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Abstract. Architecture Digital Platforms are capable of creating 
buildings that provide comfort that meets human thermal, acoustic 
and visual needs. However, some building technologies can choose 
the physical energy arena of the building on the expense of the 
mentioned aspects of human comfort. Nevertheless, aspects like 
emotional and psychological human comfort exist in limited studies 
practiced in interior design, or in active design of public spaces and 
on the landscape and urban scale. It is not mandatory in building 
design: How different spaces affect humans and what makes an 
environment stressful or not. Study gathers literature theoretically and 
categorizes it per topic: 1) Affective computing Introduction and uses, 
2) Human responses to different stimulus and environments, 3) 
Factors that affect humans, 4) Technologies like brain imaging and 
Galvanic Skin Response (GSR) that are used to measure human 
anxiety levels, as well as blood pressure and other indications on the 
person’s well-being, and some 5) Case Studies. Affective computing 
can be an addition to different pre- design analysis made to a project. 
Different areas of comfort like space dimensions, height, colour and 
shape can be the start of coding “Human Comfort” analysis software.  
Study has been restricted to previous research, and can be expanded 
further to experimentation.  Future work aims to code it into Building 
Information Modelling Software. 

 
Keywords: Affective Computing; Space Design; Emotional Comfort; Human 
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أثناء تصميم المكان أو المبنى ، وضع المهندسون في االعتبار عوامل مثل الراحة    .ملخص
البشرية   العواطف  مثل  عوامل  ترك  يتم  الجمال.  وعلم  الهيكلي  واالستقرار  الحرارية 

في رد الفعل العاطفي    ما تم رصده  البحث  يجمعكثير من األحيان.  ومستويات اإلجهاد في ال
مساحات المختلفة ، من خالل التجارب البدنية واالجتماعية والمسح. ثم  للمستجيبين لتصميم ال 

تحليلها.  أثناء  فعلهم  ردود  وأثار  المشاركين  على  أثرت  التي  العوامل  البحث    يحدد  يرصد 
المختلفة ، من خالل  الفراغات  إلعداد تصميم    مستخدمينالتحقيق في ردود الفعل العاطفية لل

لمستخدمين  ردود أفعال ا  تعريف العوامل التي تؤثر على  .صائيةاالستق  و   التجارب الفيزيائية 
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المعماري. الي     للفراغ  البحث  ل يهدف  مستقبلية  على  دراسة  تؤثر  التي  العوامل  تصميم 
ترميزها ليتم  العاطفية  والراحة  المساحة  القادمة تصميم  الدراسات  نمذجة  في    في  برامج 

 . BIMمعلومات البناء 

المفتاحية: ، العمارة العصبية،  حة االنسانية، العمارة االنسانيةبة االنسانية، تصميم الفراغ، الراس والح   الكلمات 
 علم النفس في العمارة. 

1. Introduction 

Affective computing describes using computers in ways that track and 
decipher humans’ emotions, hence be able to generate products that are more 
appealing to the human psyche. Applying the emphasis of Picard and Klein 
(2002) on the importance of emotional needs, an important function and 
purpose of emotional design emerges. That is, emotional design can 
contribute to the wellbeing of the receptors by taking into account and 
helping to fulfil their emotional needs. According to Picard and Klein 
(2002), these needs include empathy and self-awareness, feeling connected 
to others and understood and accepted by them. (Plass J. et al., 2016) 
The basic physiological human needs include the shelter as per Maslow’s 
pyramid. The need for safety comes next with the sense of stability and 
security. There is a built-in human reaction to threats from the environment, 
and structures threaten our primeval sense of security when they appear 
unnatural. A building, regardless of shape or use, is perceived as beautiful 
when an emotional link is established with the structural order. (Salingaros 
N., 1995) 
In his Book, Places of the soul, (Day C., 2014) the author states that Animals 
unvaryingly respond to environmental stimuli, whereas humans have the 
ability to transcend the situation. Most people tend to react to stimuli in 
predictable ways. Architectural psychology studies the environmental 
requirements of places in which we can feel good, private, sociable, and so 
on. Without constant stimulus human senses wither. Inadequate stimulation 
makes life boring, joyless and uninspiring – but too much can be alarmingly 
over-stimulating. So Day C. (2014) advice for a stress-free life is that people 
need sameness, predictability; but to feel alive, their senses need contrast 
and stimulus. Psychologists call this ‘difference within sameness’. 
(Keniger L. et al.,2013) acknowledges the fact that Growing body of 
research shows that building environments that connect people to nature are 
more supportive of human emotional well-being and cognitive performance 
than environments lacking these features. Access to indoor sunlight is also 
associated with perceived cheerfulness of the environment as well as higher 
levels of positive affect and job satisfaction for the occupants. There is 
evidence also that daylight and indoor sun may be beneficial to building 
occupants who experience Seasonal Affective Disorder (SAD) which leads 
to lowered energy and moods in winter months. (Keniger L. et al.,2013) 

https://www.sciencedirect.com/topics/social-sciences/empathy


M. ABOUHADID 

D1P1S4 COMPUTATIONAL ENCULTURATION II                332 | ASCAAD 2021 
 

For most of human history, people have actively adjusted the environment as 
well as their behaviors to achieve comfort. Yet buildings continue to be 
designed with a "one size fits all" approach. (Heerwagen J., 2008) 

2. How the Environment affects Humans 

Schools of architecture over decades have been influenced by social and 
political events, and have shown major transformations. (Heerwagen J., 
2008). According to (Salingaros N., 1995) The Emotional Basis of 
Architecture Successful buildings have one overriding quality: they are 
natural and comfortable.  
(Salingaros N., 1995) who studies The Laws of Architecture from a 
Physicist Perspective states that modernist structures make their inhabitants 
feel very uncomfortable. Something vital in human consciousness could well 
be damaged by an environment that lacks structural order. Research states 
that modernist architecture deliberately opposes nature. This violates deeply-
seated feelings that are an intrinsic part of human consciousness.  
Fear, Anxiety, estrangement, and their psychological counterparts, anxiety 
neuroses and phobias, have been intimately linked to the aesthetics of space 
throughout the modern period. (Vidler A., 2000). Modernism has introduced 
many spatial fears to psychoanalysis, forming its notions of abstractions 
under the sign of neurasthenia and agoraphobia.  

2.1. HOW SPACE DESIGN AFFECTS USERS’ EMOTIONAL STATE 

Relaxation and stress monitoring is a well-covered area in usability, 
ergonomics and human-computer interactions (HCI). According to (Motte 
D., 2009) an emotion can be defined as “a relatively brief episode of 
coordinated brain, autonomic, and behavioural changes that facilitate a 
response to an external or internal event of significance for the organism.”  
(Day C., 2014) explains in his book “Places of the soul”, that architectural 
drawings do not transfer the real humans’ feeling experiencing a space. It 
might represent it but the lines cannot define how the user will react to them 
in reality. Sharp edges and round corners do not affect humans the same 
way. “Nothing alive ever fits exactly in any hard-edged category”, Explains 
(Day C. 2014). Design by placing coordinates on a grid may make things 
easy to measure, but it describes the world in a non-human, more machinery 
type of environment. It’s evident that a world made up only of rectangles is 
death to the soul. Hard mineral matter, hard lines, hard corners, repetitive 
unambiguous form, these patterns alienate humans as it is not how they were 
meant to live in.  
When the Bauhaus movement so enshrined the geometric solids cube and 
cylinder, it was also choosing the most economical forms for the machine 
age. Bauhaus derivative buildings that followed were increasingly shaped by 
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monetary criteria. Machine extruded forms aren’t places for living 
occupants, only for mechanical bodies. Such rooms can easily feel like 
boxes: uncomfortable, claustrophobic and life-suppressing. When (Day C., 
2014) refers to Classical architecture, he found that it always grew from 
bases. Vernacular walls invariably widened at the foot, usually with a two 
angle flare. Such walls are more solid, rooted in the earth, more timeless, 
quiet, reassuring and restful than those exactly vertical, which according to 
the author are just parked there. 
Free curves, in other words, are mood-enlivening and life-enhancing but can 
lull us into a dreamy state, forgetting the practicalities of the real world. In 
contrast, straight lines are ‘businesslike’. Easy to understand, they help us 
think clearly. This makes them lines of organization, often of power. A 
balanced, healthy human life lies somewhere between these two extremes. 
(Day C., 2014) 
 

2.2. ARCHITECTURAL ELEMENTS THAT AFFECT HUMANS COMFORT 

Some Architectural Elements promote relaxing effects into human brains; 
they can transform the mental state into a state of mindfulness and 
consciousness. Meditation is a spiritual practice that can be reached into an 
environment that has those elements. By using those elements, humans can 
be more relaxed and focused and less stressed and anxious. (Keng S. et al., 
2011). Nature has fortunately provided an intuitive guide to habitat quality 
(The Savannah theory is an example of that). Positive emotional states of 
interest and pleasure, associated with preference, signal that an environment 
is likely to provide resources and supports that promote survival and well-
being, while negative affective states serve as warnings of potential harm or 
discomforts. (Heerwagen J., 2008). 
According to literature, Stimulus in a built environment can lie anywhere 
between the lines and shapes of the space, lighting (windows size, shape, 
position), Ventilation (Thermal Comfort), Acoustic comfort, Visual comfort, 
colors of walls and interior fixtures. (Yu Lau S., 2014), in order to achieve 
moderate or appropriate stimulation, layout, circulation, control, flexibility, 
responsiveness, privacy, spatial syntax, defensible space and certain 
symbolic elements are key architectural factors. Insufficient spatial 
resources, inflexible spatial arrangements, and lack of climatic controls, all 
threaten individual needs to effectively interact with the space. 

3. Human indicators to emotional response  

In the old times, humans’ surroundings were full of dangers that can end 
their lives. Animals, natural disasters, lack of food or any predator attacks. A 
natural response to danger, that is engraved in humans nervous system is the 
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fight or flight response. They either face and fight the danger or run away 
from it to save their lives. In modern times, dangers become different and 
less occurring, but the brain memory kept the same kind of reflexes. When a 
person is faced with a stressful situation, his brain translates it as “danger” 
and automatically turns on his “fight or flight” response. (Law A. et al., 
2008) 
This causes what is known now as “Anxiety”, that shows by many 
symptoms like quick palpitations, high sweat levels, numbness of hands or 
feet, headaches, shortness of breath and other symptoms. Anxiety symptoms 
used to fade away when the source of perceived danger disappears; however, 
in modern societies, the symptoms persist due to the stressful nature of fast-
paced modern living, over-thinking and lack of relaxing environments. 
The built environment might be playing a role in increasing anxiety and 
related phobias. And pre-design process has included lots of factors to secure 
a comfortable environment for the users like environmental thermal analysis. 
But physiological and physiological factors remain unmeasured and 
uncontrolled in modern cities. (Bourne E., 2010). 
(Cisler J. et al., 2010) gave some examples to the factors that can be 
measured to test the person’s emotional state at a specific moment, or under 
certain circumstances. Indicators included: Heart rate, blood pressure, 
anxiety related problems like phobias: agoraphobia, claustrophobia, 
obsessive compulsive disorder OCD, generalized anxiety disorder, panic 
disorder, post-traumatic stress disorder PTSD, selective mutism, 
depression or anxiety levels (General anxiety, panic, social anxiety), anger, 
irritability, or restlessness, feeling overwhelmed, unmotivated, or unfocused, 
trouble sleeping or sleeping too much, racing thoughts or constant worry, 
problems with your memory or concentration, making bad decisions. Other 
physio-psychological cases include seasonal affective disorder (SAD), where 
symptoms can include mood swings and seasonal depression.  
Sick Building Syndrome SBS/ Tight Building Syndrome where symptoms 

include headache, dizziness, nausea, eye, nose or throat irritation, dry cough, 

dry or itching skin, difficulty in concentration, fatigue, sensitivity to odors, 

hoarseness of voice, allergies, cold, flu-like symptoms, increased incidence 

of asthma attacks and personality changes. (Wargocki P. et al., 2000)  

4. How to measure Emotions? 

Desmet et al. wrote that: “Psychophysiological instruments measure typical 
physiological reactions that come along with emotions, such as changes in 
heart rate or pupil dilatation.” These measures cannot be used to distinguish 
emotions since they only indicate the amount of arousal that is part of the 
emotion. Moreover, emotions of low intensity are difficult to assess with 
these measures.” Psychophysiological measurement techniques permit the 
immediate and continuous measurement of the bodily reaction to an 

https://www.webmd.com/depression/default.htm
https://www.webmd.com/anxiety-panic/default.htm
https://www.webmd.com/sleep-disorders/default.htm
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emotional stimulus. They bypass the subjectivity and ambiguities of self-
reports and allow for a precise matching between the emotional trigger and 
the emotional reaction. (Motte D., 2009) 

4.1. SUBJECTIVE (PSYCHOMETRIC) MEASUREMENT TOOLS 

As stated in (Kolakawska A. et al., 2015, Hosany S. et al., 2015), in the field 
of psychology various emotions representation models have been defined. 
They can be used in emotion modelling for affective applications. Four 
commonly adapted scales include Plutchik’s (1980) eight primary 
emotions, Izard’s (1977) Differential Emotion Scale, Mehrabian and 
Russell’s (1974), Pleasure, Arousal, and Dominance Scale (PAD), 
and Watson, Clark, and Tellegen’s (1988) Positive Affect and Negative 
Affect Scales (PANAS). Other Tools like the OCC Componential Model, 
Geneva Emotion Wheel (GEW), Self Assessment ratings and whissell 
wheel.( Kolakawska A. et al., 2015), Self-Reports of Emotional State, 
Behavioral Observation, Neighborhood Social ties test (Cisler J. et al., 
2010). 
According to (Homolja M. et al, 2020) Numerous studies have noted that 
emphatically measuring emotion is difficult; quantifying a very subjective 
emotive experience is an inherently complex task and subjective 
methodologies alone are argued to have limited effectiveness.  
Emotion is reflected in all modes of human communication such as word 
choice, tone of voice, facial expression, gestural behavior, posture, skin 
temperature and clamminess, respiration, muscle tension, and more (Picard 
et al. 2001). Picard et al. (2001) elaborate on how emotional recognition 
systems are most likely to be accurate when they combine multiple kinds of 
signals from the user with information about the user’s context, situation, 
goals, and preferences. (Picard et al. 2001).  

4.2. OBJECTIVE MEASUREMENT TOOLS 

Many measurement tools include:  

A. Galvanic Skin Response (GSR/EDA): Electrodermal activity (EDA), also 
referred to as galvanic skin response (GSR), reflects the amount of sweat 
secretion from sweat glands in our skin; increased sweating results in higher 
skin conductivity. (GSR, Imotions, 2017) 

B. Electroencephalography (EEG) Technologies: Electroencephalography 
(EEG) is an electrophysiological monitoring method to record electrical 
activity of the brain. It is typically non-invasive, with the electrodes placed 
over the scalp, thus suitable also for no-laboratory settings. (EEG, Imotions, 
2017). Unlike facial recognition, EEG is able to monitor the global 
emotional state of a person, which cannot be controlled consciously. 
Combining the two modalities allows getting insights into both the moment-

https://journals.sagepub.com/doi/full/10.1177/0047287514522878?casa_token=AF-6jljpvssAAAAA%3AL3d7GtQmfRyzFgBq8Ol_eos_CSeu5hnWdnPFCvlDNzGGByX6CyqIR3c2cLp9_cCFbuQ_wVH4MgSfwQ
https://journals.sagepub.com/doi/full/10.1177/0047287514522878?casa_token=AF-6jljpvssAAAAA%3AL3d7GtQmfRyzFgBq8Ol_eos_CSeu5hnWdnPFCvlDNzGGByX6CyqIR3c2cLp9_cCFbuQ_wVH4MgSfwQ
https://journals.sagepub.com/doi/full/10.1177/0047287514522878?casa_token=AF-6jljpvssAAAAA%3AL3d7GtQmfRyzFgBq8Ol_eos_CSeu5hnWdnPFCvlDNzGGByX6CyqIR3c2cLp9_cCFbuQ_wVH4MgSfwQ
https://journals.sagepub.com/doi/full/10.1177/0047287514522878?casa_token=AF-6jljpvssAAAAA%3AL3d7GtQmfRyzFgBq8Ol_eos_CSeu5hnWdnPFCvlDNzGGByX6CyqIR3c2cLp9_cCFbuQ_wVH4MgSfwQ
https://journals.sagepub.com/doi/full/10.1177/0047287514522878?casa_token=AF-6jljpvssAAAAA%3AL3d7GtQmfRyzFgBq8Ol_eos_CSeu5hnWdnPFCvlDNzGGByX6CyqIR3c2cLp9_cCFbuQ_wVH4MgSfwQ
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by-moment changes in emotional expression as well as variations in 
emotional states across a longer time span. (EEG, Imotions, 2017) 

C. Augmented Reality (AR) can aid in visualizing building projects. 
Architecture sight-seeing can be enhanced with AR applications, allowing 
users viewing a building's exterior to virtually see through its walls, viewing 
its interior objects and layout. (Mane C. et al., 2020). Microsoft Hololens is 
an example to gadgets that use Augmented Reality to give the user a virtual 
reality experience of a product, space, game or any other not- real 
environment. (Kalantari M., 2017) 

D. Electromyographic sensors (EMG) sensors monitor the electric energy 
generated by bodily movements of the face, hands or fingers, etc. (startle 
reflex). Also, facial EMG can be used to track smiles and frowns in order to 
infer one’s emotional valence. (Experimental Design, Imotions, 2017) 

E. Electrocardiography and Photo-plethysmography (ECG/PPG) Track heart 
rate, or pulse, from ECG electrodes or optical sensors (PPG) to get insights 
into respondents’ physical state, anxiety and stress levels (arousal), and how 
changes in physiological state relate to their actions and decisions.  

F. Complementing facial expression analysis with eye tracking, GSR or EEG 
allows you to get insights into both the valence (quality) of an emotional 
response as well as the amount of arousal (intensity) it triggers in your 
respondents. (GSR, Imotions, 2017) 

 
As Picard and Klein (2002) suggest, addressing the user’s emotional needs 
does not require the computer to have the emotional qualities of a human 
being. The emotional needs of the human user can still be addressed and at 
least partially fulfilled during the interaction with the program, even when 
the user is aware that the agent with whom they are interacting is not a 
human being. Significant developments in this direction can be seen as 
functions of “the recent shift from computers as tools to computers as 
partners and socially intelligent agents, and intelligent decision-aids”. 
Consistently, the field of affective computing is flourishing, with many 
projects toward “building machines that have several affective abilities, 
especially: recognizing, expressing, modelling, communicating, and 
responding to emotion”. (Plass J. et al., 2016) 

5. Case Studies of measuring emotions in Space design 

Different Research used the above mentioned methods to evaluate the users 
and designers’ emotional state towards different settings. A recent study 
(Gero J. et al., 2020) used physiology measurements like eye-tracking, 
electrodermal activity (EDA), heart rate, and emotion tracking (facial 
expression analysis), EEG, FNIRS (Functional Near infrared Spectroscopy) 
and FMRI (Functional Magnetic Resonance Imaging) to evaluate the 
designer state in different phases of the design process. Another study by 
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(Banaei M. et al., 2019) conducted an experiment using immersive VR, to 
make the sample experience different space designs and answer a set of 
questions on a scale from 1 to 5 according to how they feel about the design 
and how comfortable they find it.   
Banaei M. et al., (2017) worked on creating different virtual environments. 
Then with Virtual reality, immerse the sample into the created environment. 
The sample’s body was connected to EEG cap to measure the brain activity 
according to each design. Some designs were more stimulating than others.  
Another recent study (Zou Z. et al., 2019) has tried to develop a new 
framework to bring an understanding of architecture and neuroscience 
interactions in designed facilities and quantification of the impact of design 
on the human experience. The authors first built two virtual environments 
(i.e., restorative and non-restorative) using the architectural design features 
related to human restorativeness identified by previous research efforts. 
They compared multiple design variables with the use of windows and light 
to understand how humans react to such spaces. The participants were asked 
to conduct navigational tasks while their bodily responses were recorded by 
body area sensors (e.g., EEG, GSR, and Eye-tracking). The result showed 
that human responses in restorative and non-restorative environments had 

statistically significant difference.  
In their study, Banaei M. et al. (2019) investigated the effects of different 
interior architectural forms on emotional states by considering personality 
traits. This work also filled four main gaps found in previous studies by 
using comprehensive interior form clustering, analyzing forms in real 
combinations, allowing participants to explore 3D forms in VR, and 
considering different personality traits in design. The results illustrated 
the relationship among different forms, emotional states, and personality 
traits. Additionally, this study further examined the means of researching 
3D-built environments in VR. The participants used VR to perceive space 
actively, and this study innovatively explored environmental psychology in 
interior architecture. 
Another project entitled: “Decoding the Emotions of an Architectural 
Experience” (Homolja M. et al, 2020) made a pilot study in the elements of 
architecture, the ways they affect humans and how they were measured. A 
few studies investigated the relationship between architectural form and 
emotion. Some of these studies sought to define curved lines with adjectives 
like ‘‘serene’’, ‘‘graceful’’, and ‘‘tender-sentimental’’, and described angles 
as ‘‘robust’’, ‘‘vigorous’’ and ‘‘somewhat more dignified’’. Another Study 
concluded that having too many curved forms could cause stress. (Banaei M. 
et al., 2017) 
Numerous studies have shown a covariation of pleasant feelings associated 
with curved forms. In his thesis, Nejad M.K. (2007), created different set of 
virtual environments, and tested their effect on his subjects. His sample 
included different genders, architects and non-architects, results suggest that 
pleasantness, relaxing, and friendliness variables are correlated. If we 

https://imotions.com/biosensor/emg-electromyography/
https://imotions.com/biosensor/gsr-galvanic-skin-response-eda-electrodermal-activity/
https://imotions.com/eye-tracking/
https://www.researchgate.net/project/Decoding-the-Emotions-of-an-Architectural-Experience
https://www.researchgate.net/project/Decoding-the-Emotions-of-an-Architectural-Experience
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assume that spaces that are considered pleasant are more preferred, mystery 
had a much lower correlation to preference as was found in previous studies. 

6. Study Limitations  

Study has been restricted to found literature, and can be expanded further to 
experimentations. Methods of measuring Human stimulus and reactions 
include Subjective measurement tools tests were not included in this study. 
Also Statistical methods and software of data analysis were not included in 
this review. 

7. Conclusion and Future Work 

The design of many products often involves human responses and 
behavioural expectations, like games, logos, cars, devices, etc. Buildings 
design might as well be perceived as a product to serve humans and target 
their well-being. It is important that though design and architecture have an 
aesthetic appeal, to make sure that it is more than just looks. It affects mood, 
behavior, and overall quality of life. This review was done to establish if the 
current body of research has shown evidence linking the built environment 
to altered emotional states. The evidence base of this is growing as well as 
the need to understand if we can support mental health and wellbeing 
through environmental exposure. Architecture combined with neuroscience 
and behavioral sciences can only be enhanced with human behavior 
research. Working across disciplines allows for a better understanding of the 
characteristics of design and how it can affect human behaviour and 
emotions. 
The translation of human need and implementation into the design process 
can only be done with the help of technology, starting with measurement 
tools presented in this study, till the platforms and software that can further 
develop this mechanism into more automated and systematic studies like 
thermal comfort analysis software. 
Future work aims to code human emotional responses into Building 
Information Modelling Software. Affective computing can be an addition to 
different pre- design analysis made to a project on using a BIM platform. 
Different areas of comfort like space dimensions, height, color and shape 
can be the start of coding “Human Comfort” analysis software.   
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