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Abstract
Problem statement: Mental health has received a lot of attention in recent years from various fields. 
One of the parameters of mental health is emotion, which has been influenced by various environmental, 
social, cognitive, and motor factors. Architectural space as one of the important environmental 
components has an impact on emotion and has neurophysiological effects on the human brain. Since 
humans spend a lot of time in the interior of architecture, it has doubled in importance. Despite the great 
importance of this issue, little research has been done in architecture so far, and most of the research has 
used qualitative methods of interview, observation, and questionnaire, which, due to the influence of the 
author, there has been a possibility of orientation in the results. Nevertheless, with the advancement of 
technology and the emergence of the field of neuroscience, new quantitative tools and methods have 
been provided to researchers to measure emotion, and it has led to the formation of a new paradigm of 
neuroarchitecture.
Research Objectives: The present research aims to review the studies conducted in this field so that 
in addition to clarifying the effect of interior architecture on emotion, the methodology of the studies is 
also analyzed and provides a clear path for future researchers. Therefore, the present research questions 
can be expressed as follows: Which physical components of the interior space of architecture affect 
emotion? What effect has their exposure had on neurophysiological emotion? And how do these 
emotions appear?
Research Method: The present research employed the systematic review methodology. In this regard, 
the inclusion criteria such as terms, measurement variables, measuring instruments, and publication 
date were defined. The way of searching databases of studies, selecting and assessing their qualities 
were defined, and the final studies were introduced and analyzed.
Conclusion: The results indicate the effect of the physical parameters of the interior space such as form, 
materials and texture, furniture, ceiling height, architectural details, and openness to nature on emotion, 
each of which is one of the emotional states and feelings such as enjoy, pleasure, arousal, and disgust 
have appeared. The present research is a window to the issue of mental health, which introduces a field 
for using the interior space of architecture as a type of treatment or prevention.
Keywords: Systematic review, Emotion, Physical components, Interior space, Neuroarchitecture.
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Introduction
In recent years, the topic of mental health has 
become very important (AIWH, 2018). Emotion is 
one of the main parameters affecting mental health 
(Williams, Watts, Macleod & Mathews, 1988). 
Watson (1913) was the first to invite psychologists 
to study emotions and other internal experiences 
(Watson, 1913). After those years, the study of 
emotions was accepted and started expanding 
(Dorn, 1998). Since then, emotion has played a 
fundamental and important role in the life history 
of people and their mental health (Fruzzetti & 
Erikson, 2010). Emotions are internal data that 
affect behavior (Wells & Mathews, 1994). That is, 
the human body can respond to a stimulus before 
it can consciously process the input (Öhman, Flykt 
& Lundqvist, 2002), and sometimes this happens 
without the intervention of the visual cortex 
(Liddell et al., 2005). In addition, emotion can 
affect human health by affecting the inflammatory 
response of the immune system and indirectly 
affecting health-related behaviors (Kiecolt-Glaser, 
McGuire, Robles & Glaser, 2002). Therefore, 
to achieve mental health, the emotion parameter 
cannot be ignored due to its great and unconscious 
influence.
Along with the subject of mental health and 
emotion theories, the term “Behavior setting” was 
formed in the field of environmental psychology to 
describe the impact of physical space (time, place, 
and objects) as well as the social environment (the 
activity patterns of others) on behavior (Barker, 
1978). Therefore, several studies in the field of 
social sciences have investigated whether the built 
environment affects our mental health and emotions 
(Evans & McCoy, 1998; Ferguson & Evans, 2018; 
Papale, Chiesi, Rampinini, Pietrini & Ricciardi, 
2016), and generally, they have used indicators of 
psychological impact through self-evaluation rating 
scales, questionnaires, and explanations (Dazkir 
& Read, 2012; Dinis, Duarte, Noriega, Teixeira 
& Rebelo, 2013; Küller, Ballal, Laike, Mikellides 
& Tonello, 2006; Roessler, 2012). However, the 

investigation of this issue has been neglected in the 
field of architecture while humans spend a lot of 
time in the interior of architecture (Klepeis et al., 
2001).
Therefore, an investigation into emotions 
towards the environment, which is in the field 
of environmental psychology, can be effective 
in identifying the impact of the interior space of 
architecture on mental health (Shiota & Kalat, 
2012). Recently, neuroscience studies have tried to 
fill the gap between architecture and environmental 
psychology by describing some basic mechanisms 
and trying to clarify the impact of architectural 
space on emotion using new instruments (Nanda, 
Ghamari, Pati & Bajema, 2013), which has 
caused the emergence of a new paradigm called 
neuroarchitecture. The field of neuroarchitecture 
uses neuroscience tools to investigate the effects 
of architecture on its inhabitants (Edelstein, 2008). 
Therefore, the aim of the present systematic review 
is to identify the set of experimental studies with 
specific criteria related to the impact of interior 
architecture on emotion using neuroscience and to 
clarify the mechanism of this impact.

Research Questions
Considering the importance of the effect of interior 
architecture on emotions and as a result on human 
mental health, the present review question can be 
expressed as follows:
Which physical components of the interior space 
of architecture affect emotion? What effect has 
their exposure had on neurophysiological emotion? 
And how do these emotions appear? The present 
research is a systematic review to clarify the effect 
of interior space stimuli on emotions and take a 
step towards creating human mental health.

Research Hypothesis
 As a multi-dimensional being, man is influenced 
by many environmental factors that affect his 
mental health. One of the factors that people spend 
a lot of time on is the interior space of architecture. 
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It is assumed that by placement in the interior 
space of architecture, the human being is affected 
by physical and mental components and this effect 
causes changes in the human being, which is also 
effective in mental health.

Research Methods
The present research was conducted using the 
systematic review method (Higgins & Green, 
2008) and with the aim of searching and defining 
the scope of research on the effect of the physical 
components of the interior space of architecture 
on emotion using neuroscience. This issue is 
important because humans spend a lot of time in 
the interior of architecture; therefore, the present 
review specifically deals with studies that have 
investigated how the interior of architecture affects 
neurophysiological emotion. It can be said that 
in a systematic review article, the latest scientific 
information on a specific subject is reviewed 
and the purpose of writing a review article is 
not only information but also evaluation and 
interpretation. Therefore, in the present review, 
the results, methods, instruments, and other 
information of the studies have been analyzed and 
compared. In relation to the effect of architecture 
on neurophysiological responses, search terms, 
inclusion, and exclusion criteria are defined and 
presented below.

Theoretical Foundations and Literature 
Review
•  Emotion
The word “emotion” from the Latin root “Motere” 
means to move, and the addition of the prefix e gives 
it the implied meaning of “going away” (Golman, 
2002) and literally refers to any stimulation 
or disturbance in the mind, feeling, affect and 
powerful or excited mental state are considered 
(Schultz, 1976). Operational and conceptual 
definitions of emotion have been faced with a wide 
range of meanings throughout history. Gartner 
(2012) defines emotion as one of the psychological 

processes such as perception, memory, cognition, 
feelings, and behavior of a person, which can be 
measured by special sensors and devices (Gartner, 
2012). Reeve (2009) proposed emotions as sensory 
states with behavioral, cognitive, and physiological 
components, which are usually intense and short-
term. In addition, the most prominent definition 
that many researchers have based their work on 
has a multi-component definition and perspective. 
In this definition, emotions are presented as multi-
component and coordinated processes of the 
psychological subsystem, including emotional, 
and cognitive processes, and the motivation of 
peripheral facial and physiological manifestations 
(Damasio, 2005). In environmental psychology, 
Reeve (2009) considers emotion as a complex set of 
interactions between objective and subjective factors 
that are activated by hormonal-nervous systems. He 
believes that emotions can: 1- Increase emotional 
experiences such as arousal, pleasure, or lack of 
pleasure. 2- Produce cognitive processes such as 
perceptual effects, evaluations, etc. 3- They activate 
physiological adaptation in arousal conditions. 
4- Lead to behavior that is often meaningful, goal-
oriented, and adaptive.
From a philosophical point of view, Descartes 
identifies six “primitive” passions: “the first of all 
the passions,” Admiration, love and hatred, desire, 
and joy and sadness, which the mixture of these six 
passions causes other feelings and sub-emotions 
(Leeper, 1965) and Darwin (1872) emphasized 
the role of emotion in social communication and 
believes voluntary expression of emotions, which 
is vital to higher species, has evolved selectively to 
meet the needs of social communication (Darwin, 
1872). William James (1884) combined the 
views of Darwin and Descartes and presented a 
physiological theory, according to which emotion is 
the feeling of bodily changes that occur following 
the perception of reality. As well as, James (1890) 
confirms the connection between mental feelings 
and physiological states of arousal. According to 
him, these changes and reactions are felt as an 
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emotional experience in the cerebral cortex area, 
and receiving emotional stimuli leads to hidden 
vascular alterations and hidden muscle reactions.
In the meantime, the difference between emotion, 
mood, and affect can be expressed as a subject 
(Kleinginna & Kleinginna, 1981), emotion is 
a more general concept that includes both the 
concepts of emotion and mood (Schwarz & 
Clore, 1996), emotion is created in response to 
a specific event and motivate specific adaptive 
behavior. Moods originate from ambiguous sources 
(Goldsmith, 1994), and are more durable (Ekman, 
1973). There are different types of emotions. The 
theorists have presented different views regarding 
the types of emotion, which are stated below so that 
by fully understanding it, a better understanding of 
how architecture affects emotion can be formed.
•  Types of emotions
Emotions have different types that can be expressed 
as a continuous spectrum from basic emotions to 
self-conscious emotions, where each emotion is 
different from other emotions in terms of belonging 
to each category. Meanwhile, shame and pride are 
two unpleasant self-conscious emotions (Kemeny, 
Gruenewald & Dickerson, 2004). Self-conscious 
emotions require self-awareness and self-
representation, appear later than the basic emotions, 
facilitate the achievement of advanced social goals, 
do not have a unique appearance, and are part of 
complex cognitive phenomena (Tracy, Robins & 

Tangney, 2007). It can be said that since the focus 
of the current research is on basic emotions, the 
types of basic emotions and the opinions of experts 
in this regard will be examined in the following.
There are different types of basic emotions; they 
range from euphoria to disgust and from fear to 
dysphoria (Pervin, 1996). Generally, in the 1980s, 
psychologist Robert Plutchik identified eight basic 
emotions, which he grouped into opposite pairs, 
including joy and sadness, anger and fear, trust 
and disgust, and surprise and anticipation. This 
classification is known as the emotion wheel chart 
and can be compared to the color wheel because 
some emotions mixed can create new complex 
emotions (Plutchik, 1980). Eight basic emotions 
related to excitement are identified in Fig. 1.
From different perspectives, emotions have 
been presented with different definitions. In the 
biological approach, they have introduced up to 
ten basic emotions such as anger and fear, and 
secondary or acquired emotions have not been 
considered. Rather, from the cognitive perspective, 
both basic and acquired emotions have been 
emphasized (Reeve, Deci & Ryan, 2004). In the 
biological approach, theorists believe that there 
are a few basic emotions that are the result of 
biology and evolution, and have identified various 
biological causes for different emotions. For 
example, Tomkins (1970) identified six emotions: 
joy, sadness, anger, fear, surprise, and affection 
(Tomkins, 1970). From the cognitive perspective, 
theorists believe that emotions arise in response to 
different meaning structures (Frijda, 1988). That is, 
the way people interpret the meaning of a situation 
determines the type of emotion they experience 
(Reeve, Deci & Ryan, 2004). In general, in 
different approaches, the basic emotions are the 
inherent emotions, and a set of emotions that are 
common in terms of physiology, mental state of 
feeling, expressive characteristics, etc., called non-
basic emotions. From the biological perspective, 
the five basic emotions of anger, fear, pleasure, 
sadness, and hate have been identified, and from 

Fig. 1. Eight basic emotions related to emotion. Source: Plutchik, 1980.
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the cognitive perspective, the five basic emotions 
of anger, fear, sadness, joy, and love have been 
identified (Shaver, et al., 1987). Meanwhile, anger 
is the most powerful and dangerous emotion and its 
purpose is to destroy obstacles in the environment, 
and hate is to get rid of something contaminated 
and corrupt (Rozin, Lowery & Ebert, 1994). 
Sadness is the most painful emotion and results 
from failure experiences, joy from funny events 
(Shaver, Schwartz, Kirson & O’Connor, 1987), and 
interest (affection), the desire to explore, research, 
and obtain information (Reeve, Deci & Ryan, 
2004). Regarding the classification of emotion, 
various models have been presented, which are 
used to measure emotion. Some of these models 
are complementary to the previous model and some 
are different from the previous model. The emotion 
models are investigated below.
•  Emotion models
The standard models in the classification of types 
of emotions include the Circumplex model, the 
Vector model, Positive Affect and Negative Affect 
Schedule (PANAS) model, the Plutchik model, 
and the PAD emotional state model (Talarico & 
Rubin, 2009). James Russell (1980) who considers 
the types of emotion in a two-dimensional space 
inside the circle in a broad way,  according to 
Fig. 2, where arousal and valence are marked 
with horizontal and vertical axes, proposed the 
Circumplex model and the coordinate center is 
neutral valence and corresponding average arousal 
(Russell, 1980). The vector model was presented 
by Bradley, Greenwald, Petry & Lang (1992) and 
according to Fig. 3, there is always an underlying 
motivational aspect as a capacity characterizing the 
type of emotion.
PANAS model or emotion consensual model shows 
that positive affect and negative affect are two 
separate systems (Watson & Tellegen, 1985). This 
model is presented in Fig. 4. This model is similar 
to the vector model, high-arousal states tend to be 
defined by their valence, and low-arousal states are 
more neutral in valence (Rubin & Talerico, 2009). 

Fig. 2. Circumplex model. Source: Russell, 1980 .                

Fig. 3. Vector model. Source: Bradley, 1992.  

In this model, the vertical axis shows low to high 
impact and the horizontal axis shows low to high 
negative impact, and the dimensions of valence 
and arousal are located in a 45-degree rotation on 
these axes (Watson & Tellegen, 1985). Plutchik’s 
model, According to Fig. 5, named eight basic 
emotions; he grouped emotions into four opposite 
pairs (joy/sadness, anger/fear, expectation/surprise, 
affection, and kindness/hate). In this theory, which 
is presented with 10 basic assumptions, it is 
stated that emotions have arisen during evolution 
and human evolutionary periods have caused 
the emergence of new emotional levels based on 
fundamental emotions (Plutchik, 1982).
One of the most widely used models in connection 
with describing types of emotions is Russell 
and Mehrabian’s model. The three-dimensional 
theory or PAD has presented three terms pleasure, 
arousal, and dominance, which are considered 
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Fig. 4. Panas model or consensual model. Source: Watson and Tellegen, 1985. 

Fig. 5. Plutchik model. Source: Plutchik, 1982.

to describe and measure a certain emotional 
response. Pleasure-unpleasure measures the 
quality of emotional experience. Arousal-lack 
of arousal refers to the issue of physical activity 
and psychological-physiological changes, and the 
dominance dimension is defined as the sense of 
control or lack of control of people in a situation. 
The results showed that all emotions can be precisely 
based on these three independent and bipolar 

dimensions. , pleasure-unpleasure, level of arousal, 
and dominance can be described (Mehrabian & 
Russell, 1974). In Russell and Mehrabian’s model, 
emotion is considered as an intermediary between 
environment and personality (influencing factor) 
and behavior as an output (Gifford, 2007). PAD 
model has been proposed for use in environmental 
psychology, the main idea of this model is that 
the environment affects people’s emotional states 
(Mehrabian & Russell, 1974). The classification of 
emotion according to the three factors of the PAD 
model is specified in Table 1.
•  Emotion Theories  
From the beginning of attention to the emotion 
category, various theories have been formed over 
time. Psychologist William James and physiologist 
Carl Lange’s theories about the origin and nature of 
emotion and is one of the first theories of emotions 
in modern psychology (Dewey, 1894; Barrett, 
2017), proposed James-Lange theory (1884). The 
basic premise of the theory is that physiological 
arousal causes emotion in humans (Cannon, 1927). 
This theory proposes a physiological (physical) 
response in which physiological changes are 
primary and when the brain reacts to information 
received through the body’s nervous system, it 
experiences emotion. In a way, it states that each 
specific emotion is related to a unique and different 
pattern of physiological arousal against an exciting 
stimulus, and what a person experiences as an 
emotion is a label that he puts on his/her responses 
(Dalgleish, 2004). In addition, George et al., (2002) 
in a study on the autonomic nervous system stated 
that this theory is “hard to disprove” . The main 
principles of James Long’s theory are according to 
Fig. 6.
The main concepts of Cannon-Bard’s theory 
(1927) are that emotional expression results 
from the function of hypothalamic structures, 
and emotional feeling results from stimulations 
of the dorsal thalamus (Cannon, 1927). The 
physiological changes and subjective feelings of 
emotion in response to a stimulus are separate and 
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Classification of emotion according to the three factors of the PAD model

Arousal  of Admiration, firm and strong, powerful, creativeP+A+D

Amazed, jittery, impressed, fascinated+P+A-D

Comfortable, leisurely, calm, satisfied+P-A+D

sympathy, obedient, careful, sleepy, calm+P-A-D

Opposite, hostile, cruel, disgusted, anger-P+A+D

Confused, distressed, humiliated, in pain, upset-P+A-D

 Indifferent, selfish, disinterested,  inattentive-P-A+D

Bored, depressed, tired, lonely, sadness-P-A-D

Table 1. Classification of emotion according to the three factors of the PAD model. Source: Mehrabian & Russell, 1974.

 Event Arousal Interpretation Emotion 

Fig. 6. James-Lange theory regarding emotion. Source: adapted from James-Lange, 1884.

 Event Arousal and emotion 

independent; arousal does not have to occur before 
the emotion. Thus, the thalamic region is attributed 
to a major role in this theory of emotion. The theory 
is therefore also referred to as the thalamic theory 
of emotion (Roeckelein, 2006). A key component 
of Cannon-Bard’s theory of emotion is that when 
thalamic discharge occurs, physiological changes 
happen almost simultaneously with the experience 
of emotion. Physiological arousal should not 
precede emotional expression. And it is according 
to Fig. 7. This theory claims that the thalamus 
region is the region of the brain responsible for 
emotional responses to stimuli (Dalgleish, 2004). 
Also, he believes that the thalamus region is the 
coordinating center of emotional reactions, and 
both physiological and emotional arousal is created 
by nerve stimulation and simultaneously (Cannon, 
1931).
Schachter-Singer’s (1962) two-factor theory of 
emotion, states that emotion is based on two 
factors: physiological arousal and cognitive 
symptoms. According to this theory, when emotion 
is felt, physiological arousal occurs (Schachter and 
Singer, 1962). In a way, in this theory, the emotion 

that a person expresses is the interpretation of 
physiological arousal. It is according to Fig. 8.
The facial feedback hypothesis, which was 
documented by Lanzetta, Cartwright-Smith & 
Eleck, (1976), is based on the speculations of 
Charles Darwin and William James and states that 
a person’s face directly affects a person’s emotional 
experience. In general, the physiological activation 
of facial areas related to specific emotions has 
a direct effect on the creation of such emotional 
states, and preventing the activation of the face 
leads to the suppression (or general nonexistence) 
of emotional states (Hennenlotter et al. 2009). 
The main principles of face feedback theory are 
shown in Fig. 9. A lot of research has been done 
on the facial feedback hypothesis and its changes, 
and even the weak version of this research has 
been supported, so facial expressions can express 
emotions (Davis, Senghas, Brandt & Ochsner, 
2010).
Lazarus  (1991) present cognitive Appraisal theory. 
This theory shows that emotion is the result of 
evaluating information from the environment 
and from inside the human body, which causes 

Fig. 7. Cannon-Bard theory  of emotion. Source: Adapted from Cannon, 1972.
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 Event Arousal Reasining Emotion 

Fig. 8. Schachter-Singer theory regarding emotion. Source: Adapted from Schachter & Singer, 1962.

 Event Arousal Facial-Feedback Emotion 

Fig. 9. Facial feedback. Source: Adapted from Lanzetta, Cartwright-Smith & Eleck, 1976.

 Event Thinking Arousal and Emotion 

Fig. 10. Cognitive Appraisal Theory. Source: adapted from Lazarus, 1991.

different reactions in people (Scherer, Shorr & 
Johnstone, 2001). Based on this, the theory of 
cognitive evaluation is consistent with Fig. 10. The 
Cognitive Appraisal theory can be divided into two 
categories: 1-pleasure or unpleasure, 2-how much 
arousal is formed. This theory has more influence 
on behavioral environment studies (Nasar, 2011).
•  The effect of architectural space on humans
Architecture has many effects on humans 
(Williams Goldhagen, 2017), the built environment 
affects humans on a cognitive level (as processing 
and evaluation of perceived information) and an 
emotional level (as adaptive reactions to perceived 
information) in a continuous manner (Ledoux, 
2008). As stated, architecture has additional 
cognitive-emotional effects beyond its primitive 
features (Hietanen & Korpela, 2004). The article 
states that addressing the cognitive-emotional needs 
of users is a transcendent function in architecture 
(Eberhard, 2009; Veal, 2005). However, since 
most of the objectives of architectural design have 
been changed (Meyakawa, 1965) to objective 
and tangible issues that can be easily measured, 
so far this dimension has been less investigated 
(Changeux, 1985; Pearson, 2005).
Architecture can activate the brain and modulate 
genetic function (ANFA, 2005). As a result, 
changes in the environment have important 
effects on humans (Gage, 2003) and since 
architecture has physiological effects, changes 
in an environment can even improve creativity 

and cognitive performance (Malinin, 2014). In 
fact, even mild environmental stimulation affects 
brain development (Perry, 2002). Regarding the 
impact of architecture on humans, Pallasmaa says: 
“When I enter the space, the space enters me and 
transforms me” (Pallasmaa, 2018). Therefore, the 
importance of the built environment cannot be 
ignored, and future architecture must be formed by 
a deep study of the relationships between spaces 
and emotions (Debord, 2003). As well as, design 
experts and researchers state that the places we live 
in, whether urban landscapes, buildings, or natural 
environments, directly affect human emotions and 
consequently human health (Altman & Wohlwill, 
1976).
Due to the importance of the topic, so far research 
has been conducted on the effect of interior and 
especially residential space on mental health, 
and they have shown that the type of residential 
interior design has an impact on people’s health 
(Ranson, 1991; Ormandy, 2009; Thomson, 2005). 
Various parameters are effective in the design 
of the interior space, and factors such as light, 
color, form, materials, furniture, etc, are important 
requirements in this area (Coles & House, 2007). 
Researches in the field of mental health and 
residential interior space include interior space 
form (Banaei, Yazdanfar Hatami & Gramann, 
2017), indoor air quality (Bluyssen, 2010, types of 
materials (Ranson, 1991), brightness and daylight 
(Boubekri, 2008), domestic accidents (Ormandy, 
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2009), neighborhood (Wandersman & Nation, 
1998), humidity on public health (Ranson, 1991), 
the effect of indoor noise on health (Evans, 2003), 
Interior decoration and the effect of furniture on 
people’s health (Sakuragawa, Miyazaki, Kaneko & 
Makita, 2005).
In some studies, the effect of interior design on 
health has been investigated. In a study, two living 
rooms with the same dimensions but different 
designs using wood have been investigated. 
The results have shown that a room with simple 
decoration provides more physical relaxation and 
a room with a wood design creates more active 
and exciting moods (Tsunetsugu, Miyazaki & 
Sato, 2005). In relation to the effect of indoor 
light on health, studies have also been conducted 
and the results have proven that lights with low 
color temperatures reduce the alpha intensity and 
it is recommended to use such colors in bedrooms 
(Noguchi & Sakaguchi, 1999). In another research, 
the physiological effects of indoor space have 
been investigated. In this study, color and design 
have been studied in the interior design of two real 
rooms.  Research results have shown that the level 
of arousal is higher in a room with various colors 
(Kuller, 1986). As well as, the degree of creating 
arousal in interior spaces with different colors has 
been studied and it has been determined that the 
intensity of the alpha signal under the influence of 
red color is lower than blue (Küller, Mikellides & 
Janssens, 2009).
However, so far, few studies have been conducted 
on the effect of interior space on emotion as an 
effective parameter of mental health. In addition, 
some studies conducted in the past have used 
qualitative methods. Nevertheless, today, with 
the rapid progress of science and technology, 
researchers are now able to clarify the neuro-
physiological impact related to emotions using 
medical techniques (Mavros, Austwick & Smith, 
2016; Roe, Aspinall, Mavros & Coyne, 2013). 
One of the emerging fields that have been 
influential in the field of emotion measurement is 

neuroscience. Researchers in this field use devices 
such as electroencephalogram (EEG) to measure 
electrical activity and functional near-infrared 
spectroscopy (fNIRS) to measure the production 
of oxygen-deoxyhemoglobin cortex as a link to 
neural activity, or functional magnetic resonance 
imaging (fMRI), or others to achieve emotions 
affected by the environment by analyzing brain 
activities (Tsunetsugu, Miyazaki & Sato, 2005). 
Neuroscience is a modern and interdisciplinary 
science that has taken an effective step in promoting 
healthy architecture using new tools. Therefore, 
in the following, a definition of neuroscience is 
presented and how it is connected with architecture 
is explained.
•  Neuroscience
Neuroscience is the science that studies the brain 
and the nervous system (Kandel, 2013), and since 
the human brain is physiologically very similar, 
neuroscience provides insights into the functioning 
of the nervous system in general (Grabenhorst & 
Rolls, 2011; Kircher & David, 2003). Neuroscience 
has various specialized fields (Breedlove & 
Watson, 2019), which has caused it to focus more 
on other fields such as cognitive neuroscience, 
behavioral neuroscience, neuroscience and 
Neurophysiological neuroscience, and sensory 
neuroscience (Solms & Turnbull, 2002). It also 
studies specifically in relation to architectural 
space (Clément & Reschke, 2010). Considering the 
influence of neuroscience in architecture (ANFA, 
2005), this emerging discipline can quantify 
the effects of architecture on humans, improve 
architectural designs and add quality to the user’s 
life and improve the health of users (Eberhard, 
2009; Edelstein, 2006).
In traditional approaches, studies had limitations 
in instruments and appraisal (Bateson & Hui, 
1992). For example, the use of photos and videos 
as instruments stimulate only a few interactions 
with reality (Ijsselsteijn, de Ridder, Freeman & 
Avons, 2000). Also, appraisals involving self-
reports are prone to bias because they consider 
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only the conscious aspects of human responses 
(Schwarz & Strack, 1999). This issue becomes 
important because most emotional processes 
occur at the unconscious level (Zaltman, 2003). 
However, neuroscience has made new paths 
possible for researchers using neuroimaging 
techniques. Accordingly, researchers record brain 
responses non-invasively (Dirican & Göktürk, 
2011; Ray et al., 2003), and have been able to 
observe the responses of healthy subjects under 
controlled conditions (Fairhall & Ishai, 2008; Ishai, 
Fairhall & Pepperell, 2007). Various instruments 
are used to record changes in the Central nervous 
system  (CNS), Autonomic nervous system 
(ANS), and  Somatic nervous system (SNS) 
(Bagozzi, 1991). The CNS consists of the brain 
and the spinal cord, and common instruments for 
its study include functional magnetic resonance 
imaging (fMRI), Electroencephalography (EEG), 
and Magnetoencephalography (MEG). fMRI 
measures neural activity indirectly by detecting 
changes in magnetic properties associated with 
blood flow (Soares et al., 2016). EEG measures 
electrical field fluctuations caused by ionic 
currents caused by neural activity in the brain, 
mainly cortical areas because they are the most 
superficial (Cohen, 2017). MEG measures the 
magnetic fields created by the ion current. ANS, 
which is part of the peripheral nervous system, 
controls involuntary actions (Boto et al., 2018). 
Also, the SNS is a part of the peripheral nervous 
system that is associated with voluntary movement, 
each of which has different tools that are beyond 
the scope of this article. In addition to measuring 
instruments, simulating the built environment to 
conduct experiments and studies is an important 
problem and challenge in this field, and today’s 
new technologies have overcome these limitations. 
As an example, virtual reality (VR) can often be 
simulated to create stimuli in a realistic, immersive, 
and interactive manner (Rheingold, 1991) in vitro 
and under controllable conditions (Vince, 2004). 
Regarding the assessment limitation, neuroscience 

and related technologies allow researchers to record 
and interpret human behavioral, physiological, 
and neural responses (Winkielman, Berntson & 
Cacioppo, 2001). It has a high level of objectivity 
(Poels & Dewitte, 2006) and continuous monitoring 
is one of the advantages of this new approach 
(Reinerman-Jones, Cosenzo & Nicholson , 2010). 
Neuroscience researchers have long explored the 
concept of environmental enrichment (EE). In 
EE experiments, animals have been placed in a 
residential area that has created an opportunity 
to increase sensory, cognitive, motor, and social 
stimulation. In the results, it has been determined 
that the EE condition for animals has led to 
behavioral, cellular, and molecular changes, as 
well as disease improvement in some neurological 
conditions, compared to the conditions of the neutral 
built environment (Nithianantharajah & Hannan, 
2006; Van Praag, Kempermann & Gage, 2000). This 
is because enriched environments induce higher 
levels of brain activation that lead to molecular 
changes in neuronal function and neuroplasticity 
(Fox, Merali & Harrison, 2006). Despite the positive 
effects of these tests, the application of EE in human 
models has many complications and is therefore 
less developed (Clemenson, Deng & Gage, 2015; 
McDonald, Hayward, Rosbergen, Jeffers & Corbett, 
2018).
This emerging knowledge has made the fields of 
research on how architectural space influences 
humans in other fields to be provided. Neuroscience, 
a knowledge focusing on the brain and new 
instruments for measuring brain activities, has 
expanded the field for studies in the new paradigm 
of neuroarchitecture (Dazkir & Read, 2012; Dinis, 
Duarte, Noriega, Teixeira, Vilar & Rebelo, 2013; 
Küller, Ballal, Laike, Mikellides & Tonello, 2006; 
Roessler, 2012). Neuroarchitecture, which has filled 
the research gap of environmental psychology, 
architecture, and neuroscience, as a new paradigm, 
will influence the future of architecture.
•  Neuroarchitecture
Looking at the past, some developments 
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influenced by Gestalt psychology founded the 
use of neuroscience in architecture (Jelić, 2015). 
The works of von Hayek (von Hayek, 1952) and 
Arnheim’s research (Arnheim, 2004) in the field 
of psychology of art and understanding images are 
examples of this field. Beyond Gestalt (Hebb, 1949) 
took steps towards the function of neuroscience in 
architecture by developing a theory about how the 
brain creates complex psychological phenomena. 
Neutra created one of the first contemporary 
formulas for combining neuroscience knowledge 
with architecture (Neutra, 1954). Later authors 
coined the term “Neurophenomenology” and tried 
to reconcile the scientific approach with experience 
(Vijayan & Embi, 2019). In the same way, since 
neuroscience, compared to the basic methods, had 
significant advantages for measurement, it received 
more attention and progress (Ulrich, 1981). 
The initial ideas for the connection between 
neuroscience and architecture were proposed in 
the 1950s by a life science researcher who was 
struggling to solve a problem. After changing 
his environment and building, he noticed their 
impact on his problem-solving process and 
became interested in the impact of architecture on 
people’s health and efficiency. After that, Jonas 
Salk commissioned Louis Kahn to design the Salk 
Institute and asked him to pay attention to the 
effects of the environment on humans in his design 
(Sternberg, 2010). In 2003, “The Academy of 
Neuroscience for Architecture” was established in 
San Diego and has prepared the way for activities 
in this field by organizing seminars and workshops 
(ANFA, 2003). 
The emerging interdisciplinary field of 
neuroarchitecture aims to develop conceptual 
paradigms and empirical frameworks based on 
the interaction between the brain, body, and built 
space (Chiamulera et al., 2017). Determining 
whether a built environment affects our well-
being is an important concern, especially when 
we consider the interaction of the human brain 
with architectural settings. Neuroscience studies 

can contribute to a set of knowledge that explains 
why buildings and places affect the people who use 
them (Eberhard, 2009). Some researchers describe 
neuroarchitecture as a field in which architects 
collaborate with neuroscientists to scientifically 
investigate the relationship between people and 
their environment (Ezzat Ahmed and Kamel, 2021). 
In general, the main goal of neuroarchitecture is to 
study the impact of the built environment on the 
nervous system, which is a manifestation of human 
perception and an indicator of psychological 
well-being (Bluyssen, 2010; Pykett, 2015). 
By understanding how the brain perceives its 
environment, neuroscience can improve the design 
process, design strategies, and regulations that will 
ultimately improve human health and well-being 
in the future (Eberhard, 2009; Dougherty & Arbib, 
2013; Azzazy, Ghaffarianhoseini, Naismith & 
Doborjeh, 2021). 
There are two fields of study, the design process 
and the experience of architectural space in 
neuroarchitectural studies (Arbib, 2015). 
In connection with the design processes, it 
examines proposals related to how to integrate 
the knowledge obtained from the neuroscience 
function in architecture, and the investigated 
aspects (Banasiak, 2012; Manganelli, Green, 
Brooks, Mocko, Walker & Healy, 2012) in the 
experience of architectural space are focused 
on components such as light, sound, vegetation, 
and the daily activities orientation in the space 
(Hoffman, 2012). In line with these studies, they 
have proven the impact of light on human health 
(Ellis, Gonzalez & McEachron, 2013) and the 
improvement of users’ experience of space due to 
the presence of appropriate light (Edelstein, 2009). 
In addition, these studies have proven that noise 
and lack of vegetation will cause stress (Glaser & 
Kiecolt-Glaser; Ulrich, 1979), which has a negative 
effect on longevity (Glaser & Kiecolt-Glaser, 
2005), or they have shown the positive effect of 
landscape on the recovery of patients (Ulrich, 
1984). In addition, environmental stimulation 
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caused by classroom design has been investigated, 
which can improve students’ performance (Al-
Ayash, Kane, Smith & Green-Armytage, 2015). 
Also, according to the concept of a healing 
environment (Stichler, 2001), various studies have 
been conducted on the therapeutic benefits of the 
environment (Pinter-Wollman, Jeli´c & Wells, 
2018). The results of neuroarchitecture studies 
show that the neuroscience function in architecture 
as an emerging field still has room for further 
improvement. It has also improved the quality 
of studies related to the impact of architectural 
space on human emotions. By providing new 
study tools and methods to investigate emotion, 
neuroarchitecture has provided researchers with a 
little data that have high measurement validity. In 
the following, some studies in this field have been 
introduced and reviewed.

•  The effect of architectural space on human 
emotion in neuroarchitectural studies
The subject of the effect of architectural space 
on emotion has been given attention in recent 
years. The research results indicate that the built 
environment has an effect on human emotional 
reactions and shows how these effects occur, and 
the results of these studies based on neuroscience 
instruments promote architectural designs that 
have a significant impact on people’s mental health 
(Roe, Aspinall, Mavros & Coyne, 2013). As well 
as, neuroscience has been widely used in studying 
the cognitive-emotional dimension of architecture 
(Linaraki & Voradaki, 2012). 
Some studies of emotion based on neuroscience 
have been in the field of architecture and some in 
the field of urban planning. Roe, Aspinall, Mavros 
& Coyne, (2013) using a mobile EEG device and an 
emotive program, investigated people’s emotions 
towards an urban environment with a street 
with shops, an urban landscape, and a crowded 
commercial street in terms of different emotions 
formed in people (Roe, et al., 2013). Vartanian et 
al. (2013) measured the beauty and its impact on 

decision-making by showing images from the 
external environment of architecture (Vartanian 
et al., 2013). Carmona (2014) studied the urban 
environment using smartphones to record people’s 
emotions toward the environment and measure 
them by EEG (Carmona, 2014). In addition to the 
mentioned cases, other research has been conducted 
about the impact of the built environment on human 
emotions, in which different dimensions of emotion 
such as fear, sadness, joy, arousal, and disgust, as 
well as emotion and the process of emotion, have 
been investigated that is presented in Table 2.
Neuroarchitectural researches related to emotion 
generally use visual stimuli. As it is known in the 
research, the most widely used tools to measure 
emotion are fMRI and EEG. EEG is one of the 
most advanced techniques and the most widely 
used tool, which measures the fluctuations of 
electrical signals throughout the brain using 
sensitive electrodes placed on the human scalp. 
Electrical signals are instantly collected from 
multiple electrode sites, resulting in the real-time 
mapping of brain activity (Nidal & Malik, 2014). 
In this method, caps with electrodes are used, so the 
person can move during the test and it is the best 
option for conducting architectural tests (Danesh 
Sani, Safania & Poursoltani, 2017). Following that, 
fMRI is the most widely used advanced device that 
produces images with low thicknesses and different 
sections of the body (Jalali Kondori, Rahimian, 
Asadi & Tahsini, 2014). But due to the lack of 
movement of the participant in the experiment, it 
has limitations.
Using this tool, researchers report different areas 
of the brain that are activated by visual stimuli. 
For example, in the research, that examines the 
emotion process (Jalali Kondori, Rahimian, Asadi 
& Tahsini, 2014), the medial part of the anterior 
lip of the amygdala was activated. When emotion 
is expressed in the form of fear, the amygdala 
is activated, and when sadness, the cingulate 
cycloplegia is activated (Phan, Wager, Taylor & 
Liberzon, 2004), and when joy is expressed as one 
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Monitoring 
technology

TitleYearauthorArchitectural
Context

EEGAnterior cerebral asymmetry and the nature of emotion1992DavidsonEmotion induction by 
visual stimuli fMRIEmotional arousal and activation of the visual cortex: an fMRI 

analysis. Psychophysiology
1998Lang et al.

EEGBrain potentials in affective picture processing: Covariation with 
autonomic arousal and affective report

2000Cuthbert, 
Schupp, 
Bradley, 

Birbaumer & 
Lang

fMRIFunctional Neuroimaging Studies of Human Emotions2002Phan, Wager, 
Taylor & 
Liberzon

EEGAnalysis of Evoked EEG Synchronization and Desynchronization 
in Conditions of Emotional Activation in Humans: Temporal and 

Topographic Characteristics

2004Aftanas, Reva, 
Varlamov, 
Pavlov & 
Makhnev

fMRIThe role of the amygdala in emotional processing: A quantitative 
meta-analysis of functional neuroimaging studies

2008Sergerie, 
Chochol & 

Armony

EEGHuman brain EEG indices of emotions: Delineating responses to 
affective vocalizations by measuring frontal theta event-related 

synchronization

2011Bekkedal, 
Rossi & 

Panksepp

fMRIThe role of the amygdala in emotional processing: A quantitative 
meta-analysis of functional neuroimaging studies

2008Sergerie, 
Chochol & 

Armony

Emotion process

EEGFundamentals of EEG measurement2002Teplan

fMRIFunctional Neuroimaging Studies of Human Emotions2002Phan, Wager, 
Taylor & 
Liberzon

Fear/discomfort

EEGAffective picture processing: event-related synchronization within 
individually defined human theta band is modulated by valence 

dimension

2001Aftanas, 
Varlamov, 

Pavlov, 
Makhnev & 

Rev

Happiness

EEGAffective picture processing: An integrative review of ERP findings2008Olofsson

fMRIMapping a multidimensional emotion in response to television 
commercials

2009Morris, Klahr, 
Shen, Villegas, 
Wright & Liu

fMRILateralization of affective processing in the insula2013Duerden, 
Arsalidou & 

Taylor

EEGEffects of emotional arousal in the cerebral hemispheres: a study of 
oscillatory brain activity and event-related potentials

2001Keil, Müller, 
Gruber, 

Wienbruch, 
Stolarova & 

Elbert

Arousal

EEGTime-dependent cortical asymmetries induced by emotional 
arousal: EEG analysis of event-related synchronization and 
desynchronization in individually defined frequency bands

2002Aftanas, 
Varlamov, 

Pavlov, 
Makhnev & 

Reva

fMRIFunctional neuroanatomy of emotions: A meta-analysis2003Murphy,
Nimmo-Smith 
& Lawrence

Disgust

fMRIFunctional atlas of emotional faces processing: a voxel-based meta-
analysis of 105 functional magnetic resonance imaging studies

2009Fusar-Poli 
et al.

Table 2. Neuroarchitectural studies regarding the effect of architectural space on emotion. Source: Authors.
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of the dimensions of fear, the anterior cingulate 
and the posterior middle cingulate of the insula are 
activated (Morris, Klahr, Shen, Villegas, Wright & 
Liu, 2009; Aftanas, Varlamov, Pavlov, Makhnev 
& Reva, 2001; Olofsson, Nordin, Sequeira & 
Polich, 2008, 2008). When the other dimension of 
emotion, arousal, occurs, the right parietal sinus 
fold and the right anterior sinus fold (Aftanas, 
Varlamov, Pavlov, Makhnev & Reva, 2002; Keil, 
Müller, Gruber, Wienbruch, Stolarova & Elbert, 
2001), and t»e insula is activated when disgust 
occurs (Fusar-Poli et al., 2009; Murphy, Nimmo-
Smith & Lawrence, 2003). However, since the 
present study focuses on the research of the impact 
of the physical components of the interior space on 
architecture, so the interpretation of the results of 
the stated research is limited to this amount.

Studies and surveys (research method 
process)
The studies that have been conducted in the field 
of the effect of interior space on emotion using 
neuroarchitecture are divided into two categories: 
experimental and theoretical studies. They have 
also investigated the methods that are currently 
used to measure emotion. In this regard, a 
systematic review research method has been used. 
In a systematic review, a more objective critical 
review can be performed carefully, systematically, 
and planned to identify all relevant studies (Egger, 
2001). In addition, systematic reviews identify 
inconsistencies between existing research evidence 
(Cook and Mulrow, 1997). The main advantage 
of systematic reviews is that the “weight of the 
data” precludes the application of personal opinion 
and author bias (Hall, 2003), and summarizes the 

results of several original studies using strategies 
with minimal error (Mulrow, 1987; Cook, Mulrow 
& Haynes, 1997). A systematic review has criteria 
in its protocol that include the following Fig. 11 
(Higgins and Green, 2008):

Inclusion Criteria
To define the inclusion criteria, several components 
have been specified to make the research path more 
precise. The components include search terms, 
variables used in studies, measuring instruments, 
and the publication date of a paper. In addition to 
the defined criteria, the studies must have focused 
on demography, and the studies that were conducted 
on animals were excluded from the present review.
Terms: In this review, the difference between 
the words affection, mood, and emotion is 
given special attention. These three words have 
separate and different definitions in neuroscience 
and psychology, and since the current review 
focuses on emotion, studies including two other 
words (affection and mood) are excluded from 
the review process. Keywords include emotion, 
architecture, built environment, interior space, and 
specialized keywords about human responses to the 
environment.
Measurement variables: The search was limited 
to reviewing physiological variables related to 
“architectural interior space” or “built environment 
interior space”. In this process, the studies that dealt 
with the impact of social, cultural, and behavioral 
factors and clinical studies have been excluded. 
Studies must include some form of virtual 
environment (VE) such as VR, CAVE, AR, or XR 
as a controlled study environment, or be tested 
in physical spaces or other multisensory media 

 1 2 3 4 5 6 

Review 
question 

Inclusion 
criteria 

Locate 
studies 

Select 
studies 

Assess 
study 
quality 

Extract 
data 

Fig. 11. Systematic review research process. Source: Adapted from Higgins & Green, 2008.
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(images, videos, etc.), and studies that investigated 
the emotion using two-dimensional images, have 
been excluded from the review process.
Measuring instruments: In experimental studies of 
emotion investigation, two methods of objective 
and subjective measurement can be measured. 
Objective measurements of physiological 
responses as definitive data of emotion make the 
impact of architecture on humans completely 
clear, and subjective measurements are cognitive 
and self-reporting methods. In objective 
measurements of studies, neuroscience tools such 
as electroencephalogram (EEG), electrocardiogram 
(ECG), functional magnetic resonance imaging 
(fMRI), galvanic skin response (GSR) as skin 
resonance (SRC), measurement of changes in 
blood oxygenation(fNIRS) should be used and also 
a combination of techniques showing ANS/CNS 
response have been investigated. The subjective 
measuring instrument of emotion should also 
include questionnaires, surveys, self-assessment 
Manikin (SAM), Likert scales, verbal responses, or 
other items as a type of subjective self-assessment 
response.
Publication date: Due to the nascent nature of this 
research field, as well as the rapid development 
of technology, the search was limited to studies 
published between January 1, 2010, and January 
1, 2020. In addition, according to the review of 
studies before 2010 based on Table 2, the interior 
space has been investigated less and its features 
do not meet the inclusion criteria for the current 
review. To extract the relevant data, the following 
steps were taken. 

Searching and Identifying Studies
First, two electronic databases (ProQuest and 
Scopus) were selected as valid directories for the 
publication of experimental studies. Possibilities 
for advanced search, and modifying inclusion 
and exclusion criteria, helped the researchers 
identify the sources. Then, three Elsevier databases 
including EMBASE, ScienceDirect, and Scopus 

were used for identification. Searches were 
reviewed with a set of keywords in the title, 
abstract, keywords, questions, and hypotheses. In 
addition, systematic review databases; MEDLINE; 
PsycINFO, and Web of Science were also 
investigated. In addition, several articles were 
investigated as a manual search by checking the 
sources of the articles that were eligible. Google 
Scholar and Researchgate websites were also used 
to manually check the reference list of the selected 
articles, and using the tools available on these 
two websites, the articles that cited the selected 
articles were reviewed. It was ensured that relevant 
material not identified by electronic databases was 
included in the present review.
•  Selecting studies
The search limits of articles were set in three 
groups. Three groups related to search terms 
were defined as follows: 1) Keywords related to 
experiments, stimuli, and design variables useful 
for finding studies related to architecture and the 
built environment; 2)Terms related to “methods” 
to study human emotional and neurophysiological 
responses to those stimuli and 3) keywords related 
to scientific terms for human response to external 
stimuli and different methods of revealing human 
conscious and unconscious processes. In each 
group, the “OR” function has been used to expand 
the search result. Among groups, the “AND” 
function was used to limit the number of search 
results and ensure that each search result provided 
at least one keyword.
•  Assessing study quality 
In this review, to check the quality of the work, two 
reviewers have independently studied the extracted 
sources and the reasons for accepting and rejecting 
them have been presented. Since there were no 
disagreements between reviewers, the agreement 
between two reviewers was also determined using 
Cohen’s kappa coefficient (K) test and was finally 
approved by the reviewer, and finally, all articles 
were approved by the authors and entered the 
review.
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•  Extracting the data
Initially, 208 results (170 from ProQuest; 38 from 
Scopus) were identified based on the specified search 
terms. After some iterations, the keyword group 
consisting of terms to be excluded was applied to the 
database and 65 studies were obtained. Meanwhile, 
some studies were excluded. 
Excluded studies included those that were out of 
the research criteria. Some studies investigated the 
relationship between emotion and placement in 
urban spaces (Chen et al., 2018; Ojha et al., 2019). 
Some other studies have investigated the impact 
of outdoor built environments on emotion (Kirk, 
Skov, Christensen & Nygaard, 2009; Pati, O’Boyle, 
Hou, Nanda & Ghamari, 2016). Other studies had 
ambiguities in the selection of participants and did not 
apply some of their mentioned criteria, for example, 
the participants were selected from the study group of 
the same university (Radwan & Ergan, 2017; Sharma, 
Kaushal, Chandra, Singh, Mittal & Dutt, 2017) or 
they did not state how to control the participants and 
the study environment (Elbaiuomy, Hegazy & Sheta, 
2018; Zhang et al., 2010). In addition, some studies 
did not use modern tools of neuroscience and only 
used questionnaires and surveys, which will cause 
errors due to the lack of objective information in 
the results of the study (Rodríguez, Rey & Alcañiz, 
2011).   In general, the current review process and its 
criteria are presented in Fig. 12.
•  Final results
The studies that were excluded after the review had 
a high practical value and had important study bases, 
but they did not meet the inclusion criteria. Studies on 
the effect of indoor space on humans are extensive, 
but studies have investigated various components 
such as stress, attention, emphasis, the experience of 
space, and routing. Therefore, due to the value of the 
studies, they are summarized in Table 3.  Then, the 
final results were reviewed and analyzed.
After displaying the titles, abstracts, and literature 
review of the manual search, 7 final studies were 
identified and agreed upon by the authors. These 
studies were subjected to a full-text screening 

systematic review, whereby the main variables in 
each study were grouped to identify similar trends. 
Also, among these studies, there were several studies 
by the same author that were published in two articles, 
which were considered as one article (Vartanian et al., 
2015; Vartanian et al., 2013; Vecchiato et, Jelic, Tieri, 
Maglione, Matteis & Babiloni, 2015a; Vecchiato, 
Tieri, Jelic, De Matteis, Maglione & Babiloni, 2015b). 
Table 4 presents the final articles.

Findings 
Based on the final results of the review, 7 articles had 
all the defined research criteria. Each of the articles 
on the impact of one of the physical components of 
the interior space of architecture on emotion has had 
studying, which is presented in Fig. 13.
•  Form
Among the final articles of this review, three articles 
have studied the effect of the form and geometry of 
the interior space of architecture (Banaei, et al. 2017; 
Vartanian et al., 2013; Shemesh, et al., 2017). Banaei, 
Yazdanfar, Hatami & Gramann, (2017) have studied 
the form of the interior living room space with the aim 
of investigating the neurophysiological correlation 
of different interior forms on the emotions of the 
perceivers and the accompanying brain activities.
To fully understand the form of the interior space, 
after extracting clusters of form features through 
the images of the interior space, they have modeled 
the room models in three dimensions. A mobile 
brain/body imaging (MoBI) approach and an 
electroencephalogram (EEG) device have been used 
to record the participants’ brain activities during 
spatial perception while the participants were moving 
in the modeled space. This study has provided a 
new opportunity to use EEG and mobile VR in 
architectural studies to investigate the human brain 
in participants who actively explore and experience 
architectural spaces in real life (Banaei, et al., 
2017). 
The results of this study have shown a strong effect 
of curved geometries on activity in the anterior 
cingulate cortex (ACC). Theta band activity in ACC 
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 1. Question 

Which physical components of the interior space of architecture affect emotion? What effect has their exposure 
had on neurophysiological emotion? And how do these emotions appear? 

2. Inclusion criteria 

 
3. Searching studies 

 

4. Selecting studies 5. Assessing study 
quality 

keywords: 

  Emotion/ architecture/ 
built environment/ 

interior space 

Measurement variables: 
Physiological 

components of interior 
space 

Using VR, CAVE, AR or 
XR virtual environment 
or multi-sensory media 

Measurement tools: 

Objective tools: EEG, 
ECG, fMRI, GSR, SRG, 

fNIRS, CNS/ANS 

Mental tools: 
questionnaire, survey, 
self-assessment (SAM) 

Release year: January 1, 
2010 to January 1, 2020 

Scopus/ ProQuest Setting the limit of 
three groups: 

  1- Keywords related 
to experiment, stimuli 
and design variables 

2- Keywords 
methods, emotional 

and neurophysiological 
responses 

3- Keywords of 
scientific terms of 
human response to 

stimuli 

OR function to 
expand the search 

result 

AND function to 
limit the search 

results 

Reviewed by two 
reviewers 

Examining the level of 
agreement by Kappa 

test 

Confirmation by 
reviewers and authors 

Elsevier: EMBASE/ 
Science Direct/ 

Scopus 

MEDLINE/ 
PsycINFO/ Web of 

Science 

Google Scholar/ 
Researchgate 

6. Extract data 

 

208 final results: 170 from ProQuest; 38 of Scopus 

7 final studies meeting all review criteria 

Exclusion of 143 duplicate studies 

Exclusion of 58 studies due to differences in the studied 
component or ambiguity 

Fig. 12. Systematic review process. Source: Authors.

is related to a variety of specific features (rs(14)= 
0.525, p= 0.037) and geometry (rs(14)= 0.579, p= 
0.019),which provides evidence for the role of this 
structure in the processing of architectural features. 
Beyond their emotional impact, the posterior 
cingulate cortex and the occipital lobe were 
involved in the perception of different perspectives 

of the room during the walking through the rooms, 
indicating that curved spaces reported more 
pleasure, and the smaller the curvature of the space, 
the more pleasure and pleasantness has been lower.
Vartanian et al. (2013) sought to investigate 
how interior space changes affect aesthetic 
judgments and decision-making. In order to 
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TitleAuthorAuthor

Impact of contour on aesthetic judgments and approach-avoidance decisions in 
architecture

2013Vartanian et al.1

Architectural design and the brain: Effects of ceiling height and perceived enclosure on 
beauty judgments and approach-avoidance decisions

2015

Neurophysiological correlates of embodiment and motivational factors during the 
perception of virtual architectural environments

2015aVecchiatoet al.2

Electroencephalographic correlates of sensorimotor integration and embodiment during 
the appreciation of virtual architectural environments

2015bVecchiato, et al.

Affective response to architecture – investigating human reaction to spaces with different 
geometry

2017Shemesh, et al. & Grobman3

Human physiological responses to the wooden indoor environment2017Zhang, Lian & Wu4

Walking through architectural spaces: The impact of interior forms on human brain 
dynamics

2017Banaei, et al.5

Sensorimotor brain dynamics reflect architectural affordances2019Djebbara, et al.6

Effects of biophilic interventions in an office on stress reaction and cognitive function: A 
randomized crossover study in virtual reality

2019Yin, et al.7

Table 4. The final studies included in the review. Source: Authors.

Monitoring technologyTitleAuthor(s),YearArchitectural 
space

Architectural
Context

EEG, heart rate monitor, ECGUse of biometric data and EEG to assess the 
architectural quality of two office sp

aces: a pilot experiment

Bacevice & Duco 
(2022)

OfficeHuman experience

EEG, b-Alert x10. EDA 
(Shimmer 3GSR+ device) HRV 

(b-Alert x10 device)

Multisensory stress reduction: a neuro-
architecture study of pediatric waiting rooms

Higuera-Trujillo, et 
al. (2020)

health center

EEGProbing phenomenological experiences 
through electroencephalography brainwave 

signals in neuroarchitecture study

 Vijayan & Embi
)2019(

Mosque

EEGBuilt Environment Evaluation in Virtual 
Reality Environments—A Cognitive 

Neuroscience Approach

Hu & Roberts 
(2020)

Residential 
building

Attention and 
emphasis

EEG 1 channel, NeuroSky, 
MindWave

Examining wayfinding behaviors in 
architectural spaces using brain imaging with 

electroencephalography (EEG)

Erkan (2018)Interior designWayfinding

EEGNeural representation of different 3D 
architectural images: an EEG study

Murcia, et al., 
(2019)

Residential 
building 

(Bedroom)

Aesthetics 
judgment

aesthetic judgment tasks, and 
rankings

The spatial frequencies influence 
the aesthetic judgment of buildings 

transculturally

Vannuci, et al. 
(2015)

Building Facade

EEGBedroom design orientation and sleep 
electroencephalography signals

Hekmatmanesh, et 
al. (2019)

BedroomReducing stress

Table 3. Studies on the effect of indoor space on experience, attention, routing, aesthetics, and stress reduction.   Source: Authors.

study eight different images of the interior of the 
architecture, which have curved, and orthogonal 
forms; they were examined in two stages. In the 
implementation of aesthetic judgments, in addition 
to using fMRI, the participants were taught to 
answer “beautiful” or “ugly” by viewing each 

stimulus. In the avoidance approach, participants 
were instructed to respond with “inclusion” or 
“exclusion” after viewing each stimulus to indicate 
whether this was the space they wanted to enter 
or exit. After completing the fMRI scans, they 
collected “aesthetic” and “pleasure” ratings for 
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 Physical components of the interior space contributing to architecture triggering excitement 

Form Material & 
texture Furniture 

Ceiling 
height 

Architectural 
details   

outdoor 
towards 
nature 

Banaei, 
Yazdanfar, 
Hatami & 
Gramann, 

2017; 
Vartanian et 

al., 2013, 
Shemesh, 

Talmon, Karp, 
Amir, Bar & 

Grobman, 
2017  

 

Zhang, Lian 
& Wu, 2017 

 

Vecchiato, 
Tieri, Jelic, 
De Matteis, 
Maglione & 

Babiloni, 
2015b; 

Vecchiato et, 
Jelic, Tieri, 
Maglione, 
Matteis & 
Babiloni, 

2015a 

 

Vartanian et 
al., 2013, 

2015 

 

Djebbara, 
Fich, Petrini 
& Gramann, 

2019 

 

Yin, Arfaei, 
MacNaughton, 

Catalano, 
Allen & 

Spengler, 2019 

 

Fig. 13. Physical criteria in the final results of the systematic review. Source: Authors.

all stimuli and performed parametric analyses to 
further examine the relationship between brain 
activation and aesthetic appraisal (Vartanian et al., 
2013).
The results of the research indicate that 
judging about aesthetics of curved interior 
spaces exclusively activates the ACC, and this 
indicates that the pleasure rating was higher 
in these conditions than in interior spaces. 
Complementing this finding, agreeableness the 
dimension of affective circle valence accounted 
for approximately 60% of the variance in aesthetic 
ratings. In contrast, contour does not influence 
avoidance approach decisions, although curved 
spaces activate the visual cortex. The results show 
that the established effect of contour on aesthetic 
preference can be extended to architecture. 
Furthermore, our combination of behavioral and 
neural evidence emphasizes the role of emotions in 
our preference for curved objects in this domain.
Shemesh, Talmon, Karp, Amir, Bar & Grobman 
(2017) have conducted a multifaceted study to 

achieve a better understanding between three-
dimensional space geometry and human emotion. 
This study has created a framework and method 
for experimental investigation and measurement of 
human reaction to different types of architectural 
space geometries. This study includes two stages 
where the audience experiences four spaces with 
different geometries. Meanwhile, human reactions 
have been investigated by two quantitative and 
qualitative methods, which included a questionnaire 
in the first experiment and advanced sensors and 
data analysis in the second experiment. VR and EEG 
recorded the experiments.  This research has pointed 
to gaps in human understanding of the relationship 
between emotion and architectural space“in general 
and in particular” the geometry of architectural space 
(Shemesh, Talmon, Karp, Amir, Bar & Grobman, 
2017).
The results of this study showed that participants 
without design expertise tend to prefer curved spaces 
and show great interest in these spaces. Participants 
with a design background tended to prefer spaces 
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with sharp angles. The preliminary results from the 
second phase of the research show the ability of the 
unconscious brain of the participants to understand 
symmetrical spaces differently from asymmetrical 
spaces.  No difference was detected between positive 
and negative responses in the current setting, and there 
was no correlation between how subjects responded 
to the space geometry in the first phase and direct 
measurements.
•  Furniture
Vecchiato, et al. (2015b), Vecchiato et al. (2015a)  
investigated the arrangement and type of furniture in 
the interior of the bedroom and its effect on emotion. 
In this study, three architectural spaces were shown 
to the audience using the immersive virtual reality 
environment of VEs, and EEG-recorded brain activities. 
Afterward, participants were asked to describe their 
experiences in terms of familiarity, novelty, comfort, 
pleasure, arousal, and presence using a rating scale of 
1 to 9. The collected scores were then used to analyze 
EEG power spectral density (PSD) for each behavioral 
dimension in theta, alpha, and mo bands using time-
frequency analysis and topographic statistical maps 
(Vecchiato, et al., 2015b; Vecchiato et, et al, 2015a). 
Presence in the tested space of this study led to 
frontal midline theta activation, which indicates the 
involvement of sensory-motor integration mechanisms, 
and this is when they spent more time in the virtual space. 
Similar patterns also define the familiar and comfortable 
virtual space experience. In addition, pleasant virtual 
spaces increase theta power in visuomotor circuits and 
activate the alpha band in regions dedicated to spatial 
exploration and processing of spatial categorical 
relations. Finally, the lack of coordination of rhythm 
described the perception of pleasant and comfortable 
spaces, which indicated the involvement of left motor 
areas and embodied mechanisms for the perception of 
the environment. Overall, these results demonstrate 
the possibility of measuring the EEG correlates of 
architectural perception, which includes the brain 
circuits of sensorimotor integration, spatial navigation, 
and visualization. These observations can help test 
architectural hypotheses to design environments that 

meet the changing needs of humans. The result of this 
study shows that the perception of pleasant and modern 
interior spaces activates visual-spatial processing 
areas in the frontal-occipital network and indicates the 
involvement of motor and cognitive processes during 
the evaluation of spaces and will stimulate positive 
emotions.
•  Material & texture
Zhang, Lian & Wu (2017) stated the purpose of the study 
was to investigate distinct physiological responses to 
wooden and non-wooden indoor environments. In this 
study, different types of indicators in interior design have 
been investigated from the perspective of three different 
types of space that have wooden texture or steel and 
concrete or white plaster, which has caused significant 
differences in the physiology of the participants. By 
investigating Electrocardiography, blood pressure, 
Electro-dermal activities, Oxyhemoglobin saturation, 
and Near distance vision were recorded when exposed 
to different conditions in the rooms, and these 
physiological responses were evaluated in 90 minutes 
(Zhang et al., 2017). 
The results showed that there was less tension and 
fatigue in the wooden rooms than in the non-wooden 
rooms where the participants were doing their work. 
In addition, this study showed that environments with 
wood materials were beneficial for the autonomic 
nervous system; respiratory system, and visual system. 
In addition, wooden rooms have a valuable role 
in physiological settings and ease of performance, 
especially after a consecutive work period. These results 
provide an empirical basis to support that a wooden 
environment is more beneficial for indoor occupants 
than a non-wooden indoor environment. In general, 
this study showed that the presence of materials such 
as wood, without the conscious understanding of the 
audience, changes his emotions with the ANS response 
and reduces fatigue.
•  Ceiling height
Vatanian et al. (2015) have investigated the effects 
of ceiling height and space as a visually permeable 
components on aesthetic judgments and decisions 
in architectural design. During the study, functional 
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magnetic resonance imaging (fMRI) was used to 
investigate the effects of height on humans. In this 
research, the results have been evaluated through 
two ways of analyzing behavioral effects (choice, 
avoidance, and decisions) and neurological effects 
(by fMRI) (Vartanian et al., 2015).
The results of this research show that rooms with 
higher ceilings are evaluated as beautiful spaces, and 
short and confined ceilings induce the activation of 
the anterior medial cortex (aMCC) in the audience 
to decide to leave. In particular, our aesthetic 
preference for rooms with higher ceilings appears to 
be associated with activation in parietal and frontal 
structures located in the dorsal stream that support 
visual-spatial exploration and attention, suggesting 
that aspects of spatial cognition may be calculating 
the aesthetic priority for these cases will help. There 
is also experimental evidence that the involvement 
of the temporal lobes during aesthetic judgments 
regarding open spaces may be related to their role in 
the temporal dynamics of vision or the representation 
of abstract motion, although these possibilities await 
direct testing. Finally, not only did enclosures elicit 
more avoidance decisions, but they also activated the 
aMCC (a region that receives direct input from the 
amygdala and is involved in fear processing). These 
observations raise the possibility that a reduction in 
perceived visual and motor permeability may trigger 
a negative emotional response and decision to exit the 
space.
•  Architectural details  
Djebbara, Fich, Petrini & Gramann (2019) measured 
the physiological reactions of the participants using the 
virtual environment of two connected spaces designed 
between two rooms in 3 different states: difficult to 
pass, passable, and easily passable between 20 and 150 
cm in the considered, studied. After completing the 
experiment, the participants were asked to complete the 
Self-Assessment Manikin (SAM). Because of studying 
the reactions of the participants by analyzing the EEG 
data and the SAM test, the audience’s reactions to 
the three experiments have been investigated. The 
present study provides strong evidence for imperative 

processing at early perceptual stages and links action 
and perception in a similar way to active inference 
(Djebbara, Fich, Petrini & Gramann, 2019). 
The results of this research point to a concept of the 
brain that seems to deal with “how I can act,” while 
parallel processes occur with reference to “what 
I perceive.” Therefore, these results support the 
hypothesis that the perception of the environment 
is influenced by abilities and action itself, and thus 
ability and action can influence the experience of an 
environment. Given the importance of capabilities and 
action to brain dynamics, this emphasizes the general 
idea of ​​ functionalism as a holistic approach to the 
study of cognition. The research does not emphasize 
that archi tectural details are directly represented as a 
specific component of ERP, but they provide evidence 
for a perceptual-action account of cognition, which is 
systematically differentiated according to the definition 
of abilities. Moreover, the final result of placement in 
front of doors with medium and large widths causes 
arousal.
•  Access to nature
Yin, Arfaei, MacNaughton, Catalano, Allen & 
Spengler (2019), evaluate the biophilia hypothesis 
that humans have an inherent connection with 
nature, in this regard; they evaluated three open, 
semi-enclosed and enclosed office environments. In 
addition, using virtual reality, the participants were 
placed in three designed environments and were 
recorded by monitoring ECG, GSR, eye tracking, 
heart rate, blood pressure, and skin conductance 
level, and performed qualitative cognitive tests to 
measure reaction time (Yin,et al, 2019).
The results of this study show that biophilic 
interventions can help reduce stress and improve 
creativity. Moreover, these effects are related to both 
types of biophilic elements and may differ based 
on the type of workspace (outdoor vs. indoor). This 
research shows that VR-simulated office spaces with 
access to nature reduce stress, while indoors are 
more arousal.
•  Comparison of studies
Methodology of space study: Four studies have used 



M. Zamani et al.
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....

..............................................................................
114 The Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism 

clustering and a purposeful method in the design 
of their tested space, which includes: comparing 
the space of a simple room versus 17 different 
structures(Banaei, et al, 2017), the style and type 
of arrangement of bedroom furniture against an 
empty room and a modern and advanced furnished 
environment(Vecchiato, et al, 2015b), the effect 
of texture wood in the interior environment is 
compared to an environment made of concrete and 
steel and a white room(Zhang, Lian & Wu, 2017), 
increasing the width between the two rooms in three 
different modes and changing their color(Djebbara, 
Fich, Petrini & Gramann, 2019). The other three 
studies did not provide a specific method of control 
or methodology for the design of their study 
criteria, which include: Checking the geometry of 
square, round, sharp, and curved spaces (Shemesh, 
et al, 2017), comparing outdoor with high ceilings, 
indoor with high ceilings, outdoor with short 
ceilings (Vartanian et al., 2013),  and access to 
nature outdoors versus indoors (Yin, et al, 2019). 
The methodology of the studies extracted from the 
review is presented in Table 5.

Demography: In the selection of the study 
population, there was no focus on age, gender, 
culture, or specific geographical region, and most 
of the studies randomly selected the demography. In 
the study (Zhang, Lian & Wu, 2017), the number of 
male and female participants was equal (Vecchiato 
et al, 2015a), the approximate gender equality was 
with one woman more than men, and other studies 
had an asymmetric combination of gender. No 
specific criterion has been announced in the way 
of selection and selection of the population, and it 
has only been mentioned that they are physically 
healthy and have proper vision ability. The study 
population of the studies is presented in Table 6.
The studied environment: The studied environment 
has been a real architectural space in only one 
article (Zhang, Lian & Wu, 2017). In two articles, 
the interior space of the architecture has been 
measured in an fMRI magnetic resonance imaging 
room using two-dimensional images (Vartanian 
et al.,2013, 2015), and the rest of the studies 
have investigated emotion using the VR virtual 
environment. In addition, IEQ variables, which 

Independent variablesAuthor

Enclosure and HeightVartanian et al., 2013, 2015

furnishing style in a bedroomVecchiato, et ali, 2015b; Vecchiato eet al, 2015a

Form of objectsShemesh, et al, 2017

Materiality (wood texture)Zhang, Lian & Wu, 2017

Various architectural stylesBanaei, et al, 2017

Size of the entrance between two roomsDjebbara, Fich, Petrini & Gramann, 2019

Open space VS enclosed spaceYin, et al, 2019

Table 5. Methodology of space study. Source: Authors.

Age meanStudy SizePopulation (F)Population (M)Authors

28.61587Banaei, et al, 2017

23.3918126Vartanian et al., 2013

NR42NRNRShemesh, et al, 2017

26.81257Vecchiato, et al, 2015b; Vecchiato et al, 2015a

26201010Zhang, Lian & Wu, 2017

23.3918126Vartanian et al., 2015

28.120911Djebbara, et al, 2019

26.330228Yin, et al, 2019

Table 6. The population studied in the articles. Source: Authors.
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Method of experienceAuthors

3D virtual HTC vive cheadBanaei, et al., 2017

2D image in fMRI Signal Excite HDVartanian et al., 2013, 2015

3D virtual CAVE VizTech softwareShemesh, et al., 2017

3D Virtual CAVE using 3DS Max 2011Vecchiato, et al., 2015b; Vecchiato et al., 2015a

Physical roomZhang, Lian & Wu, 2017

3D virtual spaceDjebbara, et al., 2019

3D virtual CAVE VizTech softwareYin, et al., 2019

Table 7. The studies environment of articles. Source: Authors.

include lighting, humidity, temperature, etc., are 
factors that can influence human emotions. Seven 
studies that were formed in the virtual environment 
did not provide information about the IEQ of the 
environment, and only one article (Zhang et al., 
2017) mentioned these factors and reported that the 
environment had a temperature of 22- 24 degrees 
Celsius, the humidity of 30-40%. The studies 
environment of articles is presented in Table 7.
Instruments: In choosing instruments and 
technologies to measure emotion, each study has 
a single approach and some studies have used 
a combination of instruments. Therefore, no 
comparison can be made in this regard. In general, 
the EEG tools used in three studies have been used, 
using a wet electrode or a dry electrode EMOTIV 
system. Another instrument has been in fMRI 
studies, each of which has different channels. The 
subjective measurement methods have included 
questionnaires, Profile of Mood States (POMS), 
(Slater-Usoh-Steed (SUS) and Sanchez-Vives and 
Slater and self-assessment Manikin (SAM), and the 
investigated criteria include experience, arousal, 
dominance, valence, familiarity, novelty, comfort, 
pleasure, and presence. Research instruments for 
studies is presented in Table 8.

Results
In general, the final results of the studies related 
to the physical components of the interior space 
of architecture on emotion are summarized in the 
form of Fig. 14.

Discussion of Findings
The limited number of the final results of the review 
and in general all the studies in this field indicates the 
emerging nature of this field of studies, which has 
caused limitations and challenges in the methodology, 
statistical population, and instrument. But the new 
methods of final studies also have advantages that have 
a great impact on future studies.
Limitation: Although all the final studies have 
emphasized the effect of interior architecture on 
emotion, each of them has used different methods 
and instruments to measure emotion, which has made 
it impossible to define a specific framework and a 
clear method. For this reason, they have not been 
able to repeat or even validate the findings in future 
studies. This issue indicates that this field needs more 
studies to be able to define a certain process for it. 
Another limitation of these studies is the small and 
limited statistical population, which is sometimes 
limited to a specific stratum or age, which itself limits 
the results and may not be expandable. In addition 
to the mentioned cases, the studies have various 
methods in the analysis of information, which require 
more experiments to prove the correctness of the 
methodologies and analysis of the results.
Advantage: Before the emergence of neuroarchitecture, 
most of the studies in this field were done qualitatively, 
and since its analysis and measurement depended 
largely on the researcher, which caused errors or biases 
in the results. But in the final studies of this review, 
using modern instruments of neuroscience such 
as fMRI and EEG, the results were quantitatively 
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Data analysis techniqueSubjective measurementObjective measurement toolsAuthor

-Slater-Usoh-Steed (SUS)fMRIVartanian et al., 2013, 2015

ANOVAProfile of
Moods Scale (POMS)

EEG 24- ChannelVecchiato, et al., 2015b; 
Vecchiato eet al., 2015a

ANOVASanchez-Vives & Slater 
questionnaires

EEG 64- ChannelShemesh, et al., 2017

G*Power-(ECG)/ skin resistance/ skin temperature/ blood 
pressure/ oxyhemoglobin saturation (SpO2)

Zhang, et al., 2017

ANOVASAMEEG 128-channelBanaei, et al., 2017

ANOVASAMEEG 64- ChannelDjebbara, et al., 2019

ANOVAQuestionnairesEEG/ GSR/ Eye Tracker/ Pulse rate/ Blood 
Pressure

Yin, et al., 2019

Table 8. Research instruments for studies. Source: Authors.

 

FORM 

Low self-assessment rank for pleasure and arousal in spaces with linear 
geometry and anterior cingulate cortex (ACC) activity. 

Arousal and aesthetic sensation in the curved and activation areas (ACC) (a 
region that responds strongly to the rewarding and emotional salience 

properties of objects). 

Increasing the pleasure index of non-architects to curved spaces and the 
preference of architects to orthogonal spaces. 

Banaei, Yazdanfar, 
Hatami & Gramann, 

2017 

 

Vartanian et al., 2013 

Shemesh, Talmon, Karp, 
Amir, Bar & Grobman, 

2017 

Decreasing the sense of pleasure and perception of beauty in closed rooms with 
low ceilings and the decision to leave the space. Height Vartanian et al., 2015 

Space details Arousal in front of doors with medium and large width. Djebbara, Fich, Petrini & 
Gramann, 2019 

Outdoor toward 
nature 

Reducing the level of physiological indicators of stress in the outdoors towards 
nature and increasing creativity. 

Yin, Arfaei, 
MacNaughton, Catalano, 
Allen & Spengler, 2019 

 

Higher arousal ranks in furnished spaces and increased heart rate and greater 
theta power in the space. 

Furniture 
arrangement 

 

Vecchiato, Tieri, Jelic, 
De Matteis, Maglione & 

Babiloni, 2015b; 
Vecchiato et, Jelic, Tieri, 

Maglione, Matteis & 
Babiloni, 2015a 

 
Material texture Less stress and fatigue in rooms with wood design, and physiological setting 

and ease. 
Zhang, Lian & Wu, 2017 

 

Fig. 14. Ultimate results of the studies. Source: Authors.

measured, which provided a deeper and more 
detailed insight into the neural structures activated 
during the experiment. Also, other physiological 

instruments such as GSR, HR, and BP have been 
very useful to determine the body’s response to a 
stimulus. The simultaneous use of these instruments 
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and the help of self-reporting instruments such as 
SAM have led to a better and more understanding 
of brain responses to architectural space stimuli. 
Although these instruments provide information 
that the brain is responding to the stimulus, it is not 
enough as the only tool to detect the cause of neural 
activation and its origin, and they are suitable for 
confirming the occurrence of the reaction, but fMRI 
and EEG devices can record CNS activity. 

Conclusion
According to the review that was done in the 
present research, it has been determined that due 
to the newness of the field of study, there is no 
valid and specific method to evaluate how interior 
design affects human emotions. This has led to 
the formation of a set of different techniques and 
approaches to conducting research. In addition, so far 
few studies have been conducted on the relationship 
between architectural interior design elements and 
neurophysiological responses. However, this new 
field of study shows that emotions are influenced 
by visual features in architectural interior design 
and can be objectively measured and lead to a wide 
range of neural and physiological activities. 
According to the results of the review, the physical 
components of the form, materials, texture, furniture, 
ceiling height, arrangement, and architectural 
details, indoor and outdoor are influential in human 
emotions. In this way, the curved forms in the design 
of the interior space of the architecture increase 
the activity of the anterior cingulate cortex of the 
brain. This layer induces a feeling of pleasure and 
arousal with its activity and makes a person feel 
more relaxed in such an environment and even 
consider it more beautiful. The remarkable thing is 
that architects prefer orthogonal spaces, while non-
architects preferred curved spaces. Regarding the 
materials and texture of the interior architecture, 
according to the results, it has been determined 
that the use of wood texture in the interior design 
induces less tension and fatigue in the residents 
and adjusts the physiological, therefore it leads to 

a feeling of relaxation and arousal.  Furniture is a 
major component of interior design, and its influence 
cannot be easily overlooked. As mentioned, spaces 
with furniture increase heart rate and more theta 
power, emphasizing its effect on human emotions. 
The measure of ceiling height is also effective 
in human emotion, in such a way that rooms with 
low height and indoors induce a feeling of disgust 
and decision to leave in people, while a room with 
higher height and outdoors evokes a feeling of 
pleasure. Another criterion affecting emotion is a 
connection with nature or biophilic, which can be 
created in interior design by creating an outdoor 
towards nature.
 According to the results, connecting with nature 
through opening reduces fatigue and increases 
creativity, and it can be called an important criterion 
for the interior design of a healthy space. Due to 
the new emergence of this field of study, there is a 
great research gap in both subjective and objective 
components for future researchers. For example, 
objective components such as color and light or 
mental components such as the sense of belonging 
and the sense of place have not been investigated.  
The present research has been a step in identifying 
experimental studies so that researchers have a 
source to identify methods and components in the 
last five years.
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