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This study introduces an innovative paradigm for the development of interactive, user-

responsive interior spaces. Historically, the design of interior spaces has been largely 

disconnected from the preferences and requirements of their occupants, necessitating user 

adaptation. However, advancements in technology, nanomaterials, and intelligent 

materials have paved the way for the customization of spaces to align with the individual 

needs and desires of users. Despite these technological advancements, a practical 

mechanism for the application of intelligent materials and technologies in the design of 

user-responsive spaces remains elusive. This study aims to address this gap by 

developing a novel software solution for the creation of color-responsive interactive 

spaces. The proposed software employs interactive smart materials, particularly 

thermochromic pigments, to enable spaces to engage with inhabitants in a dynamic 

manner. Preliminary findings from the Thermochromic Interior Design (TID) program 

indicate a consistent physiological response across different environments. Yet, the 

distinct color dynamics within each space foster a unique interactive experience. This 

study thus extends the current understanding in the field by proposing a proactive 

approach to interior design that capitalizes on smart materials and technologies. 

Furthermore, the research highlights the potential of these technologies in crafting 

adaptive and personalized spaces, posing a paradigm shift in our interaction with our 

environment. The adaptability and interactivity facilitated by such spaces could enhance 

user satisfaction and engagement across various contexts, from residential to commercial. 
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1. INTRODUCTION

The potential for interior design to enhance human 

experience by augmenting architectural spaces, with a keen 

focus on user needs as the design's foundation, is well-

documented [1]. This emphasis on user-centricity has 

precipitated the emergence of interactive spaces, engendering 

environments that can engage in a dialogue with users. The 

constituents of interior spaces have evolved, extending beyond 

static objects intended for human use to entities capable of 

sensing, recognizing, and interacting with users, and adapting 

to their needs in a manner that optimizes space utilization and 

maximizes customer satisfaction [2]. The current 

technological landscape has seen the proliferation of smart 

materials, which when interfaced with a data source through a 

digital network, can facilitate a two-way information exchange 

with humans and other physical components, as evidenced by 

[3]. The ability of these materials to respond to external stimuli 

and modify their properties accordingly ensures 

programmability. The advent of interactive design and smart 

materials has effectively bridged the gap between the 

environment and the user, adding new dimensions to this 

relationship. As a result, the conceptualization of space and its 

function have undergone a novel reinterpretation. This 

suggests that an Interactive Interior not only influences the 

implementation of the design but also its final form. 

Considering the transformative potential of this technology 

and its capacity to make architectural designs more responsive 

to user needs at the design stage, the current research aims to 

address the existing lack of a mechanism or strategy that 

architects can utilize to design smart interactive technologies 

that cater to users' desires. In this context, the implications of 

smart materials and interactive design in transforming user 

experience through personalized and adaptive spaces will be 

explored. 

2. RELATED WORK

Many studies focused on the effect of color in interior 

design and its physiological importance on the functional 

nature of space and its users [4-6]. Some studies also provided 

tools on the application of colors in interior spaces and 

choosing the appropriate color for the interior environment 

and previewing the color at the time of design [7]. Zhu et al. 

[8] put an approach, which is a color suggestion Tool for

fournitures and Interior’s parts compatible with the overall

color picture of the interior scene. These works reduce the

burden of interior designers in choosing the appropriate colors

for the interior spaces. However, all of these studies deal with

colors and their effects separately.

Our software offers the possibility of linking color and its 

physiological effect and its relationship with the nature of the 

function of space as a tool to assist in the design. It employs 

smart interactive materials in the first design stage to apply 

them to the architectural structure (such as a wall) provide a 

special internal environment for each individual and 

compatible with his physiological desires. 
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3. INTERIOR INTERACTIVE ARCHITECTURE 
 

Interaction as an architectural feature in interior spaces 

provides a solution for adapting and allocating buildings [9]. 

Crippa [10] explained that based on technological 

development, the concept of traditional space with its expected 

use and associated with a specific function and a fixed 

relationship with neighbors will become a thing of the past. 

Therefore, the central idea of designing “Interactive Interior 

Spaces” in transforming elements of interior spaces and 

surfaces (walls, floors, ceilings) to become interactable and 

responsive to interactions with or between space occupants 

through the capabilities of intelligent technologies (embedded 

in the material itself) and responding to people, motions, 

physical manipulation, or other physiological and 

psychological data. Interactive indoor environments have the 

ability to be more adaptable to personal preferences and 

behavioral patterns. These modifications can be changes in 

their appearance, shape, color, pattern, luminosity, or texture 

[11]. 

 

 

4. INTERACTIVE SPACES FUNCTIONS 
 

The built environment through the concept of interactive 

interior spaces contributes to the organization of social 

processes and plays a role in the establishment and stability of 

the social order and acts as a form of communication. Through 

the following: 

• Communication with the interactive space 

Interactive architecture is characterized by multiple 

qualities that represent a new type of built environment, such 

as the ability to communicate with users and interact with them, 

which provides immersion in the built environment. The 

ultimate goal of this interaction is to provide an interactive 

experience and allow all users to feel comfortable and 

communicate. Therefore, the continuous analysis of user 

behavior allows the building to understand them and creating 

a beneficial and enjoyable relationship with them [12]. 

• Understanding users’ behavior 

By evaluating the user’s behavior, which is one of the 

characteristics of interactive architecture in understanding the 

behavior, learning and development, it provides the possibility 

of anticipating the activities of the individual to some extent, 

allowing the environment to adapt proactively. This facilitates 

and allows the implementation for user activities that have not 

yet occurred, which makes the interactive space more 

enjoyable to use [9]. 

• Learning from users 

The bulk of interactive space behavior depends on users’ 

performance and other external stimuli using learning and 

development by tracking the environment of users and 

evaluating their response to cues, thus learning how to 

communicate with them effectively. An interactive 

environment can provide cues to users about how to act within 

it and make choices about using space [9, 13]. 

• Multiple user adaptations 

The uses of the architectural environment differ according 

to the type and number of users, it may be used by one or a 

number of users participating in one or more activities  [14, 15]. 

The role of spatial adaptation is not limited to meeting the 

individual needs of its users rather, it provides a solution 

between a group of users by giving priority to some activities 

or some users at the expense of others. The priority of activities 

can be determined based on various criteria such as the well-

being of the people, the importance of an activity, or the 

purpose of the activity. These criteria can change over time  

[9]. 

Smart interactive indoor spaces can reflect social 

performance in several ways, including [16]: 

• Changing the shape of the space as desired by users. 

• Adaptation to different types of activities. 

• Linking the physical environment with the virtual 

environment. 

 
 

5. INTERACTIVE ARCHTECTURE AND 

ARCHITECTURAL DESIGN 

 
The purpose of interactive design is to achieve a level that 

creates a kind of balanced interrelationship between the 

different aspects affecting the design. Balance does not 

necessarily mean equality between forces, but rather achieving 

a level where different forces and factors are neutralized by 

each other. The interactive architecture will analyze all aspects 

of architectural design and establish a mutual relationship 

between its various aspects [17]  producing a final design that 

has the maximum and optimum adaptation to all factors and 

parameters. This makes the interactive architectural approach 

an effective and practical model for achieving sustainability in 

architecture and urban development, as well as its great 

potential for creating places with a sense of belonging  [18]. 

The design based on the concept of interactive architecture, is 

an interactive building (the mechanism in which the building 

and users are involved) where the built environment is 

determined by the dynamic behavior, the needs of its users, 

and the internal and external changing conditions [19]. 

 
 

6. RESEARCH DESIGN 

 
From a review of previous studies in terms of concepts, 

processes, methods, etc., the following can be noted: 

➢ Despite the fact that smart interactive technologies 

seek to improve the quality of life and individual well-

being and achieve sustainability, flexibility, etc. 

However, most of the research in the field of 

architecture dealt with the concept in a theoretical way, 

with no mechanism for their practical application. 

➢ Most of the research focused on the technical and 

technological side and how to achieve interaction 

technically and only referring to the user as a 

stimulative for this interaction. 

➢ Referring to smart interactive technologies as an 

addition to any space in the post-use stage, without 

mention to its role from the beginning of the designing 

process, which will contribute, especially in small 

spaces, to creating adaptive and sustainable 

environments. 

Most studies indicate that smart technologies, smart 

materials and technical expertise are already available, but 

there is a lack of the mechanism adopted by the architectural 

designer. 

Accordingly, the research problem is there is no clear 

method or mechanism to use the smart interactive materials 

that can be used by the architect and designer in achieving 

interactive interior spaces during the designing stage. 

The aim of this study is an attempt to develop a software 

that the architect can adopt in achieving the desires of the user 
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by using smart interactive thermochromic pigments material 

in their interior spaces. 

6.1 Smart interactive materials 

Technological advances and the miniaturization of 

components to the nanoscale such as sensors, processors, and 

actuators have led to the development of new classes of 

materials influenced by computing, the Internet of Things 

(IoT), and information and communication technologies that 

have promoted knowledge exchange and collaboration 

between different disciplines [20]. These materials outperform 

traditional smart materials through additional degrees of 

intelligence and interaction and are called interactive materials, 

connected, and smart (ICS)  [3, 21]  or Organic User Interface 

(OUI) [22]  or smart materials that interact sensibly with the 

surfaces (utrasurface) without the need for keyboards, buttons 

or touch screens, but through stimulation of the senses. These 

programmable materials can be used in many sectors 

(transportation, electronics, wearable things, smart objects, 

and architecture), showing huge potential for sustainability 

and resource reduction [20]. These materials help designers to 

design new environments that are stimulating and meaningful 

to people’s daily lives through the performance of materials by 

movement, changing colors, lighting and many other 

interaction  [21]. In general, it can be said that smart interactive 

materials are more advanced as they can be programmed at 

every stage of manufacturing and using  [20]. 

6.2 Color-change materials 

Color-changing materials or color-changing smart materials 

are materials that react to external stimuli by changing color 

or intensity. This is caused by subtle structural changes in 

these materials causing their optical properties (transparency 

or diffraction) to change in response to physical or chemical 

stimuli in the surrounding environment [23]. Thermochromic 

pigments are most commonly used in architectural 

applications as they are widely available nowadays in the form 

of ready-to-use pigments in a variety of colors where the 

reaction time and threshold are determined not only by the 

properties of each material but also by the mixture of 

chemicals [22], which makes it easy to apply to different types 

of materials covering both rigid and flexible surfaces [24]. In 

addition, color change by heat can be programmed 

electronically using heating factors underneath, while other 

color changing dyes are not easily controlled electronically, 

such controlled color change is of particular importance for 

designing and creating interactive environments. It stimulates 

interior designers in creating environments with changing 

appearance and changing interior elements, in addition to the 

possibility of slow interaction that suits the interior spaces, as 

mentioned by the study [22]. This is because it takes a few 

seconds to transform from one color to another depending on 

the heating factors underneath. 

6.3 Effect of color-changing materials in the internal 

environment 

Since thermochromic pigments provide the advantage of 

color change in the internal environment, it is necessary to 

refer to the determinants required by the application of color 

in the internal environment, which are architectural 

determinants and the determinants of its psychological impact. 

The color has a great impact on interior design with its effects 

on the perception of the nature of space and architectural 

elements in it (visual effect) besides its psychological effects 

on the people who use the space in terms of their feelings. The 

different mixture of colors can exert different effects and 

create a comfortable or uncomfortable living environment. 

The basic colors of the solar spectrum were used in addition to 

some colors that were referred to in the literature with the basic 

color group and divide into three categories warm, cool and 

neutral colors. 

7. SOFT-WARE MECHANISM

In order to put in use, the engineers and interior designers 

in interactive design and to involve the user in the interactive 

design process by giving him the freedom to choose the colors 

of his personal space. It was decided to adopt the Interactive 

Thermochromic Design (TID) software mechanism  (Figure 

1) as follows:

❖ Choosing type of the space that he desired color

interaction. 

❖ Choosing the psychological effect that he wishes

feeling in space. 

❖ The resulting interactive color is a product of the two

previous choices. 

At this stage, the colors, psychological effects, and spaces 

were converted into data formats using (Access). The values 

given in the intersection area between psychological influence, 

space and color, was represented by three values (0, 1, 2), as 

follows: 

▪ 0 means no correlation.

▪ 1 medium correlation.

▪ 2 strong direct correlation.

A decision-making algorithm was adopted based on the C_#

programming language within the .net frame work library. In 

order the software to decide the appropriate color for the 

required physiological effect within the specified space, three 

algorithmic equations were adopted: 

First: The Space-Factor equation=the value of space*the 

sum of the effects’ values; 

Second: Psycho-Factor equation=effect value*weight of 

the first physiological effect+=effect value*weight of the 

second physiological effect+=effect value*weight of the third 

physiological effect; 

Third: Final Score=the first equation (Space-Factor)+the 

second equation (Psycho-Factor). 

The program equations ensure the possibility of deducing 

colors even if the chosen space has limited associated colors. 

The equations work to derive a color related to the space and 

the first psychological effect. In the case that a color is not 

deduced, it moves to the second psychological effect, and so 

on, until a color is deduced. The color that has the highest score 

is the color that has the highest color association with space 

and with the psychological effect. The colors arrange from the 

highest score to the lowest. The first three colors shown on the 

display screen. 

Figure 2 shows the software working mechanism (TID) 

which starts from the space selection (box 1), followed by 

selecting three desirable psychological effects in space, 

according to priority from box 2, then pressing button 3, the 

resulting colors begin to appear as shown in Figure 3.
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Figure 1. Functional implementation diagram for (TID) 

Figure 2. Software working mechanism (TID) 

Figure 3. The resulting colors begin to appear 

7.1 Software result 

1. When choosing different spaces with fixed physiological

effects, as shown in Figures 4-7. 

2. Choose one space with different physiological effects, as

shown in Figures 8 and 9. 

3. An experience of similar space and similar physiological

stimuli example (girls’ bedroom and boys’ bedroom) as shown 

in Figures 10 and 11. 

4. One space what change is a physiological effect of one of

the three effects, as shown in Figures 12 and 13. 

Figure 4. Study room 
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Figure 5. Living room 

Figure 7. Girl’s bedroom 

Figure 9. Living room 2 

Figure 6. Dining room 

Figure 8. Living room 1 

Figure 10. Boy’s bedroom (when the physiological effect 

was: Joy, energy, comfort) 
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Figure 11. Girl’s bedroom (when the physiological effect 

was: Joy, energy, comfort) 

Figure 12. Elderly bedrooms 1 

Figure 13. Elderly bedrooms 2 

7.2 Discussion software results 

❖ The results of the (TID) program showed in a unified

physiological effect in different spaces, the colors of

the spaces will be different for each space, although

they give the same physiological effect. Where each

color is associated with a specific space.

❖ The results can be attributed to the fact that the colors

are the point of intersection between the two factors,

space and the physiological effects. Therefore,

according to any of the two factors, the resulting colors

differ.

❖ The selected physiological effects and their order from

the most to the least important influence in deducing

the resulting colors. As well as, the change of a

psychological effect of one of the three psychological

effects for the same space leads to a difference in one

or more of the resulting colors.

7.3 Limitation of the software 

In this study, the number of colors used in the software is 

24 colors, 62 physiological effects and 13 spaces. However, 

colors, spaces, and psychological effects can be added to cover 

all color gradations and effects, as well as residential and non-

residential spaces (open data program). 

8. CONCLUSION

The findings of this research are consistent with previous 

study by Tigwell and Crabb [25] and Wilson et al. [26], where 

found that peoples preferred smart technologies, such as 

colour-changing lighting and interactive artwork of their 

homes and that residents preferred smart home technologies 

that customized to their individual preferences of their living 

spaces. 

The software, through its algorithms and its use of smart 

interactive materials, offers a practical way to transform 

people’s desires into their preferred indoor environment. 

Software using smart interactive materials and computer 

technologies can contribute to changing our view of the design 

process and the designer’s interaction with the client. The 

application of the software on a specific number of architect 

and people showed interaction especially in designing their 

spaces in an organized manner in the early designing stages. 

Applying of interactive smart materials through the software, 

provides the possibility of taking more than one design factor 

in certain proportions according to priority or importance 

(such as the nature of space, its function, and physiological 

effects) in producing an internal space that achieves both 

effects together, such as in the case of the same physiological 

effects in children’s rooms, the resulting colors are different 

for males than for females, and this contributes to creating 

personal environments for each individual. However, there is 

a possibility of increasing the influencing factors (such as the 

effect of lighting, whether natural or industrial, and other 

design factors) since the software data is unlimited. This is the 

significance of interactive architecture and one of the most 

important characteristics of smart interactive architecture. 
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