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Abstract:
The aim of this study is to develop and explain a smart housing model in Baghdad to optimize energy consumption using advanced
technologies. This survey-based research follows a quantitative approach. Key smart housing components were identified through a literature

review, and a custom-designed questionnaire was distributed among 200 participants (residents and urban development experts) in Baghdad’s
Al-Mansour and Al-Jadriya districts. Data were analyzed using LISREL software and structural equation modeling. Instrument reliability
was confirmed using Cronbach’s alpha, and construct validity was statistically supported. The results revealed four main factors influencing
smart housing perception: the psychological factor had the greatest impact (factor loading = 0.71), including aspects of security and peace of
mind. The environmental factor (loading = 0.62) emphasized energy efficiency and green space integration. The economic factor (loading =

0.59) reflected the importance of reduced maintenance costs and advanced materials. The physical factor (loading = 0.53) had the least
influence, involving building design and infrastructure components. All factors were statistically significant (t-values > 1.96). The final

model indicates that psychological and environmental components play a stronger role in shaping user perceptions of smart housing than
physical or economic factors. Therefore, policymakers and urban planners should prioritize psychological well-being and ecological

sustainability in smart housing initiatives.
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Extended Abstract

Introduction

In the age of rapid urbanization and environmental crisis, the concept of smart housing has emerged as a critical response
to escalating energy consumption and the growing demand for sustainable urban development. Cities around the world are
transitioning from traditional urban management models toward technologically integrated smart systems. Within this
framework, smart buildings play a pivotal role by leveraging advanced digital infrastructures to optimize energy consumption,
ensure safety, and enhance quality of life. According to global estimates, buildings account for over 40% of global energy use
and about 30% of greenhouse gas emissions, making them one of the most significant contributors to climate change (6, 7).
Addressing energy efficiency in buildings is thus a strategic imperative in achieving sustainable development goals.

Recent advances in Internet of Things (l1oT), artificial intelligence, and Building Management Systems (BMS) have allowed
for the creation of smart environments where lighting, ventilation, heating, and security are all managed through adaptive, data-
driven systems (2, 9). This evolution has shifted the focus from merely constructing shelters to building responsive, user-centric
environments. In cities like Baghdad, with historical urban layouts and contemporary infrastructural challenges, smart housing
offers an opportunity to integrate traditional architecture with innovative energy solutions (4, 24). The development of such
models is not only a technological endeavor but also a sociocultural and psychological one, as user perceptions of safety,
comfort, and environmental awareness significantly shape the adoption of smart technologies (13, 23).

The role of psychological and social dimensions in the design of smart housing is increasingly acknowledged in the
literature. Residents seek not only lower energy bills but also increased control over their environment, enhanced comfort, and
a sense of security—objectives that smart systems are uniquely positioned to deliver (1, 12). Moreover, the application of smart

materials such as photochromic glass, thermochromic coatings, and energy-storing construction components provides
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architects and engineers with novel tools to design buildings that are not only efficient but also interactive and adaptive to
environmental changes (25, 26). The convergence of these technologies paves the way for cities like Baghdad to implement
sustainable architectural models that meet both environmental and societal needs.

While global smart housing initiatives have made significant strides in regions such as Europe, North America, and East
Asia, cities in the Middle East, particularly Baghdad, face unique challenges. The historical fabric, climatic conditions, socio-
political dynamics, and varying degrees of digital literacy all influence the feasibility and success of smart housing deployment
(5, 14). Thus, the development of a localized smart housing model for Baghdad must account for these multifaceted factors,
prioritizing psychological well-being, environmental adaptability, and economic viability. This study, therefore, aims to design
and validate a context-specific smart housing model for Baghdad, focusing on optimizing energy consumption and improving
residents’ lived experiences through a multi-dimensional framework.

Methods and Materials

This applied research adopted a descriptive-analytical design with a quantitative approach. The research process unfolded
in two main phases. In the first phase, theoretical and empirical literature was reviewed to identify and categorize the key
components of smart housing, leading to the construction of a conceptual model. In the second phase, a structured questionnaire
was developed based on the identified dimensions—physical, environmental, economic, and psychological—and distributed
among two target groups in Baghdad: 100 residents from selected neighborhoods (Al-Mansour, Al-Jadriya, and others) and
100 experts in architecture and urban planning.

Data were analyzed using confirmatory factor analysis (CFA) and structural equation modeling (SEM) through LISREL
software. The reliability of the questionnaire was confirmed using Cronbach's alpha, and the validity of constructs was
established through convergent and discriminant validation techniques. Each latent variable was assessed based on multiple
observable indicators, and second-order CFA was applied to assess sub-dimensions such as comfort and safety under the
physical factor, and energy optimization and green space under the environmental factor.

Findings

The factor analysis results validated a four-factor model comprising physical, environmental, economic, and psychological
dimensions as first-order latent variables and smart housing as the second-order construct. Among these, the psychological
factor demonstrated the highest impact on the smart housing construct, with a factor loading of 0.71 and a t-value of 9.79,
indicating strong statistical significance. The environmental factor followed with a factor loading of 0.62 and a t-value of 6.94.
The economic factor showed a moderate effect (loading = 0.59, t = 2.53), while the physical factor had the lowest impact
(loading = 0.53, t = 8.61).

Within the psychological dimension, indicators related to safety and mental comfort, such as smart access control systems
and fire detection technologies, were most influential. In the environmental dimension, smart climate control systems and
integration of green spaces (e.g., rooftop gardens and vertical vegetation) were highly rated. Economically, respondents
emphasized reduced maintenance costs over short-term savings in utility bills. Physical indicators such as smart ventilation,
lighting, and audiovisual systems were noted for their utility, but were perceived as secondary in overall housing satisfaction.

Second-order CFA further confirmed that within the physical factor, comfort-related indicators like air conditioning systems
had a higher loading (0.51) compared to low-impact technologies such as smart pet feeding systems. Within the environmental
factor, the use of smart HVAC systems for energy optimization had a dominant loading (0.83), while green space usage scored
a high loading of 0.88. Economically, maintenance savings (0.51) outweighed other cost-saving mechanisms. Psychologically,

gate security systems and intelligent fire alarms contributed most to residents' sense of safety and peace of mind.
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Discussion and Conclusion

The findings of this study underscore the centrality of psychological and environmental components in defining residents’
perceptions of smart housing in Baghdad. Contrary to assumptions that physical and economic factors would dominate housing
preferences in developing urban environments, this research reveals that aspects such as emotional security, mental tranquility,
and ecological sensitivity carry more weight in shaping user satisfaction. This suggests a paradigm shift in architectural and
urban design approaches, where the human experience becomes a primary driver in smart housing implementation.

The high significance of the psychological factor aligns with global research trends indicating that residents prioritize
personal well-being and environmental quality over purely technical or financial considerations. In Baghdad’s context—
marked by socio-political instability and infrastructural limitations—features that enhance safety, predictability, and comfort
offer not just convenience but essential resilience. Hence, technological interventions that provide automated emergency alerts,
real-time monitoring, and controlled access are not luxuries but necessities.

Moreover, the environmental component’s strong influence reflects increasing public awareness of sustainability and the
tangible impact of energy-efficient technologies on daily life. The emphasis on green architecture, renewable energy use, and
pollution reduction is consistent with the broader movement toward climate-resilient urban forms. In Baghdad, where climatic
extremes are common, integrating smart green technologies into housing design serves both environmental and health
objectives.

Economically, while cost-effectiveness remains a relevant factor, its lower relative impact suggests that users are more
concerned with long-term savings and reduced maintenance burdens rather than immediate reductions in utility bills. This
highlights the importance of durable, low-maintenance technologies in future smart housing projects. The physical dimension,
though scoring the lowest, should not be overlooked; its contribution lies in enabling the infrastructure for higher-level
functionalities and enhancing sensory comfort.

Ultimately, the smart housing model proposed in this study offers a comprehensive framework that balances technological
innovation with human-centered design. It reveals that successful smart housing initiatives in Baghdad must not only leverage
cutting-edge systems but also be contextually adaptive, psychologically supportive, and environmentally attuned. Planners,
architects, and policymakers must therefore adopt a multi-dimensional lens in developing smart housing projects—one that
places as much emphasis on mental well-being and sustainability as it does on sensors and software. In doing so, they will pave

the way for more resilient, inclusive, and livable urban futures.
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