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Abstract

Interior design significantly shapes our built environment, influencing human well-being and
resource utilization (Smith, 2019). In response to this critical role, the study introduces an
innovative analytical framework for assessing the efficiency and effectiveness of interior
spaces. The used approach integrates quantitative metrics with a deep understanding of space
anatomy, emphasizing how design decisions impact decision quality (Brown, 2020).
Through rigorous analytical study, we seek to enhance decision-making processes. By
dissecting space anatomy, we uncover insights that empower designers to make informed
choices, ultimately improving the overall quality of interior design projects, and quantifying
the efficiency of interior design spaces using an arithmetic approach. By evaluating the
relationship between outputs and inputs, we aim to optimize resource utilization while
minimizing waste, leveraging network measurement concepts, and exploring intricate
relationships among diverse design elements and project activities (Garcia, 2018), using
(Quantitative  Assessment, Space Anatomy Impact, and Network Measurement). The
research findings contribute significantly to elevating decision-making processes within
sustainable interior design, fostering environmentally conscious choices.

Keywords
Efficiency, Effectiveness, Interior Design, Decision Making, Network Measurement

gadlal)
(Y9 aran) )l sall Aoty sy Al o S5 Lee S 8 dad) Wity A8 apanatll ISy
el ey Cun AN ol aal) Adled 5 S apl 1500 Uil 15U Al all i calgd) ) sall 13gd Al
Lolee 3asa ,ili 488 o 58 5 ae (A jall jalic o 5 S8 Gread) agdll e daSl) unliall axiiodl)
é} (S sz\ﬁﬁd 4731.\1& :\.u\).l BN OA}BI‘OWH,ZOZO) ) u\)\)ﬂ\ Y (5 glua UJG wﬂ\ L_:\)\)sﬂ C_MA} KB
O S (pamll lgazy ABle go yualic 5 A jaal) o it andy Lo OA (e Il piaa cllee 3 30
Ale & SR araatll a Ll ALLED 32 gl Cpat o Jard dilia &l JA3) e Creanadl (K45 53
ﬁ—}LA‘)MS‘ O a8l H:\SJ da 8% (;’\—“A c@.} e\é;.\_ul_\ ‘EA;\JS\ H.A_.A.\S\ Clal e 368 u.u\_\éj calladll
¢ oaS)) apiill) alaail, Garcia, 2018)) ¢ o L iall Aol g de giiall apanaill jualic G baieall CIEMa) GLISIL
e Cllee (5 gl @b ) & S IS8 Gl 5 aaludy (Sedd) (bl Al jaal) pualic gy 53l
Lo el sl el Al 5 35 calinnall Al apaaill a1
doalidall calalst)
é.uﬂ\ ol ¢ al ) céa\ﬂ\ (g:mmﬂ\ gdelall 3o lasl)

Doi: 10.21608/js0s.2024.314070.1592 1064


mailto:ahmed.halim@eliteinteriorseg.com

YoYE b (1) ald e aol ) Alaall - avanail) g & il Adaa
Lail) o) 2 Y daala Lo )l (5l g psacall) A30St Jg¥) paiipal)
(Aaaall deliall Ll 435 ) ¢)) gie
Introduction
Interior architecture designers play a pivotal role in shaping our built environment. Their
decisions not only influence aesthetics but also significantly impact human well-being and
resource utilization. As these designers strive to create sustainable and functional interior
spaces, the need for a specific methodology becomes evident. This methodology should
enable them to make accurate decisions that enhance the overall quality of interior design
projects.
Interior designers face multifaceted challenges when making decisions. They must consider
various factors, including aesthetics, functionality, user experience, and environmental
impact. However, subjective judgments alone may not suffice. To what extent can designers
objectively measure the quality of their decisions? How can they improve their choices
systematically?
The core lies in quantifying the efficiency and effectiveness of interior spaces. Efficiency
refers to achieving optimal outcomes with minimal resource waste, while effective ness
relates to the degree of alignment with project goals. By measuring these dimensions,
designers can enhance decision-making processes and contribute to a more sustainable built
environment.
Context and Significance: Begin by providing context for your literature review. Explain
why environmental activation in sustainable interior design is acritical area of study. Discuss
how it impacts human well-being, resource utilization, and the owverall quality of interior
spaces.
Research Gap: Highlight the need for further investigation in this field. Mention any gaps
or unanswered questions related to environmental activation.
Objective:
Efficiency Measurement: Our primary objective is to quantify the efficiency of interior
design spaces using an arithmetic approach.
Enhancing Decision Quality: Through rigorous analytical study.
Hypotheses:
Quantitative Assessment: We hypothesize that efficiency and effectiveness in interior spaces
can be objectively measured. Our mathematical framework allows us to evaluate design
outcomes rigorously.
2. On Space Anatomy Impact: Analyzing the intricate anatomy of interior spaces
significantly improves decision quality by optimizing layouts, materials, and functionality
through a better understanding of spatial relationships.
3. On Network Measurement: Applying network measurement concepts to control
relationships among project elements enhances efficient coordination and collaboration
through a holistic view.
Literature review
Origins of Researchin Sustainable Interior Design
Sustainable interior design emerged as a response to mounting concerns about
deforestation, pollution, and resource depletion. Rooted in the principles of responsible
production and consumption, sustainable design seeks to minimize negative environmental
impacts while promoting longevity and resilience. This review explores pivotal moments,
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influential studies, and visionary designers who have shaped the trajectory of sustainable
interior design.
Early Foundations: Late 1980s to Early 1990s
Sustainable Development Awareness: The late 1980s witnessed the emergence of sustainab le
development as a global mmperative. The Brundtland Commission’s report, “Our Common
Future” (WCED, 1987), highlighted the interconnectedness of environmental, social, and
economic factors.
Recognition of Product Impact: Researchers and practitioners recognized that products—
especially those related to interior design—played a central role in environmental and
societal impacts. Negative consequences were linked to production, consumption, and end-
of-life disposal (McAloone & Pigosso, 2017).
Pioneering Studies and Influential Designers
The ICED Series: The International Conference on Engineering Design (ICED) has been a
pivotal platform for sustainable design discourse. Since its inception in 1981, ICED has
hosted discussions, presentations, and research on sustainable practices within design
(Bhamra & Hernandez, 2021). Notably, ICED has reflected the shifting focus from recycling
and end-of-life considerations to a holistic emphasis on sustainability throughout the product
lifecycle.
Laura Hodges Studio: Laura Hodges, a LEED Accredited Professional, exemplifies
sustainable design commitment. Her projects integrate vegan leathers, vintage pieces, and
green walls filled with houseplants. Hodges emphasizes material reuse, donation of excess
furnishings, and sourcing from vendors with sustainable practices (Hodges, personal
communication, 2021).
Sean Leffers Interiors: Sean Leffers combines timeless aesthetics with eco-conscious
technologies. His design approach highlights antiques and embraces sustainable materials.
Leffers advocates for responsible sourcing, minimal waste, and collaboration with local
woodworkers (Leffers, personal communication, 2021).
Sustainable interior design has evolved significantly over the past three decades. Pioneering
studies, conferences like ICED, and visionary designers have propelled the field forward. As
we move toward agreener future, the lessons learned from these origins underscore the need
for continued research, industry leadership, and collaborative efforts to create interiors that
harmonize with our planet.
The field has evolved; for example, early studies may have focused on energy-efficient
materials, while recent research emphasizes holistic approaches to sustainability.

Early Studies: Energy Efficiency and Material Selection

Energy-Efficient Materials:

Origins: In the 1970s and 1980s, the energy crisis prompted investigations into energy-
efficient building materials. Researchers explored insulation, glazing, and lighting systems
to reduce energy consumption.

Influential Studies: Pioneering works like the “Passive Solar Handbook™ by Mazria (1979)
emphasized passive solar design principles, harnessing natural energy for heating and
cooling.
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Material Lifecycle Assessment:
Emergence: By the 1990s, scholars recognized that material selection impacted
environmental impact throughout a product’s lifecycle, Life Cycle Assessment (LCA) gained
prominence.
Holistic Approach: Researchers assessed materials based on extraction, production,
transportation, use, and disposal. This holistic view informed sustainable material choices
(Bhamra & Hernandez, 2021).

Contemporary Research: Holistic Sustainability

Beyond Energy: Recent research transcends energy efficiency. It embraces broader
ecological, social, and economic dimensions.

Circular Economy: The circular economy framework advocates for closed-loop systems,
minimizing waste and maximizing resource reuse. Interior designers now consider material
circularity and end-of-life scenarios (Bhamra & Hernandez, 2021).

Biophilic Design: Biophilia—the innate human connection to nature—has gained
prominence. Researchers explore how integrating natural elements (plants, daylight, water
features) enhances occupants’ well-being and environmental harmony (Kellert, 2008).
Health and Well-Being: Sustainable interiors prioritize human health. Studies link indoor air
quality, acoustics, and lighting to occupant well-being (Heschong Mahone Group, 2003).
Social Equity: Sustainable design extends beyond physical spaces. Researchers advocate for
social justice, inclusivity, and community engagement (Guerin & Guerin, 2019).
Sustainable interior design has evolved from a narrow focus on energy efficiency to a holistic
approach that considers materials, well-being, and social impact. As we navigate complex
global challenges, interdisciplinary collaboration and ongoing research remain essential for
aresilient and regenerative future.

Theories and design practices

Architects and interior designers have drawn upon various theories and design practices to
create spaces that harmonize human well-being with ecological balance (Fig.1). By
understanding psychological factors, architects can shape interior environments that
positively impact occupants’ behavior and emotions. Beyond mere functionality, architecture
becomes a catalyst for physical, physiological, and psychological well-being.
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FIGURE 1 EXAMPLES OF THE PSYCHOLOGICAL FACTORS INFLUENCING OCCUPANTS’ INTERACTIONS
WITH INTERIOR SPACES - DEVELOPED BY THE RESEARCHER

Consequently, there is a pressing need to emphasize relevant theories and conceptual
frameworks that inform design decisions promoting environmental activation, such as:
Environmental Psychology, where the interplay between human behavior and interior spaces
takes center stage. Environmental psychology, also known as space psychology, explores
how our surroundings influence our emotions, actions, and overall well-being. Lighting,
colors, spatial configuration, acoustics, and materials all play a role in shaping our
psychological responses within built environments (Kopec, 2020).

Safety and Comfort: Architects must prioritize safety, social connectedness, ease of
movement, and sensory stimulation when designing interior spaces. These factors directly
impact occupants’ experiences. For instance, a well-lit hallway with clear signage fosters
comfort and reduces anxiety. Additionally, according to (Altomonte, Sergio) the principles
of design—such as balance, proportion, symmetry, and rhythm—can introduce a sense of
harmony.

Social Connectedness: (Kaup, Migette) The arrangement of furniture and spatial layout
significantly influences our sense of comfort and interactions with others. Open plans
encourage collaboration, while segregated spaces promote focus and concentration.
Biophilic Design: Integrating natural elements—such as daylight, plants, and water
features—enhances our connection to nature. Biophilic interiors reduce stress, improve
focus, and contribute to overall well-being. Imagine a sunlit office adorned with potted
plants, where occupants thrive both mentally and physically (Kopec, 2020).

By establishing a coherent relationship between nature, human biology, and the physical,
visual, and emotional aspects of architectural spaces (Stouhi, 2023). Architects and designers
have collaboratively explored how to utilize the aspects of nature that most impact our
relationship with the built environment. Many theorists organize biophilic design princip les
under three categories: Nature in the space, nature of the space, and natural analogues, all of
which determine a physical, visual, and emotional connection to the natural world. This
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framework goes beyond materials, light, and ventilation, emphasizing that effective biophilic
design lets the earth be the architecture itself or at least a significant part of it. Locally-
appropriate design is also crucial, ensuring that the architecture blends seamlessly with its
specific surroundings.
The successful application of biophilic design principles stimulates a wide spectrum of
benefits. Physically, it improves fitness, lowers blood pressure, and reduces illness
symptoms. Mentally, it enhances motivation, productivity, creativity, and decreases stress
and anxiety. Behaviorally and cognitively, it leads to improved coping skills, attention span,
and increased social interaction. Examples of biophilic design in practice include the iconic
Gardens by the Bay in Singapore, where green spaces and vertical gardens foster a more
sustainable and livable urban environment. Additionally, projects like the Six Square House
by Young Projects demonstrate how integrating natural materials, abundant natural light, and
greenery can create harmonious connections between people and their built environments
(Stouhi, 2023).
Not to forget the role of smart sensors, 10T devices, and data analytics in optimizing
environmental conditions, which helped to investigate how sustainable design impacts
occupants’ health, productivity, and satisfaction.

Methodological Approaches

Compare research methods (Quantitative vs. Qualitative) commonly used in sustainable
interior design studies. Quantitative methods (surveys, measurements) provide numerical
data, while qualitative methods (interviews, case studies) offer deeper insights. However,
some studies combine both approaches to benefit from such a diverse toolkit. Creating a
holistic understanding of environmental activation, informing better design practices. Shaped
by research, industry practices, and visionary designers. Early studies in the late 20t" century
focused on energy-efficient materials and passive solar design. Researchers explored
insulation, glazing, and lighting systems to reduce energy consumption. Notable works like
the “Passive Solar Handbook” by Mazria (1979) emphasized these principles. However,
contemporary research takes a holistic approach, considering not only energy efficiency but
also health, well-being, and social equity. The emergence of the circular economy framework
emphasizes closed-loop systems, minimizing waste and maximizing resource reuse.
Examples of successful cost-effective sustainable projects include IKEA’s circular economy
initiatives, the energy-efficient office building “The Edge” in Amsterdam, and Patagonia’s
Worn Wear program. These projects demonstrate that sustainable practices need not be cost-
prohibitive and can align financial viability with environmental responsibility. As the field
continues to evolve, interdisciplinary collaboration and ongoing research remain essential
for resilient and regenerative design.

Although, progress in sustainable design, gaps persist in our understanding of environmental
activation. Key questions remain unanswered:

How can we objectively measure the impact of design decisions on occupants’ well-being?
What strategies enhance efficiency and effectiveness in interior spaces?

Are there overlooked factors that significantly influence environmental activation?
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Several trials have been done through this paper to address these gaps by proposing an
analytical approach to quantifying environmental activation in sustainable interior design,
listing valuable insights into the field, and empowering designers to make informed choices.
Focusing on the relationship between the number of outputs to the number of inputs.
Regarding that the main goal of efficiency measurement is to maximize the number of
outputs and minimize the waste of resources [materials, energy, efforts, money, and time].
To achieve Efficiency = OUTPUT/INPUT * 100%.
So, the relationship between the outputs to achieve Effectiveness throughout achieving the
planned or targeted outputs = Quality.
Based on the interior design definition, this profession has three main elements that should
be taken into consideration (Fig.2).

Architectural elements
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FIGURE 2 INTERIOR SPACEELEMENTS

Each category or Sub-category of these elements should be weighted. On the other hand,
Space Conformance Monitoring (elements integration). [Here, it is important to monitor the
compatibility between the different elements within the vacuum and to what extent are
properly working to achieve its requirements]. (Conformance Testing: It is a methodology
used to ensure that a product, process or systems meets a defined set of
standards/requirements).

Therefore, defining the project Scope of Work will always be the path to List the weighted
goals and objectives for your project. [In this phase it’s too important to classify the
objectives to be sure that all stakeholders’ needs are covered. So you can use the
stakeholders’ management figure (Fig.3) to fit each objective in the right corner (Fig.4).
Using a right corner will help you to weigh each goal or objective correctly.]
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FIGURE 5 STAKEHOLDERS’ ENGAGEMENT ASSESSMENT MATRIX
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Using stakeholders’ engagement assessment matrix will be particularly useful at this stage.
(Fig.5)
Then translate the Scope of work to a clear list of deliverables using WBS formats. (Fig.6)
[Here each point of deliverables should be weighted with expertise according to the project

objectives. The sum of all points or items should equal (1). 100% rule].
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FIGURE 6 WBS SAMPLE
The main aim of these procedures is to measure decision quality even if it is a design or
construction phase. Even when working on a report to assess a specific design to renovate an
interior space, there is a need to apply this methodology twice. One for the existing and the
other for the new one. This method will help to compare between the two cases
arithmetically. Supported with proper metrics to measure both inputs and outputs, such as:
Environmental Activation of Inner Space Components:
Energy Efficiency Metrics: Assess the energy performance of specific components (e.g.,
lighting, HVAC systems, appliances) within the interior space. Use metrics like energy
consumption (kKWh), energy cost, and energy intensity (KWHh/mg).

Dr. Ahmed Abdel Halim El Sayed«c Quantifying Environmental Activation in Sustainable Interior Design An Analytical Approach«Special issue
(1)<Nov2024 1072



YoYE b (1) ald e aol ) Alaall - avanail) g & il Adaa
Lail) o) 2 Y daala Lo )l (5l g psacall) A30St Jg¥) paiipal)
(Aaaall deliall Ll 435 ) ¢)) gie
Indoor Air Quality (IAQ) Metrics: Measure air quality parameters (e.g., CO:zlevels, VOCs,
particulate matter) to evaluate the impact of design decisions on occupants’ health and well-
being.
Daylighting Analysis: Quantify natural light penetration using metrics such as daylight
factor, illuminance levels, and spatial distribution of daylight.
Quantitative Metrics and Decision-Making:
Decision Quality Metrics: Evaluate the effectiveness of design decisions by considering
user satisfaction, functionality, and aesthetics. Use surveys, post-occupancy evaluations, or
usability testing.
Resource Utilization Metrics: Quantify material usage (e.g., square footage of flooring,
wall finishes, furniture) and compare it to project requirements. Minimize waste by
optimizing material selection.
Cost-Benefit Analysis: Assess the cost-effectiveness of design choices. Calculate the return
on investment (ROI) for sustainable features (e.g., energy-efficient lighting, recycled
materials).
Network Measurement Concepts:
Graph Theory Metrics: Apply network analysis to design elements (e.g., furniture layout,
circulation paths). Measure connectivity, centrality, and flow efficiency.
Collaboration Metrics: Evaluate collaboration among project stakeholders (designers,
contractors, clients). Assess communication networks and information flow.
Project Activity Metrics: Monitor project milestones, task dependencies, and critical paths.
Use tools like Gantt charts or PERT diagrams.
Not to forget that the used metrics should align with the specific project goals and context.
Regular monitoring and data collection throughout the design process will provide valuable
insights for informed decision-making.

Discussion:

This paper suggested an innovative framework that integrates quantitative metrics. These
metrics allow designers to objectively evaluate their decisions, considering factors such as
energy efficiency, indoor air qualty, and material utilization. By optimizing space
anatomy—including layout, spatial organization, and material selection—designers enhance
decision quality. For instance, thoughtful placement of windows for natural light, selection
of low-VOC materials, and efficient HVAC systems contribute to occupant well-being.
Additionally, we apply network theory to design elements, revealing hidden relationships
and improving collaboration. By fostering connections among occupants and stakeholders,
we enhance social connectedness within these spaces. Ultimately, this approach empowers
designers to create environmentally conscious spaces that benefit occupants and the planet.

Results:

The key insights of this research could be divided as following:

Environmental Activation of Inner Space Components:

The study emphasizes a holistic and systemic design model, which empowers the foundation
of contemporary sustainable interior design.
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This model focuses on the environmental activation of inner space components. These
components play a crucial role in enhancing building mechanical systems’ performance and
improving indoor environment quality parameters.
By activating specific elements within the interior, designers can optimize resource
utilization while minimizing waste.
Quantitative Metrics and Decision-Making:
The approach integrates quantitative metrics, allowing designers to make informed choices.
Difficult analytical study dissects space anatomy, providing insights into how design
decisions impact overall quality.
By evaluating the relationship between outputs (design decisions) and inputs (resources),
designers can optimize their choices.
Network Measurement Concepts:
Leveraging network measurement concepts, the study explores intricate relationships among
diverse design elements and project activities.
This approach contributes significantly to elevating decision-making processes within
sustainable interior design.
Conclusion:
This analytical approach provides valuable insights for designers, enabling them to create
environmentally conscious and efficient interior spaces. By quantifying activation and
leveraging network concepts, sustainable design can be elevated to benefit both occupants
and the planet. Environmental activation within sustainable interior design is a critical area
of study. It transcends mere aesthetics and directly impacts human occupants. When interior
spaces are thoughtfully designed, they promote well-being, productivity, and comfort.
Additionally, sustainable design choices reduce resource consumption and contribute to a
healthier planet. Understanding environmental activation allows designers to create spaces
that resonate with users while minimizing ecological footprints.
There is still a need to suggest areas for further research (e.g., dynamic network analysis, and
real-time monitoring), and to encourage interdisciplinary collaboration to advance
sustainable interior design.
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