Jörg 
Immendorff was placed on the square. The sculpture, 
which is 6.25 x 3.8 m x 2 m, has the shape of a gate 
formed by four figures resembling monkeys. The artist 
uses the monkey motif in his sculptures and paintings 
as a metaphor for self-mockery, clowns and the role of 
the artist in society.14

The historic Sparkasse building is abutted from the 
west by a newer building, which belongs to the same 
institution. It was built in 2001 by architects Harm 
Haslob and Peter Hartlich at the site of a part of the 
main building.15

Despite a very modern character, architects think 
the contemporary building has been harmoniously 
blended into the context of the place. Its facades are 
comprised of curtain walls and are completely glazed. 
Of note is the fact that, despite the contemporary build-
ing’s style being completely different, the divisions on 
its facade reference the composition of the historic 
building. Deciduous trees have been planted in front 

of the building and add a “soft” character to this space. 
It should also be noted that both buildings are of the 
same height and together form a cohesive fragment of 
Am Brill Street’s frontage (fig.2).

The study was performed on a purposive sample. 
The primary participant selection criterion was edu-
cation without a connection to architecture and no eye 
disorders. The sample comprised 100 volunteers of 
varying sex, aged 20–30, from several European coun-
tries, including Poland, who were mostly students of 
Krakow’s universities. The number of participants 
was sufficient from the point of view of methodolog-
ical assumptions16 as well as positively verified during 
earlier studies performed by the authors.17 Prior to 
the study, every participant was informed about the 
testing procedure, without disclosing the objective of 
the study, the manner of analyzing the gaze plot of 
the subject or the subject of questions. Withholding 
this information was deliberate so as not to suggest 
areas where the subjects could focus their attention. 
The study was performed using a stationary Tobii x2-
30 Compact eye tracker with proprietary software.18 
Prior to displaying the photographs on-screen to each 
subject, the eyetracker was calibrated to adapt it to 
every subject’s eyeballs. Every participant was shown 
20 slides. After a series of introductory slides with in-
formation about the study, each of the photographs 
was displayed for 10 seconds. Afterwards, as a part of 
a survey, the subjects were shown slides presenting 

Fig. 2. View of the buildings under study in Bremen (photograph 2); 2017, photo by: M. Krupa.
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a short text concerning the contemporary building 
and its historic surroundings, a request to identify 
the building that inspired the greatest interest on the 
photograph, followed by a question about whether 
the contemporary building was acceptable in the con-
text of being located near to a historic building and 
whether both buildings matched each other. The fi-
nal request given to the subjects asked them to iden-
tify the building they liked the most on the slide. It 
was essential to present the subjects with information 
about contemporary buildings and their historic land-
scape prior to the assessment of architecture, so that 
the message would be underscored as a result of per-
ception due to the supplied substantive knowledge.19

The eyeball movements of all subjects were record-
ed on a computer and processed using specialist soft-
ware so that various types of images of said movements 
could be generated.20 Due to the goal and subject of the 
study, the following sequence and scope of analysis was 
assumed for each photograph:
—	 definition of areas of interest and unclassified areas,
—	 generation of descriptive statistics measures, i.e. 

quantitative data for the areas defined,
—	 presentation of selected cumulative quantitative 

data in graphical form as heat maps,
—	 generation of data pertaining to answering the 

questions asked in the study.
For photograph 1, which displayed buildings in 

Dresden, 2 areas of interest were defined (1AOI1—
formed by the contemporary building; 1AOI2—
formed by the residence of the dukes of Saxony). Fur-
thermore, an unclassified area was also included (Not 
on 1AOI) due to the possibility of it featuring elements 
that could distract from areas important to the study, 
i.e. distractors (Fig. 3).

For photograph 2, which displayed the buildings 
in Bremen, 2 areas of interest were defined (2AOI1—
formed by the contemporary extension of a historic 
building; 2AOI2—the historic Sparkasse building). 
The unclassified area (Not on 2AOI) was formed by 

the street along the buildings with the sculpture in 
front of the entrance to the historic building, a street 
lamp and the greenery in front of the contemporary 
extension, which can distract viewers by attracting their 
attention (Fig. 4).21

The data, i.e. the parameters generated for each 
area, were:
—	 Time to first fixation (TTFF), which allows one to 

determine the time necessary to find a given area;
—	 Fixation count for all subjects (FC); it was assumed 

that a large number of fixations translates into 
greater interest in an area;

—	 Total fixation duration (TFD), i.e. the total fixation 
duration in an area for all viewers;

—	 Average fixation duration (FD);
—	 Visitor count (VRC), i.e. the number of persons 

who made at least 1 fixation relative to the total 
number of subjects—it was assumed that the great-
er the percentage of such persons, the greater the 
attractiveness of a given area to viewers;

—	 Average fixation per visitor (FC/VRC);
—	 Visit count (VC); it was assumed that the greater 

the visit count in a given area, the more interesting 
it appears to the viewer (it can present interesting or 
difficult content, hence it is revisited so as to facili-
tate understanding information);

—	 Average visit count per visitor (VC/VRC);
—	 Revisitor count (RC), i.e. the number of subjects 

who made at least 2 fixations relative to the num-
ber of study participants—it was assumed that the 
greater the percentage of revisitors, the greater the 
interest in an area;

—	 Revisitors in proportion to visitors (RC/VRC)—
it was assumed that the greater the percentage of 
revisitors in proportion to visitors, the greater the 
exploration of the area by viewers who became in-
terested in it.22

Heat maps were generated as fixation-count maps 
presenting the perception of the buildings by viewers 
as per fixation count distribution. 

Fig. 3. Identified areas of interest and the non-classified area for 
photograph 1, legend: 1AOI1—contemporary building, yellow; 
1AOI2—historical building, green; Not on 1AOI, grey.

Fig. 4. Identified areas of interest and the non-classified area 
for photograph 2, legend: 2AOI1—contemporary building, pink; 
2AOI1—historical building, green; Not on 2AOI, grey.
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Results

The parameters that characterize the process of the per-
ception of the outlined areas of interest and unclassified 
areas accounted for in the assessment of contemporary 
and historic architecture were presented in table 1.

Analysis of the generated numerical data concern-
ing contemporary buildings in the historic landscape of 
Dresden and Bremen showed that these projects did 
not attract as much attention as historic buildings. The 
contemporary building in Dresden, despite having a 
brightly colored facade with symmetrically placed win-
dows with golden finishes and a steep roof with red 
tiles and simple oriels, was not as interesting to viewers 
as the historic building. This was demonstrated by nu-
merical data such as: TTFF (a value seven times great-
er) and FC (a value around four times lower) for the 
contemporary building. Despite the darker color and 
stone texture of the facade, the historic building with a 
corner tower and a large number of historic elements 
was not only noticed by all viewers to a greater degree, 
but was also penetrated numerous times by almost 
all subjects (VRC, RC and RC/VRC). Similarly, the 
modern building abutting the main historic Sparkasse 
building in Bremen was noticed later and proved to be 
less interesting to viewers than the historic building. 
However, the differences in parameter values were not 

as significant as in the first case (TTFF—around three 
times greater, FC—two times lower). The contempo-
rary extension has a simple form with facade divisions 
that reference historic divisions and is fully glazed, thus 
causing its surface to form light reflexes which can rea-
sonably be considered to attract viewer attention. The 
historic building has a more elaborate architectural 
form with Baroque and Secession elements, a facade 
with numerous windows of varied size and shape and 
a tall, patina-covered roof. In Bremen, the unclassified 
area (Not on 2AOI) attracted a similar amount of inter-
est to the contemporary building (2AOI1), as proven 
by a VRC of 99/100. It can be assumed that the Affentor 
sculpture in front of the entrance to the historic build-
ing and the technical infrastructure and greenery, by 
attracting the attention of viewers, formed distractors 
from the point of view of the objective of this study. 
When analyzing the parameters describing the process 
of the perception of both contemporary buildings in 
their respective historic landscapes and, most impor-
tantly, the value of the attractiveness estimator (RC/
VRC for 2AOI1 = 95/99 and for 1AOI1 = 84/94), it 
can be concluded that the contemporary building in 
Bremen attracted more interest than its counterpart in 
Dresden. 

To identify the places and elements that attracted the 
attention of subjects on each photograph, count heat 

Table 1. Parameters that characterize the process of the perception of the outlined areas 
on photographs 1 and 2.
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maps were generated for all subjects, as presented in fig-
ures 5 and 6. Assuming an identical color scale, a diverse 
saturation of warm and cool colors was obtained on each 
photograph, indicating a different distribution of fixa-
tions performed in analogous areas of interest.

The heat map for photographs 1 do not show any 
“hotspots,” i.e. areas with a significantly greater focus of 
interest and showing a substantial increase in fixation 
counts. Photograph 1 displayed numerous yet small 
oval yellow areas with a green outline (around a dozen 
instances), primarily in 1AOI2. Furthermore, a con-
siderable amount of green areas with irregular shapes 
was observed across the entire photograph. The heap 
map for the buildings in Bremen had two hotspots in 
2AOI1. The first was a small brown spot that turned 
red and orange, with a yellow outline. It was located 
in the area of the facade with the inscription reading 
DIE SPARKASSE IN BREMEN. Furthermore, below 
this hotspot, in the area Not on 2AOI, there was an 
irregular orange area that denoted interest in the Af-
fentor sculpture in front of the entrance to the historic 
building. In addition, there were around 10 yellow and 
many more green areas, which did not allow the iden-
tification of areas of increased viewer interest. 

These studies enabled the authors to draw conclu-
sions about the perception of contemporary buildings 
in their historic landscape based solely on an analysis of 
the eye movements of test subjects. Expanded studies 
were intended to supplement this analysis to include 
the cognition and rating of these buildings by subjects. 
The collected ratings for the contemporary buildings 
built in the vicinity of historic buildings in the cities 
under analysis have been presented in table 2.

Contemporary buildings in Dresden and Bremen 
inspired considerably less interest among the re-
spondents than historic buildings. The building that 
was an extension of the Sparkasse in Bremen, built 

using curtain wall technology and fully glazed, at-
tracted the interest of more people (almost a quarter 
of the subjects) when compared to the hotel building 
in Dresden, which had a bright, simple and non-orna-
mental facade and was located opposite the residence 
of the dukes of Saxony. At the same time, their archi-
tecture was accepted in the context of their proximi-
ty to historic buildings and this placement was rated 
favorably. Despite the clearly accepted architecture 
of contemporary buildings (such indications were 
reported by over three-quarters of the respondents), 
they were given considerably lower ratings in com-
parison to historic buildings. It can be said that con-
temporary buildings built in the center of Dresden 
and Bremen, while appreciated by professionals in the 
context of their construction in a historic landscape, 
were accepted by the respondents, but did not inspire 
explicitly positive emotions.

Studies conducted in urban space where the struc-
tures under analysis are located, with the use of mobile 
equipment, can complement the presented study. Such 
studies allow for analyzing all the works of architecture 
and infrastructural elements seen from a given obser-
vation point or during movement while sightseeing. 
Such studies can supplement our analysis by showing 
the degree to which the attention of viewers who ob-
serve architecture is diverted by elements or figures 
that attract interest.

Conclusions 

The study found that the cases of contemporary archi-
tecture under study—that supplement the develop-
ment of the historic landscape of cities like Dresden 
and Bremen and are considered to be successful and 
to harmoniously blend into the extant cultural context 
by the architectural community—were not perceived 

Fig. 5. Heat map count for all subjects for photograph 1.
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and rated as such by the participants of this study, who 
were not design professionals. Historical architectural 
details from the periods of the Baroque, the Renais-
sance and the Secession proved to be significant per-
ceptive elements. In the case of contemporary building  
(Bremen), the perceptive elements primarily included 
light and shadow on glazed facades which reflect the 
shape of the building and can have a considerable im-
pact on the aesthetic of architectural form.23 Further-
more, the impact of elements like sculptures placed in 
front of a historic building’s entrance (Bremen), can 
affect the perception of architecture. The valuation of 
these projects by subjects was an appropriate and nec-
essary supplementation of visual perception analysis. 
Contemporary buildings in the context of their place-
ment in proximity to historic buildings in Dresden and 
Bremen were accepted by the respondents and they 
were seen as matching. In spite of this, the contem-
porary buildings attracted much less interest and were 

Fig. 6. Heat map count for all subjects for photograph 2.

not as liked as historic buildings. This confirms the jus-
tification for conducting eye-tracking studies in con-
junction with tools typical of the social sciences. Such 
studies should prove useful in managing historical city 
centers. Furthermore, the application potential of the 
proposed studies in the education of architectural per-
sonnel and the historical and architectural education of 
the public should likewise be noted. We also indicated 
the purposefulness of proper communication by de-
signers of contemporary development that is to sup-
plement the historical landscape with the public and 
engaging in measures intended to enhance the knowl-
edge of the past of historical cities among society—spe-
cifically in the management of historical zones.

Funding: The eye tracking research and publication 
was funded from a subsidy given to the Cracow Uni-
versity of Economics and the Cracow University of 
Technology.

Table 2. Ratings of contemporary buildings built in the vicinity of historical buildings as given by respondents.
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Streszczenie

W artykule omówiono postrzeganie i ocenę akceptacji 
współczesnych budynków usytuowanych w historycz-
nych krajobrazach niemieckich miast Drezna i Bremy; 
zagadnienie to jest ważne z punktu widzenia ochrony 
miast zabytkowych. Przedstawione w artykule badania 
wykonano metodą eyetracking. Oprócz nauk społecz-
nych i medycznych, metody okulograficzne znajdują 
zastosowanie w badaniach architektury i urbanistyki. 
Coraz częściej zwraca się uwagę na ich potencjał apli-
kacyjny. Badanie wykazało, że realizacje współczesnej 
architektury, uzupełniające zabudowę w badanym kra-
jobrazie historycznym i uważane przez środowisko 
architektoniczne za udane i harmonijnie wpisujące się 
w istniejący kontekst kulturowy, nie były tak samo po-
strzegane i oceniane przez respondentów niebędących 
profesjonalistami. Badani dostrzegali i wykazywali za-
interesowanie tylko niektórymi elementami budowli, 
głównie zabytkowych.

Abstract

The paper discusses the perception and acceptance rating 
of contemporary buildings sited in historic landscapes of 
the German cities of Dresden and Bremen, which are an 
important issue from the perspective of the conservation 
of historic cities. The study presented in the paper was 
performed using the eye tracking method. Apart from 
the social and medical sciences, oculographic methods 
are also entering use in the study of architecture and ur-
ban planning. The application potential of such studies 
is noted increasingly frequently. The study demonstrat-
ed that the cases of contemporary architecture that sup-
plement development in the historic landscape under 
study, and which the architectural community considers 
to be successful and to harmoniously blend in with the 
extant cultural context, were not perceived and rated as 
such by respondents who were not design professionals. 
The subjects noted and displayed interest only in some 
elements of buildings, primarily historic ones. 
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