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Geometric Analysis of the Constitutive Principles of Arch-net and the Possibility of Spatial Representation through Reconstruction

1. INTRODUCTION

This study aims to create a new type of
spaces of arch-net as the embodiment of the
modern world by reinterpretation of arch-net,
an important compositive element in Islamic
architecture, in contemporary reflections. The
mechanism of arch-net is a reflection of the
religion realization of the world. The reinterpre-
tation is based on the gap between the religion
and contemporary realization of the world.

In terms of religion realization, the dome
constructed by arch-net can be claimed as a
representation of prefect world created by God.

In terms of the contemporary image of the
world, new shapes of arch-net are created while
basing on an Islamic worldview. In this study,
the reinterpretation of arch-net is based on im-

perfections, diversity, and fluidity of the world.

2. THE GEOMETRICAL DEFINITION OF

HISTORICAL ARCH-NET
This chapter focuses on defining arch-net

geometrically.

The Karbandi of Haj-Mohammad-Qoli Tim-
che, with the most diversity of components, is
used to explain the geometrical expression of
historical arch-net.

The circle of the void area at the apex of the
dome, a representation of heaven, serves as a
condition and reference on design the shape of
the room. In this study, based on the important
role of void area in terms of aspects of religion
and shape, a definition is introduced.

1. The outline of the plan of arch-net is based
on a closed circle with a radius “R”.

2. Set a smaller concentric circle inside the out-
line circle, with a radius “r”.

3. Set a vertex “a” on the outline of circle R and
create a tangent line of circle r from point

“a” and intersect circle R at point “b”. Line
ab with length “I” is formed as an arch-repre-
senting line.

4. Rotate and copy line ab around the centre of
the circle “n-1” times by angle from 27/n to
27/n(n-1) to create all arch-representing lines.

5. Given that value “k” is the number of inter-
vals each arch transvers, adjust the radius “r”
of the circle inside, to let each one of the two
vertices of each arch-representing line be one
vertex of another arch-representing, follow
the formula:
r=sin((z/n(n/2-k))R,keN,ke[2,n/2-1]
Therefore, the length of the arch-representing
line ab “1” will be:
[=2sin(kz/n)R,keN,ke[2,n/2-1]

3. THE GENERATION OF ARCH-NET AND
ITS NEW SHAPES IN 3D BY CREATING A
PROGRAM

This chapter is to introduce the program to
generate arch-net based on the three charac-
ters, imperfections, diversity, and fluidity of the
world.

TYPE 1:

To imply imperfection of the world, the
first condition of a perfect world, a plan with
a shape of a circle representing eternity is re-
placed by a plan whose shape can be deter-
mined artificially. It can be observed that a high
degree of deformation of the outline is neces-

sary to distort the sense of circular dome.

TYPE 2:

To imply imperfection of the world, substi-
tution of the directionality towards the heaven
is concerned to reinterpret arch-net. It can be
noticed that the nonvertical axis shows a de-
terminative impact to the whole shape. With
only the inclined axis, the centrality is highly
distorted.

TYPE 3:

Based on the monotheistic worldview, the
orientation towards a single centre is considered
to be an expression of the uniqueness of God as
the centre of the world.

To imply imperfection of the world, it can be
concerned that there is more than one centre of
the world. The centrality and the completeness
disappear due to this operation.

TYPE 4:

To create a complex with fluidity, an arch-
net that can connect to other spaces needs to be
created. Referring to the pendentive, the shape
of the arch was given to the outline of the plan.
It can be observed that it cannot be recognized
as a dome since the sudden change of ratio of
curve shown like a turning point. Since arch
is used to form the outline of it, a pendentive

character can be observed.

4. THE COMPLEX OF ARCH-NET

To construct the indication of diversity of
worlds where we are living nowadays, an indi-
vidual arch-net is considered as a unit to com-
pose a complex. Given the complex of arch-nets
is an idea that has not seen in historical exam-
ple, a method to generate the masterplan of
it is needed. When domes are combined, this
study focuses on the Voronoi division, the rules

of shape of the aggregation of spherical objects.

It is known as the geometrical definition of the
spherical, irregularly shaped shapes produced
when cells or bubbles are assembled. It is used
as the order that connects and integrates the
multiple domes created in Chapter 3.

It can be noticed that the sense of a com-
plex is not so strong. Different types of domes
assembled, but they seem to lack a sense of
linking each other. The problem can be solved
by changing the outline of each dome to arches
like type 4. However, it will reduce the charac-
ter of each dome. The reason is a 2D Voronoi
plan only gives connections in one plane.

Therefore, creating connections between each
other while keeping the characters of domes be-
come a key mission. A 3D Voronoi division can

be considered as a solution of it.

5. CONCLUSION

As an important architecture phenome-
non of Islamic architecture, the arch-net has
both structural and aesthetics functions. It has
been developed with the influence of different
religions and cultures. At the same time, the
common philosophy shared by different reli-
gions can be observed in arch-net, which shows
people’s realization of the world at that time.
Meanwhile, the limitation of interpretation of
the world shows in arch-net and new shapes
and space can be expected by substituting the
religious realization of the world to a contem-
porary image of the world.

By defining the generation of arch-net geo-
metrically, the importance of void area at the
apex has been recognized. Substitute the meth-
od of generation on definition 1 which is based
on the division of length of the circular plan to
the rotation and repetition of tangent lines by
certain angle, a new alternative method of gen-
erating arch-net, definition 2 has been found.
What is more, the existence of incomplete arch,
half-arch, has been recognized in precedent
study and by modelling.

Based on the discussion of realization of the
world and the definition of generation of arch-
net, programs to generate new shapes of arch-
nets have been created. However, when comes
to complex of multiple arch-nets, 2D Voronoi
division shows a limitation on combining dif-
ferent types of domes. 3D Voronoi is consid-
ered as a method to archive a better complex
and it becomes the further task of this study.
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fig.1 Mihrab dome, Mosque—Cathedral of Cérdoba
Manuel de Corselas, 12 May 2011

fig.2 A circular plan of arch-net
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fig.3 Direction to the sky

fig.4 Single void area apex

fig.5 A model of Karbandi, Persian arch-net

Academic Papers

38 | 39

fig.5-1, 5-2, 5-3 Type 1 a noncircular outline of plan

fig.6-1, 6-2, 6-3 Type 2 a inclined axis

fig.7-1, 7-2, 7-3 Type 3 multiple void areas

fig.9-1, 9-2 Complex of arch-nets by 2D Voronoi diagram
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How do people perceive the temperature of color? Subjective feelings of temperature change based on cross-modal association

1. INTRODUCTION

The cross-modal association is a specific
connection experienced between stimuli, attri-
butes, or perceptual dimensions. Applying this
intriguing association to induce humans’ haptic
illusion is an attempt that has gained more and
more attention, especially in virtual reality, to
create an immersive virtual environment. How-
ever, conventional color-temperature crossmod-
al associations focus on the “hue-heat” hypoth-
esis while overlooking associations between
saturation and brightness with temperature.
Also, most results came from subjective assess-
ments, potentially leading to inconsistent con-
clusions. To address these issues, experiment 1
was conducted using psychophysical and phys-
iological measures to assess color-temperature
crossmodal association objectively. Additional-
ly, although many studies have proposed ways
to provide haptic simulation through visual
stimuli, inducing thermal properties is still a
missing area. Hence, experiment 2 was con-
ducted in virtual reality utilizing the findings of
experiment 1 to investigate people’s subjective

temperature perception.

2. |AT EXPERIMENT

Experiment 1 aims to investigate crossmod-
al associations between hue, saturation, and
brightness with temperature using a psycho-
physical method (implicit association test,
IAT), which can quantitatively assess implicit
subjective bias, to examine the associations be-
tween stimuli. Event-related potentials (ERPs)
are measured simultaneously to explore at
which level of cognitive processing crossmodal
effects occur during IAT tasks. Components of
interest are N1, N2, and N400.

Participants were recruited from the Uni-
versity of Tsukuba. 22 students participated in
this experiment, comprising 11 males and 11 fe-
males. The experiment used two types of stimu-
li: color patches and words. The words included
those representing higher temperatures, such
as “warm” and “hot,” as well as words repre-
senting lower temperatures, such as “cool” and
“cold.” For the color-patch stimuli, the basic
color patches included red, orange, blue, and
green, which were used in the hue and tempera-
ture IAT paradigms.

The behavioral results show significant cross-
modal associations between hue and tempera-
ture and between saturation and temperature.
For hue-temperature associations, the ERP

results showed that compatible tasks elicited

larger N1 and smaller N2. The larger N1 am-
plitude suggests an unconscious allocation of
attention simultaneously promotes the response
to target stimuli. The larger N2 amplitude sug-
gests a perceptual conflict between associations
such as “red-cold, blue-warm.” The association
between long-wavelength colors and warmth

is dominant in general cognition. For satura-
tion-temperature associations, incompatible
tasks elicited larger N2 and N400. The larger
N2 amplitude indicates that the association
between “high saturation-warm, low satu-
ration-cold” is more consistent with general
cognition. The larger N400 amplitude suggests
that the cross-modal association between satu-
ration and temperature is influenced, at least to

some extent, by semantic relatedness.

3. VR EXPERIMENT

Based on the results of Experiment 1, Exper-
iment 2 investigates the effect of changes in a
single dimension on people’s subjective tem-
perature perception, that is, whether changes in
saturation or brightness can induce changes in
perceived temperature. Testing the reliability in
virtual reality can help designers and develop-
ers use color more accurately and effectively to
guide specific mental processes, thereby creating
more comfortable designs and providing a more
enjoyable experience.

Thirty-five participants (25.23 + 3.27) be-
tween 20 and 30 were recruited, including 17
males and 18 females. The virtual reality scene
used for this experiment was built in Unity.
Stimuli included a cup with the same skin color
as the virtual hand, a set of red cups, and a set
of blue cups. The VR experiment combines two
tasks. The first task was to evaluate subjective
temperature. The second task was to evaluate
the temperature variation when the saturation
changed.

The results of subjective temperature per-
ception for different saturation showed that
for red, subjective temperature perceptions
increased with increasing saturation. For blue,
however, participants’ perceptions of tempera-
ture did not show a consistent increase as satu-
ration increased.

A significant interaction between hue, di-
rection of saturation change, and saturation
difference was found by 2(hue: red, blue) x
2(direction: upward, downward) x 3(saturation
difference: 30, 60, 90) ANOVA. Therefore, the
interactions of hue and direction, hue and sat-

uration difference, and direction and saturation

difference are analyzed separately. The results
found that saturation changes in both red and
blue lead to subjective temperature variations.
Red is more effective than blue as visual cues

to indicate temperature variations. Increased
saturation difference leads to larger temperature
variation perceptions. Subjective temperature
variations are larger when saturation changes
upward. Overall, the effect of red is undoubted.
For blue, however, we still need more research
to figure out the relationship between the di-
rection of saturation change and temperature

variation.

4. CONCLUSION

In conclusion, this study combines psy-
chophysical methods and ERPs to support
cross-modal associations between hue, satu-
ration, and temperature at the behavioral and
neural levels, as well as the role of semantic
mediators in saturation-temperature associa-
tions. In addition, it was found that the sub-
jective temperature perception of an object can
be influenced by changes in saturation, causing
subjective temperature variation perception.
This temperature perception can be affected by
hue, saturation differences, and the direction
of saturation change. The findings of this study
can help designers use and adjust color more
effectively, especially when it comes to utiliz-
ing the cross-modal association between color
and temperature. In practice, color is not only
a visual element but also an emotional and
perceptual medium, and by adjusting the sat-
uration of colors, designers can guide viewers
to experience temperatures visually and even

perceptually.
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Differences in Strategies for Using Subway Map’s Visual Elements between Japanese and Foreign Users Revealed by Eye-Tracking

Korakuen Sta

Morishita Sta

Figure 1. Experiment setup demonstration.

Sign A« International Group Heat Map
Route: Korakuen Station - Morishita Station

Sign B « International Group Heat Map
Route: Oshiage Station - Toranomon Station

Sign C« International Group Heat Map
Route: Higashi-Shinjuku Station - Kita-senju Station

Departure station: Departure station: Departure station:

Kogkuen Sta.

(IS

Arrival station:

0.9
Arrival station:

Aival station:

Morishita Sta o Sta

Sign B « Japanese Group Heat Map
Route: Korakuen Station - Morishita Station

Sign A« Japanese Group Heat Map
Route: Korakuen Station - Morishita Station

Sign C « Japanese Group Heat Map
Route: Higashi-Shinjuku Station - Kita-senju Station

Departure station: Departure stion: Departure station:

Kogikuh Sta.  iage Sta.

@ 0

Aival station Arrival st Arival station:

Marishita Sta ToraaéibnSta

Figure 2. Heat maps results comparison for Japanese and International groups. Differences in visual behvaior can be observed on maps while looking for routes.
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INTRODUCTION

Information design for public transportation
can present challenges to remain easy to read
when information is abundant and the audi-
ence is diverse. In Japan, despite its long history
using public transportation, particularly trains,
there is no exception. As the complexity of train
networks has grown and the world has become
globalized, so has the amount of information
displayed in apps and train stations, making it
difficult to read to varied groups of users, in-
cluding visitors.

This study examines the case of Tokyo Met-
ro’s visual system, to analyze existing signage
elements and explore possible improvements to
reduce gaps in information readability. Previous
research on this area indicates that foreigners
may rely on numbers for orientation, unlike
Japanese (Kobayashi et al., 2013). Another
study finds both foreigners and Japanese prefer
detailed maps although it may be due to poten-
tially different reasons (Kobayashi et al., 2014).
Additionally, research on navigation errors
suggests that numbers can be forgettable, which
would contrast with Tokyo Metro’s use of al-
pha-numeric combinations in signs and maps
(Owens & Brewster, 2011).

PROBLEM DEFINITION

Tokyo Metro visual system is based on text
(Kanji, English, and other languages), color,
and alpha-numeric combinations. Signs in this
visual system rely heavily on text in multiple
languages, causing clutter and readability chal-
lenges. This study aims to explore the simpli-
fication of signage design by reducing text de-
pendency while retaining essential information
for people of diverse backgrounds.

The aims include identifying key design ele-
ments for effective navigation, exploring behav-
ioral differences between Japanese and non-Jap-
anese users, and determining visual elements
people seek in signage without text. Hypotheses
propose that color and alphanumeric combina-
tions are effective for navigation without text,
behavioral differences exist between Japanese
and non-Japanese users, and people primarily

rely on color for navigation.

METHODS

An eye-tracking experiment was conducted
with 26 participants (11 Japanese, 15 Foreign
participants). Three sets of signs were created
using a different combination of visual ele-

ments: Sign A (text+symbols), Sign B (text

only) and Sign C (symbols only). The term
“symbol” refers to the combination of color
and alpha-numeric characters. Participants were
asked to complete navigation tasks while wear-
ing eye-tracking glasses. A layout was provid-
ed containing an arrival and departure station
signs, and a map. For cach task, participants
needed to find a route between the stations us-
ing the visual information provided (Figure 1).
The task was repeated a total of three times,
one for each type of sign and a short comple-
mentary survey was conducted at the end of the

experiment.

RESULTS AND DISCUSSION

In the sign comparison analysis using
ANOVA, most metrics showed no significant
differences between Japanese and Internation-
al groups, except for Sign A, where a signifi-
cant difference was found (p=.36). For sign A,
Japanese participants required fewer fixations
and less time, suggesting potential differences
in visual information assimilation. Heat maps
revealed variations in visual behavior, with the
International group focusing on Departure and
Arrival points, while Japanese participants paid
attention to different points along the route
(Figure 2).

Opverall sign-to-sign comparisons indicated
that Sign C (symbols only) had a significantly
shorter average fixation time (below 300ms)
than signs A and B, suggesting symbols may
effectively communicate with less cognitive pro-
cessing compared to text-based signs (Mahana-
ma et al., 2022).

Complementary survey results showed a
discrepancy between participants’ perceived
usefulness of visual elements (Color and Letter/
Number Combinations) and their actual usage
during the experiment, where Color emerged as
the primary visual element for guidance.

The hypotheses related to Tokyo Metro sig-
nage were validated. Symbols with color and
alpha-numeric combinations proved to be effec-
tive communicators, and color was highlight-
ed as the most used element when navigating.
These findings were true for both Japanese and
Foreign users, which contrasts with the previ-
ous assumption that mainly Foreigners used
numbers for navigation (Kobayashi et al, 2013).
It was also observed that signs with less visual
elements were effective communicators for both
groups, which contrasts with previous reports
of both groups preferring more detailed infor-

mation in maps (Kobayashi et al., 2014). This
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difference could be explained by this study’s
quantitative nature in contrast to prior qualita-
tive approaches, suggesting a gap between stat-
ed preferences and actual information needs.
As for numbers forgettability mentioned by
Owens (2011), there was no clear relationship
of the impact of this factor for navigation in

this experiment.

CONCLUSION

Based on quantitative eye-tracking data
analysis and qualitative survey insights, I could
conclude that symbols incorporating color
and alpha-numeric combinations are the most
useful elements in the Tokyo Metro visual
system, for both international and Japanese
users. Also, while Japanese participants exhib-
it a faster processing of visual information,
simplified information does not disadvantage
any group. Particularly, results suggest that the
larger the information amount, the wider the
gaps in visual behavior between groups, and the
lessser the amount of information, the smaller
the gaps between groups. Additionally, findings
challenge the conventional notion that text is a
mandatory requirement for effective navigation
signage, highlighting opportunities to reduce
language use in signs.

Overall, these results provide valuable feed-
back on visual behavior, offering guidance for
visual information design for transportation in
a globalized society, and could be used to po-
tentially improve travel experiences for people

of different backgrounds and contexts.
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Quantitative Evaluation of the Anxiety-Reducing Effects of Hospital Art using Electroencephalography

INTRODUCTION

Arts in the hospital has gradually become more
popular in the UK since the 1970s, and many
examples have been introduced in Japan since
then [1, 2]. Arts in the hospital has been report-
ed to have medical and economic effects such as
reducing drug consumption and shortening hos-
pital stays (British Medical Association, 2011).

To understand the complexity of patients’
feelings within the hospital, it is necessary to
evaluate it, commonly questionnaires are made
but they are subjective assessments of an indi-
vidual's actions and emotions, reliant on intro-
spection and recollection; up to 75% of adult
misreports pose a significant challenge in the use
of self-reports [3]. While self-report question-
naires are commonly used as baseline metrics,
their combination with other quantitative mea-
sures of presence, such as EEG, would enhance

existing measures [4]. This study uses a quanti-

tative approach using an EEG portable device

to evaluate the anxiety-reducing effects of arts in
waiting rooms and to provide insights into how
the design and functionality of waiting areas can

be optimized to enhance patients’ well-being.

METHODS

The study consisted of a Preliminary Study
and an Exploratory Study. The Preliminary
Study validated the sceneries stimuli positivi-
ty in the sceneries of 17 images obtained from
Tsukuba Medical Center Hospital’s wait-
ing rooms through a Positive Affective Score
(PANAS) evaluation scale. On the other side,
validation of the questions from the hospital’s
form before medical intervention was divided
into non-concerning and anxious questions.
The Exploratory Study used objective emotion-
al responses with an EEG portable device to

measure participants’ brainwave activity and

a
Original

b 3 2
Renovated A

C
Renovated B

Figure 1: Pictures a (Original) were provided by Tsukuba Medical Center Hospital.

Pictures b (Renovated A) and c (Renovated B) were taken by Nao Takahashi.

assess their anxiety levels while exposed to the
sceneries and questions stimuli (four non-con-
cerning and four anxious).

There were 18 students from the Universi-
ty of Tsukuba (10 males, 8 females), age range:
23-33. The participants were categorized into
each scenery stimuli group.

For the Sceneries Stimuli were selected 6
pictures of waiting rooms from the University
of Tsukuba Hospital and divided into Origi-
nal (Figure 1a), Renovated A (Figure 1b), and
Renovated B (Figure 1c). Each was presented in
pairs against a white background.

The experimental protocol involved a study
approved by the Institute of Art and Design,
University of Tsukuba, conducted over three
weeks in late fall with 18 participants. Partic-
ipants were seated comfortably, assessed for
stimulant intake, and rated for STAI using a
4-point Likert scale. Participants then viewed
a Brain-Computer Interface (BCI) on a screen
in a dark room (Figure 2-a). Data were col-
lected using a 14-channel wireless EEG Emo-
tiv Epoc X headset (Figure 2-b), following the
international 10~20 system. The study includ-
ed surveys, EEG preparation, an experiment
involving scenery and questions, and question-
naire completion, taking approximately 15-20
minutes. The sequence included calibration,
sceneries stimuli, and question stimuli, with in-
structions varying based on individual reading
speeds. The experiment involved imagining a
hospital scenario and responding to questions
while EEG data was recorded.

RESULT AND DISCUSSION

For the Analysis, it was made a subtraction of
Alpha and Beta brain waves to get the Relax-
ation Index [5] and then a Multivariate Anal-
ysis of Variance for the Anterior-Frontal (AF3,
AF4) electrodes, corresponding to the Emo-
tional area of the brain [6]. Subsequent analy-
ses, including M-ANOVA and Bonferroni post
hoc, assessed differences in the average band
power for sceneries stimuli, revealing significant
differences (p=*<0.05; **<0.001) in the Alpha/
Beta ratio (p=<.010, F(2)=4.781) among Orig-
inal, Renovated A, and Renovated B. However,
M-ANOVA for question stimuli did not yield
statistically significant differences (p= >0.05).
The STAI subjective test results indicated low
anxiety levels overall, except for Participant 15
who showed higher anxiety.

Renovated B had the most positive effect on
relaxation, in electrodes AF3 and AF4 followed

THE SYNOPSES OF MASTER’S THESES, MASTER’S PROGRAM IN DESIGN Academic Papers

by the Original room, while Renovated A
showed the least positive effect (Figure 3).
Additionally, it could be seen differences were
not statistically enough in the selected elec-
trodes. This meant that questions were con-
sidered similarly easy to answer, without any
strong stress during the whole experiment. On
the other side, the STAI, only Participant 15
was considered to have a higher score of anxiety.
Comparing all participants’ results in the EEG
and self-assessment reflected a relaxed state.
There were no significant differences among
the three scenery groups in the STAI before the
experiment, so STAI didn’t affect the experi-

ment results.

CONCLUSION
Our preliminary results suggested that por-
table EEG can be a useful device to evaluate

relaxation effects by art in the hospital quantita-

Figure 2: (a) BCI room set-up, (b) EEG Portable Device

tively and objectively. Considering the experi-
mental setting with only images we got results

on the alpha/beta ratio and in the future, we're

trying to find the effect on real hospital settings.

Regarding the questions stimuli, they were
just perceived as “less easy” or “easier” to an-
swer, participants didn’t see them as negative
or unsettling. It could be assumed that partic-
ipants generally maintained a state of calm/re-

laxation rather than a stressful state in the EEG

and compared it with their subjective responses.
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Figure 3: Alpha/beta ratio of AF3 and AF4 electrodes
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