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Objectives: Converging architecture with cinema and cognition has proved to be a
practical approach to scrutinizing architectural elements’ significant contribution to
engineering science. In this research, a behavioral analysis has been conducted to
examine if disruptive events in cinematic spaces can lead to an insightful perception of
architectural qualities and enhanced interplay with the observed spaces to highlight mental
health and improved cognitive tasks in sustainable design characteristics.

Methods: The experiment was conducted in participants (N = 90) while watching three
films with different stimuli to facilitate multivariate analyses. The HR, BP, SCL, and BT were
measured while screening films to subjects. Psychological assessments of PANAS, TIPI,
Chills, Pleasure, Arousal, Dominance, and NAQ were gathered to conduct correlation and
regression analyses between variables. An independent space syntax analysis of film plans
was also performed to compare film spaces’ properties.

Results: Analyses show that physiological responses of HR, BP, SCL, and BT showed a
meaningful relationship with the event intensity. Psychological assessments of Chills, SAM,
and NAQ also depicted a meaningful relationship with the degree of stimuli during the
movie screenings. Regression analyses illustrated that the age factor had a significant
relationship with Arousal (p-value = 0.04), Chills (p-value = 0.03), and Dominance (p-value
= 0.00). The TIPI factor showed a meaningful relationship with Chills (p-value = 0.03) and
Dominance (p-value = 0.00). PANAS PA factor’s relationship was significant on Chills
(p-value = 0.00), Arousal (p-value = 0.04), and Dominance (p-value = 0.03), and the
PANAS NA factor showed a meaningful relationship with Chills (p-value = 0.00) and
Dominance (p-value = 0.05). The correlations in Chills–Arousal (p-value = 0.01), PANAS
NA–TIPI (p-value = 0.01), NAQ–Pleasure (p-value = 0.05), and Arousal–Dominance
(p-value = 0.00) were significant. Space syntax analyses also showed that film 3 had a
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mixed plan structure than the other two films. Factors such as area compactness,
connectivity, visual entropy, controllability, and mean depth were influential in
distinguishing film spaces.

Conclusion: It has been concluded that the space with intensive disruption of
architectural elements successfully indicated improved cognitive perception of spatial
qualities, enhanced interaction, and signified sustainable design criteria. Evoking events
disrupted the banalization of cinematic spaces, illustrating that the designed model can
indicate a more homogenous evaluation of a sustainable environment.

Keywords: cinematic mediation, psychophysiological responses, spatial perception, space configuration,
sustainable design criteria

1 INTRODUCTION

Architecture has been studied in multiple discussions to integrate
with the cinematic art form in design (Vidler 1992). A cinematic
context can be a proper solution to analyze the human interaction
in space and time that reveals physical habits (Upton 2002),
especially because moving images work directly with emotional-
affective traits (Pallasmaa 2007b; Pallasmaa 2007a). The
emotional-affective assessments in a cinematic context can be
surveyed through the disruption of the monotonous rhythm of
everyday life followed by the occurrence of evoking “events.” This
helps to reach a holistic perception of architectural qualities and
transform the ignorance of space banality that affects spatial
perception (Penz 2017). Recalling these events, interpretations,
and evaluation procedures determines self-cognitive activity
(Jokić-Begić 2008). Hence, focusing on the multi-dimensional
field of environmental design and space cognition can enhance
people’s quality of life and fulfill the long-term sustainable design
in everyday life. In sustainable development, the socially
perceived surrounding world is a crucial discussion to address
mental health in human-environment cognition and behavior,
leading to improving human cognition and social
communication with space confrontations.

Multiple researchers examined the impact of film spaces on
cognitive behavior and emotional responses (Table 1). Still, no
significant research has integrated holistic qualitative
psychological data with quantitative biofeedback, space syntax
analyses, and architectural quality assessments to conclude if
spatial stimuli in films can enhance spatial cognition to fulfill
sustainable design criteria. While human beings are constantly
experiencing different moments at different times in their lives
(Sakhaei 2020), perceiving the physical and natural world is
crucial for environmental communication (Akerlof et al.,
2022). Within this communication, architectural characteristics
of built environments can positively or negatively affect mental
health (Love et al., 2010; Dzhambov et al., 2018; Andargie and
Azar 2019; Hoisington et al., 2019; Wang et al., 2021), a crucial
factor to reach a sustainable design thinking. In this research, a
conceptual framework is designed from architectural space
characteristics, cognitive emotions, and film theories to
indicate behavioral responses to stimuli in home places that
have been strongly affiliated with cognition in previous

discussions (Freud 1966; Nin and Stuhlmann 1966; Bachelard
1969; Colman and Colman 1971; Cooper 1974; Chandler 1991).
Also, an integrated method is conducted to elicit emotion from
film screenings to capture physiological responses, space
configurations, and quality measurements to analyze
expressive space qualities toward sustainable criteria.

1.1 Cognitive Emotions and Environmental
Events
The human mindset is actively developed to create models for
perception, information processing, recalling, and interpreting
input data (Reinecke et al., 1996). Environmental stimuli also
have influenced perception through the brain’s data processing
which involves noticing, interpretation, memory, and evaluation
(Musa and Lépine 2000). People’s root beliefs first influence these
cognitive processes about themselves, the world, and the future
(Guidano and Liotti 1983; Ingram 1984; Segal 1988; Hammen
and Goodman-Brown 1990).

Emotions from stimulus confrontations are specific
neuropsychological phenomena formed by natural selection
that organize and create physiological, cognitive, and
functional patterns (Plutchik 1980; Izard 2013). They can be
measured in three different mental and physiological reactions
(Wundt 1922; Lang 1969), later developed as Pleasure, Arousal,
and Dominance (Mehrabian 1996). Pleasure indicates a
willingness to a stimulus, while sadness shows a tendency to
retreat and escape. Arousal shows the level of strength in the
behavioral choice related to the intensity of that stimulus (Bradley
and Lang 1994). Dominance measures environmental limitations
in the case of expressing actions and behaviors (Bakker et al.,
2014). Any degree of low Pleasure brings about disharmony and
inconsistency in the environment (Bakker et al., 2014).

Conversely, extreme Pleasure also leads to the same result
because people become dull and bored following a lack of
challenge (Soesman 2005). The same procedure applies to the
arousal level where individuals tend to feel sleepy from low
Arousal and extremely disturbed from a high stimulus
intensity (Kandel et al., 2000), especially because a low degree
of order simulates a chaotic situation, while too much order
represents hardness (Schneider 1987). A low degree of diversity
causes slowness and depression, whereas a higher level would
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bring excessive stimulation. As explained, the normalized middle
region of the evaluation of mental and emotional states can be
interpreted as routine everyday life, constant ordinariness, or
banality. If people move away from the banal area, they witness
events and stimuli, and therefore, their level of satisfaction and
feeling affected by environmental characteristics changes
proportionally (Bakker et al., 2014). Consequently, positive
emotions will notice pleasant aspects, whereas those with
negative emotional traits remember unpleasant dimensions
(Rusting 1998).

1.2 Cinematic Space Cognition and Emotion
While films promote spatial understanding by observing the
practice of space (Penz 2017), their extracted data can analyze
architecture creatively (Neumann 1999). People who watch these
scenes can be termed as architects who focus on building details
to feed their visual memory (Bala 2014). Evoking attention by
showing films activates the motor system and embodiment as the
emotional–motivational state is linked with cognitive processes in
human–environment interactions from a sensory-cognitive
structure (Izard 2013). Hence, the activation of the motor

system leads to imagination and perception (Prinz 2005). In
addition, environmental feelings that activate sensory cues are
closely related to embodied processes (Coëgnarts 2017). The
mind creates a mental path to perceive the space, and by
exploration, similar to genuine experience, it forms a mental
organization and processes the discovery like film sequences
(Ghahramani et al., 2015). As a result, the comparison
between the film space and physical environments can signify
space qualities to the design process to boost the experience in
designing a more interactive and sustainable place.

In an architectural space, experiences are gradually revealed in
time as the mind constantly predicts what will happen in that
specific place (Roudavski and Penz 2003) which requires
movement. Bergson (1911) separated cinematic movement
into real and false; the latter explains the illusion of movement
in space made by a sequence of images stored in memory. He
believes that movement does not induce a holistic perception of
time but instead offers multiple fragments of a period interpreted
as spatialized time. Comparably, Deleuze (2020) argues that the
result of a pure visual moving image is a unique projection of time
images. In the movement image, time is measured by the physical

TABLE 1 | Research background review.

Author(s) Year Discussion Methods Results

Penz F 2004 Pertinent issues of narrativity and space
in the moving-image practice

Questionnaire reports from cinematic
sequences

The architectural promenade can depict practice-
based research issues to apply moving images in
architecture.

Soleymani M
et al.

2009 Characterizing movie scenes based on
emotions

Physiological responses and self-
assessment questionnaire

Multimedia helps to analyze physiological and
emotional responses to the video content.

Rooney B et al. 2012 Investigating the effect of increasing a
movie’s perceptual realism on emotional
experience

Self-report analysis and physiological
measures

Increased physiological Arousal and heart rate
contribute to the perceived apparent reality.

Carvalho S et al. 2012 Developing affective film databases
without auditory content, based on
emotional stimuli

Self-report rating from films and
psychophysiological assessment

Exposure to clip effects resulted in SCL increase and
HR deceleration in high arousal conditions.

Kuliga S et al. 2013 Space syntax can capture aesthetic
judgments or emotional impacts of a
public building.

Qualitative data on subjective user
evaluations and space syntax analyses

Suggesting methods to link qualitative and emotive
data to objective spatial analysis

Bafna S et al. 2014 Effect of home’s spatial organization on
moderate and intense activities

Syntactical data and questionnaires
analyses

Interconnectedness or modified integration is linked
with socially sedentary activities rather than solitary

Wassiliwizky E
et al.

2015 Exploring if art-elicited chills indicate
emotional states of being moved

Self-assessment questionnaire through
watching films

Higher intensity episodes of being moved can lead to
a higher level of chills

Schubert TW
et al.

2016 The feeling of being moved or touched is
a component of a social-relational
emotion.

Analyzing emotional self-reports from
movies

Cross correlations of feeling moved and touched and
closeness, with physiological variables

Coëgnarts M 2017 How films convey meaning to the
audience and how they infer provided
meanings

Conceptual framework reasoning The cinematic approach structures the metaphorical
mapping in which the inferential logic of image
schemas expresses conceptual knowledge.

Ding N et al. 2018 Investigating emotional effects of
cinematic VR by comparing with 2D films

Collecting subjective emotional experience
and real-time objective physiological
reaction

Cinematic VR induces a stronger emotional
experience and physiological response than
traditional 2D films

Su Y et al. 2019 Perceiving emotional intensities
synchronously in two dimensions

Integration of EEG and eye movement data
analyses from watching videos

Quantitatively assessing environmental psychology
through an accurate emotion intensity perception
system

Banaei M et al. 2019 Evaluating interior forms of built living
rooms throughout history and their
impact on emotions

Analyzing Pleasure, Arousal, and
Dominance feedback using VR tools

Results showed a relationship between forms and
emotional states for different personality traits.

Fernández-
Aguilar L et al.

2020 Studying physiological tenderness using
film clips

Self-assessment reports and physiological
tools

Different subjective and physiological responses in
young and older adults

Chun C et al. 2020 Effects of repeated exposure to a
suspenseful film

Self-reported questionnaires and
psychophysiological responses

Repeated exposure to suspenseful film stimuli results
in affective habituation or desensitization.
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movement, which is construed as haptic, meaning tactile and
physical. On the other hand, the moving image is related to seeing
in the time image, interpreted as optical (Cairns 2016). Both
Bergson and Deleuze confirm that the process of cognitive
interference with moving images bonds space and time in an
illusional or false movement that relies on both optical and haptic
engagement.

1.3 Everyday Life Versus Disruptive Event in
Film Spaces
Observing the practice of film spaces divided into everyday ordinary
and event-based scenes creates a cyclic rhythm together, which
Lefebvre interprets as rhythm analysis. He articulates that the
everyday space is different from the geometric space. It contains
four dimensions: accomplished, foreseen, uncertain, and
unforeseeable, representing past, present, short-term future, and
long-term future, respectively (Lefebvre 2013). Incorporating
everyday space and dramatic events collectively enhances the
expressive narrative space to reach a unique form of interaction
with moving images (Nitsche et al., 2002). Films offer an exceptional
experience in heterotopic spaces to help the observer distinguish
them from quotidian ones (Penz 2017). Likewise, the architectonics
of elements will directly affect emotional experiences and personality
traits that play a vital role in assessing space and related emotional
indicators (Gifford 2007). In addition, elements’ type, angle, scale,

and location influence emotional behavior and visual properties
(Kent et al., 2021). Beyond their geometrical properties, factors such
as color, light, and material of the interior space will have the same
impact on viewers (Banaei et al., 2020), leading to an accurate design
approach for a sustainable space. To activate memory and emotions
in this experiment, choosing home spaces to induce a sense of a place
that feels private, protected, and is a psycho-social space (Bala 2019)
would be practical to measure psychophysiological assessments.

Based on the literature review and conceptual framework,
three main hypotheses are expressed to be measured: 1)
Implementing dramatic events in a narrative cinematic space-
time, which leads to the disruption of everydayness, can enhance
spatial cognition. 2) A dramatic event is the most critical factor in
changing the structure of everyday life and thus promoting space
interactions. 3) Developing a model based on physical-spatial
elements affecting the change of mentality and behavior under
personality traits, experiences, and mental and historical
backgrounds leads to the criteria to design an optimal and
sustainable environment (Figure 1).

2 MATERIALS AND METHODS

2.1 Study Population and Sampling Method
Ninety participants with Iranian ethnicity (45 male, mean age 26,
SD 2.69, and range 20–30 years old) were selected for this

TABLE 2 | Films’ plot summaries and events.

Film Name Plot Summary Pre-event
Scene Characteristics

Event Scene Characteristics

Film No. 1: The Money Pit
(1986)

A young couple buys a relatively old house
with classic architecture to start their new life
together. The house, however, needs a
renovation to satisfy the couple’s needs.
During the renovation, some unpredictable
accidents happen in the space.

The young couple walks inside the house to
see if it is suitable to buy. After they buy it, the
renovation begins while they reside in the
place.

During the renovation, the front door and the
interior main stairs collapse. The kitchen’s
electrical wiring catches fire, and the tiles
shatter. The bedroom chimney also gets
demolished when they light the fire.

Film No. 2: Zathura: A
Space Adventure (2005)

Two playful brothers live with their father.
While they persist in keeping their father at
home to play more with them, he has to go
outside to run some errands. Meanwhile, the
kids witness weird activities inside the house
when they try to solve riddles in a board
game.

A typical father–boy chase and run game
inside the house depicts an ordinary weekend
amusement in a happy family. The kids use the
stairs, living room, and kitchen as playgrounds.

The house gets attacked by numerous fireballs
that pierce the roof, the ceiling, interior walls,
and furniture. The lone afraid kids try to find a
shelter as the house elements shatter.

Film No. 3: I, Robot (2004) Robots will work as public service groups to
help humans in the future. While strict rules
are applied to them to control their activities,
a detective investigates if a robot has violated
the rules and murdered a human being.

The detective enters a vacant house to
investigate the place. He suspiciously walks
into the corridor, climbs the stairs, walks inside
a room, and searches the area for clues.
However, he finds no unusual activity for a few
minutes.

A giant robot suddenly attacks the house with
iron robotic arms from the outside. It destroys
the exterior walls and soon demolishes the
entire house as the detective tries to run away
and save his life. The house has turned into
ashes at the end of the clip.
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experiment and reported as students or employed. As socio-
cultural aspects of human personality, such as past spatial
experience, affect assessments (Khaleghimoghaddam and Bala

2018), the age range of 20–30 was chosen to control the
experiment. While the user’s sensitivity is highly reliant on the
environmental exposure impact (Dijkstra et al., 2008), we tried to

TABLE 3 | Film spaces’ architectural parameters.

Film 1
Architectural Parameter

Film 2
Architectural Parameter

Film 3
Architectural Parameter

-Warm cozy colors -Warm wooden colors -Warm wooden colors
-Medium brightness -Medium brightness -Low brightness

-Classic curvy architecture -Wooden village-like architecture -Classic architecture
-Space simplicity with readability -Space simplicity with readability -Space sophistication with lower readability

-Linear architecture -Symmetric structure -Asymmetric complicated spaces
-Low space enclosure -Medium space enclosure -High space enclosure

-Transparent elements -Natural sunlight in the scene -Dimmed night light
-Poor sign stimulus -Average sign stimulus -Strong sign stimulus

-Two levels with a central void -Split level -Two levels in a villa house
-High ceiling height -Medium ceiling height -Medium ceiling height
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achieve more homogeneous behavioral and physical
characteristics than adolescents or elderly demographics whose
potential differences in past experiences could have affected the
responses. While we preferred gender equality to control
psychophysiological responses, we also ensured that none of
the participants had watched the films before to bring a novel
and fresh experience of observation. Each participant was
informed about the entire psychophysiological measurements
during pre-test preparation. They were pre-evaluated as being
healthy with no mental or physical trouble while reporting they
had a night of sufficient sleep and a proper meal before the test
day. They were also asked to avoid smoking, drinking alcohol,
and consuming caffeine-containing food or beverage at least 4 h
before the experiment. Additionally, they were asked if they were
under any medication. The experiment protocol was validated by
the department of physiology at Tarbiat Modares University and
performed under the ethical standards as proposed in the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards.

2.2 Editing the Cinematic Experiment
We selected three films in the cinematic test model by examining
several criteria. The first crucial criterion was the films’ space
narration ability, meaning that the screened space and
architectural details should solely impress the audience and
gather their attention without using a screenplay or scenario.
The second factor addressed a disruptive and evoking event in
each film space. By eliminating the role of the script in each clip,
architectural qualities could potentially affect the audience’s
perception of the space by avoiding the implementation of
stories and dialogues. To facilitate these two criteria, we tried
to choose specific scenes wherein the camera angle has a
continuous movement as a one-point perspective in the edited
clips. Specifically, the formal film analysis system (Bordwell et al.,
1993) was studied to choose standard scenes for this specific
experiment. The camera height and angle were selected from eye-
level view perspective scenes and point-of-view shots that seemed
like the participants were exploring the space themselves. A
disruptive event in the middle of the everyday depicted spaces
helped to choose films with different intensities of space
deconstruction by placing each film from less disruptive to
more disruptive, respectively. The element of ‘stimulus’ in the
middle of two everyday space scenes increased from the first film
to the third one to bring an ascending impact on the emotional
feelings of the participants.

Thus, three films with an approximate duration of 5 min each
were selected as the test model. The first and last 2 min of each
film narrate the familiar home atmosphere, while the middle
1:30 min depict the beginning of the evoking events of that
space. As mentioned previously, the house space was chosen to
represent the most lived, private, and connected place to the human
mind. Participants first watched the beginning scene to immerse
themselves in the narrative space and architectonics. Then, the
middle of the film is dedicated to the event screening wherein
some of the same elements and details from the ordinary scene were
destroyed. In the third or final part of each film, participants were
confronted with the same everyday scene from the first 2 min to

assess their cognitive perception and emotions while remembering
the event that had evoked their emotional perception. Participants’
perceptions and feelings were assessed by filling out two
psychological questionnaires before the start of the screening of
the films as a baseline pre-test assessment and another three
questionnaires during the screening of the films.

2.2.1 Films’ Plot Summaries
The three films’ plot summaries and related events are depicted in
Table 2. Accordingly, the films’ architectural parameters are
illustrated in Table 3.

2.3 Data Collection of Biofeedback and
Psychological Measurements
Data collection during the experiment was accomplished using
multiple questionnaires and tools that indicate physiological
changes in the human body while watching movies between
11 a.m. and 2 p.m. in the same room and condition with 25°C
temperature. Five standard questionnaires were provided in
paper and pencil format for psychological and emotional
analyses: TIPI (Gosling et al., 2003) to assess personality traits
that reflect internal characteristics of the participants, PANAS
(Watson et al., 1988) to measure the two dimensions of human
mood, namely, negative emotion and positive emotion, Chills
(Silvia and Nusbaum 2011) to examine how often people
experience aesthetic chills and related states while engaging
with films, SAM (Mehrabian and Russell 1974; Bradley and
Lang 1994) to assess Pleasure, Arousal, and Dominance as
three independent emotional characteristics to describe
individuals’ feelings, and NAQ (Zawidzki 2016) which is based
on geometrical characteristics of an architectural space plan to
reach the human subjective evaluation while the assessment is
mainly related to the spatial perception of a space rather than its
aesthetic properties. Before the film screening, the TIPI and
PANAS questionnaires assessed general personality traits and
emotional conditions in a resting situation. As participants spent
a few minutes in the test-taking environment to ensure they had a
relative sense of relaxation, we asked them to pay attention to
architectural details and properties since they had been informed
that the entire experiment relates to the spatial assessment. After
completing TIPI and PANAS questionnaires, participants sat in
front of a 15-inch laptop with a loudspeaker to watch the clips.
Right after the ordinary everyday scene screening and before
beginning the disruptive event scene, the film screening was
paused. Then, participants were asked to complete the Chills,
SAM, and NAQ questionnaires for the first scene. Upon
completing the first three questionnaires, the evoking
disruptive event scene alongside the everyday scene (the exact
scene which was screened at the beginning of the test) was shown
without a pause between them. This time, participants were again
asked to fill out the Chills, SAM, and NAQ tests for the second
time based on observed events. Thus, the evoking effects that
events in the middle of the two identical everyday scenes
provoked would affect how people respond to the repeated
questionnaires. As a result, data were gathered in two different
phases: pre-event and post-event, with two thoroughly similar
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scenes but the latter one affected by an emotional and cognitive
stimulus. This procedure was performed in other films as the
participants were divided into three thirty-person groups for each
clip. We performed linear regression analyses to capture the
effects of general personality traits and positive or negative
affect scales on Chills, SAM, and NAQ. We also conducted a
Pearson’s correlation coefficient test to evaluate the association
between variables. p-values less than 0.05 were regarded as
statistically significant.

In this test, the four indicators of the HR (bpm), SRL (kilo-
ohm), SBP and DBP (mmHg), and internal BT (Celsius) were
measured during the film screening. The AppleWatch Series 2 was
attached to the left wrist for real-time heartbeat recordings during
the screening. The Sanwa PC5000A digital multimeter was
conducted to measure sweating on the palm surface of the hand
related to SRL, which has an inverse ratio with SCL. Because the
palm holds nervous sweat glands, two Skintact F-55 chest leads
were attached next to each other to the palm surface with the digital
multimeter’s electrodes attached to the chest leads. Watching
evoking scenes leads to a resistance change between two
electrodes because of sweating caused by nervous system
activities. The SRL measurement procedure was the same as HR
data collection. To measure BP, the Beurer BM 60 Blood Pressure
Monitor was used to measure the SBP and DBP three times for
each movie: before each movie screening in resting mode, right
after the screening of the everyday scene, and the last time right
after the end of each film. The BT-A11CN digital thermometer was
conducted three times for each movie with the same procedure as
recording BP. Hence, four physiological responses were analyzed
by examining the average statistical data for all participants in each
period recorded before and after the events and evaluated from the
report timeline. The effect of time in habituation or desensitization
feelings was also analyzed because of physiological changes
throughout the scenes and the considerable duration of time to
screen three films (Figure 2).

2.4 Analyzing the Structure of the Cinematic
Space
The space syntax was used to derive architectural characteristics
of film spaces from quantitative space analysis. Turner et al.
(2001) introduced visibility graph analysis to examine positions
in an environment by computing the intervisibility of positions
distributed across the entire space (Franz and Wiener 2005). The
UCL Depthmap’s VGA generated a grid map from each of the
three film plans to perform the VGA analysis.

2.5 Data Normalization and Fuzzy Scaling
The two-valued account of scientific truth does not correspond to
scientific facts, especially because science in all dimensions, including
ambiguous, indefinite, graded, and multi-valued attributes, has a
fuzzy truth (Ragin 2009; Arabacioglu 2010). Fuzzy logic depends on
reasoning with fuzzy sets (Kosko and Toms 1994; Yeganeh and
Kamalizadeh 2018) and represents the type and amount of
membership. It extends the two-value space of zero and one to
the three-value space of zero, one, and a half. Consequently, the types
and amounts ofmembership can be defined as fuzzymembership. In

the fuzzy logic, everything is relatively graded (Casco 2013; Yeganeh
2020), and the truth is between zero and one. Ragin determines the
fuzzy degrees of the concepts based on different values. Fuzzy
degrees represent verbal labels of 0.01–0.047 for Mostly in,
0.047–0.119 for Degree of membership is more in than out,
0.119–0.378 for Cross-over point, 0.378–0.5 for Degree of
membership is more out than in, 0.5–0.622 for Mostly out,
0.622–0.881 for Mostly in, and 0.881–0.99 for Degree of
membership is more in than out. The membership function of
classical and fuzzy sets is expressed as the following formula:

A � {Χ, μ(Χ)A /Χ ∈ A, μ(Χ)A ∈ {0, 1} } �A

� {Χ, μ(Χ)�A /Χ ∈ A, μ(Χ)�A ∈ [0, 1] }.

The fuzzy set A with a membership function μ(Χ)A dedicates to
each point in x an actual number in the interval [0,1] and amount
of μ(Χ)A , demonstrating the membership degree in A" (Goguen
1973). Accordingly, the qualities with a significant coefficient of
less than 0.378 have been removed.

3 RESULTS

As illustrated in the method section, we performed a linear
regression analysis between variables. To normalize each
dataset in analyses, we have scaled every variable on a fuzzy
scale to be adjusted and comparable in zero and one intervals.

3.1 Physiological Responses
3.1.1 Heart Rate
With the highly intense disruptive event, a significant change and
effect on the HR and a noticeable increase were witnessed (Figure
3A), supporting previous studies (Ekman et al., 1983; Sinha 1996;
Prkachin et al., 1999; Kreibig et al., 2007; Ding et al., 2018;
Fernández-Aguilar et al., 2020) and reflecting a potential for
emotional valence (Greenwald et al., 1989; Lang et al., 1993;
Gruber et al., 2015). On the contrary, when the intensity was
low, the HR had almost a descending trend, demonstrating that
the increase or decrease in the HR in the post-event was directly
related to the intensity level. In other words, participants’
susceptibility to perceive the post-event observed space was
significantly high, meaning that the disruptive event remarkably
evoked cognitive activity and emotional Arousal, as discussed
previously (Lang et al., 1995; Bolls et al., 2001; Bradley et al.,
2001; Ravaja 2004). Still, with a deceleration in the HR reported
in similar studies (Bradley 2009; Carvalho et al., 2011, 2012; Deng
et al., 2017; Kimura et al., 2019), HR reports need more specific
interpretations. During the pre-event, participants did critically
involve in space narratives as no significant HR changes were
observed, meaning that the films’ stimulus contents had a
prominent role in spatial perception (Deng et al., 2017).

3.1.2 Blood Pressure
In film 1, SBP and DBP (Figure 3C) correlated with a declining
steep slope trend, consistent with a previous study (Mrug et al.,
2015). In film 2, SBP increased with a moderate slope, and
conversely, the DBP decreased with a slow gradient. In film 3,
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SBP decreased with a steep slope while DBP with an average slope
showed an increasing trend. It can be said that DBP was directly
related to the event intensity. In other words, DBP increased
significantly with increasing deconstruction severity. However,
no significant effect was reported for SBP, consistent with
previous reports (Mrug et al., 2015).

3.1.3 Skin Resistance Level
There was a significant relationship between the event intensity
and SRL; as the intensity increased, the SRL changed slightly and
vice versa (Figure 3B). Changes in trends during films’ screening
also showed a significant correlation with changes in the SRL. In
film 1, at the beginning of the event in a short period, SRL
decreased and gradually began a gentle ascending trend. Then,
with a gradual increase in event intensity, the SRL witnessed a
descending trend, as reported previously (Kunzmann and Grühn,
2005; Carvalho et al., 2011, 2012; Kimura et al., 2019; Fernández-
Aguilar et al., 2020; Zickfeld et al., 2020). The SRL trend supports
previous discussions that more sweating on the palm surface can
indicate more arousal (Cuthbert et al., 2000; Soleymani et al.,
2009; Korpal and Jankowiak 2018). The post-event SRL in film 1
showed a different trend with a steep ascending slope. The
diagrams in films 2 and 3, where the intensity was higher,
illustrated an almost identical trend to film 1’s chart in both
pre-event and post-event.

3.1.4 Body Temperature
The graphs show that BT increased in all three films in the
intervals between pre-test and pre-event (Figure 3D). The stimuli
effects on fluctuations in BT provided a different pattern (Šolcová
and Lačev 2017), in which a more intensive event caused a drastic
decrease in BT, as reported in similar studies (Ekman et al., 1983;
Sinha 1996; Kistler et al., 1998; Prkachin et al., 1999; Kreibig et al.,
2007; Yoshihara et al., 2016; Ding et al., 2018). Also, the moderate
event raised BT relatively, whereas the low-intensity event
increased BT sharply. However, other studies reported a
converse and debatable increase in similar experiments on
skin temperature (Zickfeld et al., 2020).

3.2 Stimulus-Affected Self-Assessments
3.2.1 Pleasure, Arousal, and Dominance
Before the event, participants’ feelings about Pleasure were almost
the same for films 1 and 2, and responses overlapped with each
other following similar reports. In contrast, in film 3, Pleasure
responses were distributed in a more extensive range (Figure 4).
After the event, a significant difference in all three films reported
for Pleasure, in which the average Pleasure for film 1 in the post-
event was almost equal to the pre-event. However, there were
broad changes in feelings per participant, showing that the
distribution of data in the plot was less homogeneous. In film 2,
the average Pleasure was significantly reduced alongside

FIGURE 1 | Theoretical framework.
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uniformity in data distribution. In film 3, despite the decrease in the
average of Pleasure, participants’ opinions about space became
closer, revealing that the disruptive event in space notably
decreased Pleasure, which was reported previously in a similar
discussion (Soleymani et al., 2009).

Changes in Arousal and Dominance patterns before and after the
event illustrated a direct relationship with the event intensity. The
higher the intensity, the greater was the amplitude of Arousal and
Dominance oscillations (Figure 4). Arousal was directly related to the
event intensity due to the increase in the post-event under all three
films’ events, showing consistency with previous discussions (Schupp
et al., 2004; Kimura et al., 2019). Dominance showed an ascending
trend with increasing event intensity, as previously reported (Carvalho
et al., 2012; Deng et al., 2017), with amoderate slope. Still, Dominance
requires specific evaluation to see if participants rated the stimulus
itself or the subjective feeling it elicited (Bradley and Lang 1994). In
addition, the pre-eventArousal had an ascending trend fromfilms 1 to
3, respectively, while film 2 produced higher Arousal and Dominance
than the other two films.

3.2.2 Chills
Chills were among the variables most affected by the event
(Figure 5). The Chills rate was almost the same during the

pre-event for the three films. Although the distribution of plot
data for film 3 had been more scattered and film 1 had relatively
robust data, film 2 showed a more extensive data distribution. In
the post-event, Chills showed a significant increase while the data
distribution was out of uniformity and placed in much larger
intervals. Thus, Chills validated a substantial relationship with the
event intensity, as reported previously (Schubert et al., 2018;
Bannister 2019). With an increase in space deconstruction, Chills
increased noticeably as well.

3.2.3 Normalized Accumulated Quality
The NAQ factor for the pre-event in three films indicated that the
first and second films’ architectural spaces had a higher
normalized quality than film 3 (Figure 6). Also, the audience’s
assessment of the place quality was close to each other, and the
overlap of responses was high compared to film 3. After the event,
the audience’s assessment had undergone significant changes so
that the spaces of films 1 and 2 were perceived with the lower
quality than the pre-event. In contrast, the film 3 diagram showed
almost the same pre-event average quality as the post-event space,
with the audience’s views getting closer. Conclusively, the
disruptive event reduced the place perception quality and
brought participants’ views closer. Apart from lowering the

FIGURE 2 | Research design.
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perceived quality, the less intensive event caused a more semantic
difference. Hence, the space deconstruction stimulus played a
decisive role in reducing the semantic differentiation of the
perceived place and the overlap of spatial quality assessments.

3.3 Regression Analyses
3.3.1 Age Factor
The linear regression graphs showed that age had a significant
and positive relationship with Chills, Pleasure, and NAQ. With
the increase of age, these parameters decreased linearly (Figure
7A). In contrast, age indicated a positive linear relationship with
Arousal (df = 88, f = 8.5, β = 0.3, R2 = 0.09, and PV = 0.04), in
which a steep slope increasing of age in all three films followed an
increase in Arousal. However, before the event, age did not
demonstrate a significant relationship with Dominance (df =
88, f = 0.26, β = 0.05, R2 = 0.03, and PV = 0.61). In the post-event,

age showed a significant linear relationship with Chills (df = 88,
f = 4.9, β = -0.23, R2 = 0.05, and PV = 0.03) with a descending
slope and also a steep slope and negative linear relationship with
Dominance (df = 88, f = 12.7, β = -0.36, R2 = 0.13, and PV = 0.00).
Thus, with age growth, Chills and Dominance decreased
significantly after the event. Age also had a significant positive
linear relationship with Arousal with a moderate slope (df = 88,
f = 0.26, β = 0.05, R2 = 0.01, and PV = 0.61). In general, it can be
argued that the increase of the event intensity brought about a
steeper slope in plots.

3.3.2 Ten Item Personality Inventory Factor
Before the event, the TIPI had a significant positive linear
relationship with Chills (df = 88, f = 15.08, β = 0.38, R2 = 0.15,
and PV = 0.04) and showed consistency with previous research
(Panksepp and Bernatzky 2002; Silvia andNusbaum2011), as well as

FIGURE 3 | Physiological reports for (A) Heart rate, (B) Skin resistance level, (C) Systolic and diastolic blood pressure, and (D) Body temperature from pre-test to
pre-event, event-time, and post-event scenes in the three films. Python graphs.
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a significant linear relationship with Dominance (df = 88, f = 7.6, β =
0.28, R2 = 0.08, and PV = 0.14) and a steep slope (Figure 7B). When
the event intensity was low or moderate, TIPI depicted a significant

linear positive relationshipwith Pleasure (df = 88, f=8.1, β= 0.29,R2 =
0.02, PV = 0.04) and Arousal (df = 88, f = 2.6, β = −0.17, R2 =
0.03, PV = 0.00), but as the intensity increased, this relationship

FIGURE 4 | Psychological responses for Pleasure, Arousal, and Dominance responses for the three films between pre-event and post-event conditions. R ggplot2
graphs.
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appeared in reverse so that the increase of TIPI led to a steep
descending slope with both of these variables. In addition, the
type of post-event TIPI relationship with Chills (df = 88, f = 0.41,
β = 0.07, R2 = 0.05, and PV = 0.14), Pleasure (df = 88, f = 2.97, β =
0.19, R2 = 0.04, and PV = 0.06), and Dominance (df = 88, f =
23.6, β = 0.46, R2 = 0.21, and PV = 0.00) variables was the same
as the pre-event situation. However, Arousal increased with a
steep slope than the pre-event with the intensity increase.

3.3.3 Positive and Negative Affect Schedule Positive
Affect Factor
Before the event, PANAS PA showed a direct linear and significant
relationship with Chills, Arousal, and Dominance (Figure 7C).
Chills increased following PANAS PA’s ascending trend, but
Arousal, Pleasure, and Dominance depicted a decreasing trend

following the event intensity’s significant and direct effect.
Apart from this, while PANAS PA had a non-uniform effect
on NAQ (df = 88, f = 0.58, β = −0.01, R2 = 0.01, and PV = 0.44),
based on the intensity and the quality derived from the
cinematic architectural space, the increase of PANAS PA
reduced the perceived quality of the space when high space
quality was reported with normal intensity. Still, when the
quality of the cinematic architectural space was moderate
and the event intensity was either very high or very low, the
NAQ decreased significantly. The effect of PANAS PA in the
post-event on Chills (df = 88, f = 24.35, β = 0.47, R2 = 0.22, and
PV = 0.00), Arousal (df = 88, f = 8.9, β = 0.31, R2 = 0.1, PV =
0.04), and Dominance (df = 88, f = 4.9, β = 0.23, R2 = 0.05, PV =
0.03) parameters was similar to the pre-event. The effectiveness
of PANAS PA after the event was substantially dependent on the

FIGURE 5 | Psychological responses for Chill's reactions for the three films between pre-event and post-event conditions. R ggplot2 graphs.

FIGURE 6 | Psychological responses for NAQ responses for the three films between pre-event and post-event conditions. R ggplot2 graphs.
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intensity. With moderate intensity, Arousal highly increased,
whereas with high intensity, Arousal had a steep decreasing
trend. Regarding NAQ, it can be understood that with high and
extreme event intensity, PANAS PA greatly diminished NAQ,
but with low event intensity, PANAS PA significantly elevated
NAQ (df = 88, f = 1.18, β = 0.13, R2 = 0.01, and PV = 0.14).

3.3.4 Positive and Negative Affect Schedule Negative
Affect Factor
The effect of PANASNA in the pre-event on Chills (df = 88, f = 9.47,
β = 0.31, R2 = 0.09, and PV = 0.03) was significant and linear with a
negative slope and directly related to event intensity, which was
reported previously (Hanich et al., 2014). In addition, PANAS NA

FIGURE 7 | Regression of Chills, Pleasure, Arousal, Dominance, and NAQ with (A) Age, (B) TIPI, (C) PANAS PA, and (D) PANAS NA in both pre-event and post-
event conditions for the three films. R ggplot2 graphs.
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had a significant positive and linear relationship with
Dominance (df = 88, f = 0.36, β = -0.06, R2 = 0.1, and PV = 0.04),
and accordingly, with the increase of PANAS NA, Dominance
increased in proportion to the intensity as well. Similarly, in the
post-event, the effect of PANAS NA on Chills (df = 88, f = 17.8, β
= -0.41,R2 = 0.17, andPV= 0.00) andDominance (df = 88, f= 0.36, β=
-0.06,R2 = 0.04, andPV=0.05) parameterswas the samewith pre-event
situations (Figure 7D).

3.4 Correlation Analyses
Examination of correlation diagrams for the three films showed
that in general, the highest correlation was related to post-event
Chills with post-event Arousal (pc = 0.77 and pv = 0.01) and also
pre-event Chills with post-event Chills (pc = 0.76 and pv = 0.02).
This correlation shows that feeling chills and goosebumps can be

followed by significant arousal when subjects react to a film space
stimulus. The highest negative correlation was related to PANAS
NA with the TIPI (pc = -0.72, pv = 0.01), illustrating a solid
relationship between the negative affect scale with general
personality traits. In addition, the correlation between NAQ
and Pleasure was positive and significant (pc = 0.28, pv =
0.05), ranging from moderate to high. Before and after the
event, the correlation between these two variables was quite
substantial and highest in film 1. However, it gradually
descended from film 1 to films 2 and 3, illustrating that the
correlation decreased with the event intensity. It can be said that
participants’ feelings of pleasure from space stimuli show a high
relationship with understanding negative space qualities. It
should be noted that the degree of correlation between NAQ
and Arousal was the same as between NAQ and Pleasure and

FIGURE 8 | Correlation matrix of psychological responses for the three films in pre-event and post-event conditions. R ggplot2 graphs.
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NAQ andChills, both in three films’ average and in event intensity.
Compared to the NAQ and Dominance correlation, NAQ–Chills
and Pleasure–Arousal correlations were quite the opposite. As the
intensity increased, the correlation rate increased with the highest
rate for film 3. This increase can be another indicator for the role of

stimulus-affected space in emotional response to judge the space
quality. The correlation between NAQ and TIPI was positive and
directional but showed a weak correlation. Still, it showed a
significant relationship with the event intensity so that the
intensity ascent caused a correlation decrease, and accordingly,

TABLE 4 | The three films’ architectural spaces’ VGA Map visualization. UCL Depthmap plots.

Film Number Film’s Architectural Space
Properties

VGA Map visualization

Film 1 • Linear axis structure
• Symmetrical design
• Rectangular geometry
• Split levels with a central void

Film 2 • Square-shaped with void geometry
• Symmetrical design
• Two levels without a void

Film 3 • Various direction axes
• Spaces with different areas
• Asymmetrical design
• Two levels without a void
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TIPI and NAQ showed the highest correlation in film 1. General
personality traits may not be accurate indicators of the perceived
quality of space in event-based situations.

The correlation between NAQ and PANAS NA was negative
but positive with PANAS PA. With PANAS NA increase, the
NAQ decreased, and with PANAS PA increase, the NAQ

FIGURE 9 | Space syntax VGA data visualization. R ggplot2 graphs.
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increased. This outcome shows that the normalized space quality
is strongly related to the positive or negative affects scale. PANAS
PA and PANAS NA showed a constant correlation, while the
degree of correlation significantly correlated with the event
intensity. The more severe the disruptive event, the closer
PANAS PA and PANAS NA got to each other (pc = -0.16,
and pv = 0.00), or in other words, the increase in PANAS PA
did not have a significant effect on PANAS NA and vice versa.
This result can strongly prove that PANAS scales relate to totally
different realms in human characteristics. PANAS NA also had a
significant negative correlation with TIPI (pc = -0.72 and pv =
0.00). The lower the intensity of the event, the stronger was the
negative correlation coefficient between these variables. Also, the
intensity reduced the negative correlation coefficient
between them.

Conclusively, the event intensity changed the type and degree
of correlation between PANAS NA-TIPI and reduced positive
and negative correlations. This reduction shows that a severe
event may not be a valuable indicator of personality traits and
negative affects interrelationships. Chills showed a high positive
correlation between the pre-event and post-event (pc = 0.75 and
pv = 0.00), indicating the strong relationship between both phases
of spaces in films regarding the emotional state of chills and
goosebumps. The same type of positive correlation was very low
for Pleasure, Arousal, and Dominance. It can be argued for SAM
that during the post-event, the correlation in
Dominance–Pleasure was very low (pc = 0.16 and pv = 0.03),
high in Arousal–Dominance (pc = 0.54 and pv = 0.00), and
moderate in Pleasure–Arousal (pc = 0.27 and pv = 0.00), as
previously validated in a similar study (Soleymani et al., 2009).
This result shows that being dominated by spatial stimuli can be
highly related to feeling aroused. Chills demonstrated the highest
positive correlation in SAM with Arousal, Dominance, and
Pleasure, respectively, both during the pre-event and post-
event with a significant rate. This correlation has also been
validated previously (Maruskin et al., 2012; Wassiliwizky et al.,
2015), showing that emotional goosebumps or chills can highly
relate to pleasantness or being aroused or dominated. There was
also a positive correlation between SAM in the pre-event but less
correlated than the post-event, showing that the event had
increased the correlation between SAM factors. Similarly,
Chills’ post-event positive correlation with SAM showed a
significant ascent (Figure 8).

3.5 Space Syntax Analyses
VGA for the cinematic spaces demonstrated that the three films’
layouts differed in the geometric structure (Table 4), as discussed
previously (Franz and Wiener 2005). Film 1 was a square-shaped
space with a central void representing a centrality. Film 2’s events
took place in an axial and linear space. In contrast, the
architectural structure of film 3 had a more irregular and
complex structure than the other two films, representing a
combination of multiple axes and central space. In other
words, the spatial characteristic of film 3 was a mixture of the
other two films’ geometric structures. Thus, the measurement
indicators of films’ architectural syntax differed, and the event’s
impact was related to each space (Figure 9).

Regarding the isovist index, film 1’s space, despite the high
area index, encompassed low compactness, whereas films 2 and 3
had almost the same area and compactness indicators. In
addition, the connectivity index of spaces in film 1 and film 3
was relatively high but moderate in film 2. Still, the connectivity
level of different segment points of film 3 spaces had a higher
deviation from average points than the other two films. In other
words, in film 3, segments’ points showed different connectivity
than the other two films. Regarding the gate counts index, despite
the differences between films’ spaces, the gates were symmetrical
for all different segments of the spaces. In terms of visual
indicators, film 3 showed high entropy, controllability, and
mean depth, whereas these indicators were lower for film 2
than the other two films. Although film 1 showed similar data
to film 3, the indicators’ intensity was notably lower than film 3.
Consequently, film 2 had a much lower standard deviation in
terms of the distribution of different data from spatial
measurement criteria, showing that the segment points were
more similar in terms of spatial measurement indicators, and
the spaces were more homogeneous. In contrast, film 3 had a
much lower homogeneity of points, and film 1 was average
between films 2 and 3.

4 DISCUSSION

Converging research findings show that spatial cognition based
on mental embodiment proved to be significantly effective in
analyzing the ordinariness of lived spaces and the impact of the
disruptive event to understand the architectural quality of a place.
As studied before (Li et al., 2021), environmental quality is crucial
in achieving a sustainable and communicative design, and non-
physical factors such as personal attitudes and past events affect
this quality (Torresin et al., 2018). To achieve the sustainability
goals, we focused on multiple mental and cognitive aspects of
space to highlight the vitality of enhanced perception in everyday
sustainable design thinking. Accordingly, environmental stimuli
validated their influential roles in activating the sign system,
which led to consequent event recall based on past experiences,
root beliefs, and mentality between different participants,
confirming the rhythm analysis theory (Lefebvre 2013). The
narrative features of space in the cinematic form reveal
significant potential for testing mental hypotheses and
inferences. This test, both in movement-image and time-image
theoretical frameworks, signifies the importance of remembering
past experiences and their impact on assessing present and future
in cognitive processes. Strong stimuli can enhance the potential to
improve the illusion of motion in space and blend in with actual
physical activity as they make a combination of real and false
movements. This cinematic experience illustrated its practical
aspect of capturing architectural essence in the behavioral
analysis frame by frame to highlight each element’s physical
and mental effect in understanding the sustainability of
everyday life in terms of perception and communication. In
this regard, the problematization concept of noticing the
spatial impact on the cognitive behavior can be highly debated
in sustainable design thinking and environmental research.
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Moreover, criteria and components of understanding the
quality of banal versus heterotopic spaces that are affected by
events turn out to be substantially different. The geometry,
structure, and isovist index of spaces analyzed in previous
studies (Montello 2007; Osmond 2011; Kuliga et al., 2013;
Xiang et al., 2021) were critical on how the event affects and
changes attitudes towards spatial perception. The space syntax
factors with higher event disruption had a different structure than
the other two spaces in film spaces. The space with the non-linear
structure and spatial diversity, such as the combination of various
areas, different isovist properties, level differences, and visual
connectivity, can determine an interactive and mentally engaging
environment to generate a socially accepted sustainable design
and improved environmental communication.

In addition, activation of the sensory-motor system leads to
better imagination and improved perception of space. In an
architectural space with more geometric complexity, the
tendency to predict the next space and possible events in that
space increases due to more engagement with spatial elements.
Also, when more intensive events are witnessed, the sensory-
motor activity is enhanced to imagine and predict the following
scene environment. Hence, the cinematic space with a non-linear,
complex, and hybrid geometric structure, within the context of a
highly disruptive event, can transform a banal space into an
inhomogeneous space and subsequently bring a more accurate
perception of the quality of space. When an architectural space
combines various axes for enhanced exploration, it holds more
interactive spatial elements such as corridors, stairs, transparent
materials, and integrated spaces with multiple areas and isovists.
This quality can evoke cognitive emotions to eliminate the
banality of lived space and validate more sustainable and
communicative space criteria.

Conversely, poor environmental qualities decelerate cognitive
tasks and debilitate physical and mental abilities. As Bala (2019)
previously discussed, perceiving a place in space facilitates
physiological needs and aesthetic satisfaction. In this study,
notable events in a home environment that signified placeness
successfully addressed these two factors by significantly changing
bio-feedback responses and the subjective assessment of spatial
qualities. According to our test model, the first part of each film
clip that shows ordinary house space was regarded as a baseline
situation to capture changes in biofeedback and psychological
assessment differences with post-event scenes. This procedure
was conducted tomake sure that the psychophysiological changes
of subjects were the outcome of space-related stimuli. During the
experiment, the human response to stimuli in space was highly
different in physiological, emotional, cognitive, and behavioral
aspects, as previously discussed (Plutchik 1980; Izard 2013;
Mahdavi 2020). In physiological feedback derived from
different events and spatial structures, the HR and BP were
most affected. We can also argue that the normalized quality
of space changed based on the type of mental schemas, previous
experiences, memory, and event recall.

As the subjects witnessed the film clips’ pre-event and post-
event sections in a time frame, the effect of time would be
essential to discuss. Participants in this study observed three
different events in a total of 15 min clips in which each clip could

have affected the subjects’ psychophysiological reaction. Previous
studies showed that repeated exposure to suspenseful stimuli in
films might cause affective habituation or desensitization (Mrug
et al., 2015; Chun et al., 2020). However, the biofeedback reports
do not show a significant desensitization effect since events’
impacts illustrate a gradual increase in reports from film 1 to
film 3, especially in the HR and BP. As we conducted subjective
assessments with Chills, SAM, and NAQ tests to support the
physiological changes reports, participants’ self-reports validated
a substantial impact throughout the film screening. Psychological
reports during the time spent from film 1 to film 3 show no
desensitization effects to influence the events’ intensity
evaluations.

Feeling Chills and goosebumps illustrated a significant impact on
changing the perception of place quality through the disruption of
the banalization of the cinematic space. Additionally, participants
with the positive affect scale in evaluating architectural space
qualities considered positive aspects of spaces more than negative
ones. In contrast, those with the reported negative affect scale before
the test paid more attention to the negative elements during space
observation. Likewise, participants with inclined negative personality
traits noticed a lower level of space quality due to more Arousal and
Chills and less Pleasure and Dominance. In contrast, subjects who
had reported self-positive personality traits noticed more positive
spatial attributes. Feeling lower Dominance and Pleasure but higher
Arousal in perceiving space overlaps the typical mentality of
individuals and collective mental schemas that lead to a
transcendent environmental perception. Feeling too much and
too low Pleasure causes the perception of space to be of lower
quality, but when it creates a sense of moderate Pleasure, it will be an
optimal criterion for an improved quality of space.

Regarding the aforementioned evaluations, some studies
concluded that self-reports are prone to bias (Schwarz and
Strack 1999), especially because they measure the conscious
side of the human mind. Other studies discussed that the
primary cognitive and emotional processes occur at the
unconscious level (Zaltman 2003). We tried to measure both
psychological and physiological aspects to validate our findings to
weaken the biased consequences. As a result, the overlap and
correlation between subjective and participants’ objective
assessments validate that they were solely impressed by spatial
properties as their physiological changes in the HR and BP had a
meaningful relationship with space quality reports. In this study,
our primary goal was to investigate the impact of space-related
events on variables. The analysis of differences between the pre-
event and post-event sufficiently answered our hypotheses. Also,
no similar exploratory study (Neter et al., 1996) has been
previously conducted to identify any additional significant
variables in regression analyses. As we found no confounder
to control its effect, we analyzed the unadjusted effect of the pre-
event and post-event and the age factor separately. Still, we
referred to the video-recorded contents from the participants
to report any further observations from apparent
psychophysiological changes. We found slight changes in skin
tone color, pupils, and in some cases, goosebumps during the
event and post-event scenes through the observational
examinations. After the post-event scene screening, some
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participants were overwhelmed by the spatial stimuli and felt
emotionally aroused. However, participants appeared to be more
relaxed during the pre-event scenes, illustrating an alignment
between observational analyses and subjects’ psychophysiological
assessments.

In summary, applying multivariate behavioral analyses of
subjective and objective evaluations during exposure to different
spatial qualities and configurations signifies critically debating results
to enlighten architects’ considerations during a sustainable design
process. Quantitatively observing cinematic environments can help
designers perceive how their upcoming elements of constructed
space will interact with occupants. By achieving sustainable
communicative space criteria, we can influence the society to live
more sustainably when their perceptions and cognitive behaviors are
highly regarded during the design process.

5 CONCLUSION

The analysis of the models in this research showed that
creating a common collective mindset can be attributed to a
broader context regarding the understanding of space. Placing
an event to perform a cognitive task in mind to transform
ordinariness into an inhomogeneous space can be an
operational concept. Everydayness, ordinary space, and
events differentiate perceptions and significant differences
in normalized space quality. The intersection of
psychophysiological assessments and space configuration
features can help designers consider human behavior and
subjective evaluation during the sustainable design process
to enhance human–environment communication. As
discussed in this research, multiple factors such as root
beliefs and past experiences, personality traits, emotional
feelings of a lived space, and the space structure play a
substantial role in the pre-evaluation of the elements of a
built environment. Utilizing film space screenings to capture
architectural impacts on the cognitive behavior can
substantially help sustainable thinking during the design by
undertaking spatial interactions and enhanced perception. In a
sustainable realm, enhancing cognition in environmental
communication can be a problematic design approach when
our everyday places such as homes integrated with our body
and mind become boring and monotonous.

6 LIMITATIONS AND FUTURE RESEARCH

In future research, more sophisticated techniques such as
neuroimaging can be conducted to obtain neurophysiological
outputs in different brain parts, such as environment-related

stress (Choi et al., 2015) or discomfort (Han and Chun 2021), and
compare them with this study’s self-assessment variables. Also, it
would be more accurate to examine and compare the elements of
space in each scene frame of the studied film separately to analyze
the impacts of events intensity more precisely. Accordingly, gaze-
related tools such as eye-tracking with emphasis on the eye pupil
attention (Choi and Zhu 2015) can offer a suitable potential to
examine each architectural element. ANCOVA analyses will give
us more comprehensive outcomes from adjusted variables after
identifying different effective variables and controlling them in
future studies. Focusing solely on the effect of stimuli in a specific
group of people may not be generalized to a large population
when ignoring cultural differences and preferences (Wang and
Cheong 2006; Xu et al., 2008). It would be better to explore a
larger statistical population to reachmore comprehensive data for
personality traits and related affective factors, both within a
nation and between different nationalities. This holistic
approach helps to receive a notable comparison of
characteristics, beliefs, and past experiences between other
societies exposed to space stimuli for more comprehensive
sustainable design and communication discussions.
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