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Abstract

With increasing urbanization, the demand for sustainable and adaptable housing continues to rise,
requiring innovative design approaches that maximize spatial efficiency while supporting sustainable
living practices. This research investigates the use of digital walkthrough animation as a tool for
communicating and evaluating sustainable urban housing design. Rather than employing animation
solely as a representational medium, the study explores its potential to narrate and advocate
ergonomic spatial optimization, eco-interior principles, and efficient urban living. A Design-Based
Research (DBR) approach was employed to develop a 36 m* compact housing prototype integrating
behavioral ergonomics and eco-sustainable interior design principles, which was subsequently
translated into a digital 3D walkthrough animation. The animated walkthrough and representative
model were evaluated through a design critique involving experts in behavioral ergonomics, eco-
sustainability, and interior design, alongside semi-structured interviews assessing the effectiveness
of animation as a communicative and evaluative tool. Findings revealed that animated walkthroughs
conveyed spatial relationships and user interactions more effectively than conventional drawings or
static 3D models, while also enhancing the clarity of spatial storytelling and the communication of
ergonomic and ecological design concepts. The study demonstrates that digital walkthrough
animation can foster stronger audience engagement by simulating experiential narratives of space
and sustainable living. By bridging visual rhetoric, eco-interior design, and environmental
communication, this research positions digital walkthrough animation as both a design appraisal
method and a Communication for Social Change tool capable of supporting inclusive, sustainable,
and future-oriented urban housing design.
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Introduction

The world is facing a crisis in housing, made worse by rapid urbanization, particularly in large and
ultra-dense cities where land and property prices are skyrocketing due to increased population
density and environmental challenges. According to the United Nations, roughly 68 per cent of
the global population will live in cities by 2050, with 90 per cent of this growth happening in Asia
and Africa. Such rapid urban development has sharply boosted the need for smaller, affordable
and ecologically sound housing options. With limited space in urban environments, many tenants
are resorting to smaller typologies: from studio apartments to micro-housing units. On the other
hand, with efficient compact living environments often arouse issues of space comfort, circulation
efficiency, usability and energy consumption especially when design solutions which shape up an
urban galaxy tend to a priority density (Batty, 2013, pp.23-35).

To meet such conditions the sustainable indoor architecture and spatial planning to enhance
quality and efficiency for compact urban housing. Sensitive arrangement of space helps curtail
super abundant material use &enhances natural ventilation and even the distribution of daylight,
while also supporting ergonomic movement patterns in confined spaces. Thus, the sustainable
housing design is not limited to the choice of materials or energy-saving technologies but expands
into behavior and experience-related aspects of how its occupants interact with space. In compact
housing contexts, a poorly designed layout could cause circulation and psychological comfort loss,
higher dependence on artificial lighting, and mechanical ventilation, therefore decreasing
environmental and social sustainability.

Digital verification technologies currently available, used to coordinate different parties
involved in a project, serve as simulation tools yielding out a pose viewer or illustrated designs
through animation. Unlike static floor plans or traditional 3D renderings, a digital walkthrough
allows the viewer to traverse space, meet transitions between spaces, and dynamically interact
with their environments. With animated visualization, designers can simulate circulation patterns,
spatial ergonomics, light conditions, and user interaction right from the start. Apart from offering
some possibilities for the improved evaluation of design, the animation through a 'walkthrough'
also bears another potential by being able to communicate more broadly with other audiences,
such as non-specialist audiences who might gain an understanding about architecture and its
environmental conception.

Beyond this, earlier research in the use of digital walkthrough animation has primarily
focused on its use as a technical visualization and presentation tool as part of architecture and
interior design practices. Other research has individually examined eco-interior principles,
behavioral ergonomics, environmental psychology, and sustainability-oriented housing strategies.
Still, comparatively few have considered these points of view and their potential for digital
walkthrough animation to be a means of communication to raise awareness about urban
sustainability, promote public participation in the planning process, or engage effective
environmental discussions surrounding compact urban housing. Second, little research has
engaged the interconnectedness of spatial storytelling, environmental communication, and
Communication for Social Change (CFSC) frameworks within immersive digital environments.

In response to this gap, the current study scrutinizes both role of digital walkthrough
animation as a visualization technology and it also draws investigation of its conceptualization as
narrative-based communication enabled with supporting sustainable urban living advocacy.
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Purpose With a Design-Based Research (DBR) approach, this study develops and tests the
feasibility of a new 36 m? housing prototype incorporating eco-interior features/techniques and
behavioral ergonomics in an animated digital walkthrough simulation. We investigate the potential
of animated spatial storytelling to promote spatial literacy, convey ecological values, and stimulate
participatory discussion about sustainable design strategies for housing. With the novel
intersectionality of visual rhetoric, environmental communication, and eco-interior design, this
research informs an emergent interdisciplinary conversation about sustainable urban futures and
communication for social change.

Circulation
and Layout

In One-Bedroom Apartments

90 Cm

3D Visual

Entrance

Figures 1. 3D Circulation and Layout Walkthrough
Source: Hervina, 2024

Some studies have integrated digital spatial storytelling with Communication for Social
Change (CFSC) frameworks to examine how animated environments may influence sustainability
awareness and social advocacy. This study positions walkthrough animation as a communication
medium for sustainability advocacy in compact urban housing. It is different in positioning
walkthrough animation not only as a visualization tools, but as a sustainability-driven design
method. By linking digital media technology with ecological interior architecture, it advances
interdisciplinary for innovation and provide actionable insight.

However, limited research has investigated how walkthrough animation functions as a
communication medium that promotes public understanding, emotional engagement, and
participatory dialogue regarding sustainable living.
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Literature Review

Communication for Social Change (CFSC) regards participation, dialogue and collective
empowerment as members in tackling social and environmental development challenges
(Gumucio-Dagron, 2001, pp.15-29; Servaes, 2008, pp.87-103). Unlike traditional top-down
communication models, CFSC encourages type Il interpretation processes that are conducive to
group participation by communities actively involved in the issues and solutions. This was
especially pertinent within sustainability discourse, for environmental problems cannot be solved
with technology alone but require changes to public consciousness and behavior, as well as
everyday spatial practices. As such, sustainable housing is based not just on the efficiency of
physical infrastructure but also the communication and social perception of environmental values.

A similar concept is media advocacy and environmental storytelling, in which the media is
deliberately controlled to change the conversation about an issue and drive behavior change
(Wallack et al., 1993, pp. 3-17). Because it abstracts complex ideas into more relatable experiences,
visual storytelling is becoming one of the most important ways to communicate environmental
issues. Some scholars in environmental communication have suggested that visual narratives with
an emotional resonance may increase audience understanding, recall and awareness of
sustainability issues (Hansen & Machin, 2013, pp. 1-24). The digital walkthrough animation
provides an alternative method of immersive storytelling through which people can experience
sustainable environments in a virtual engagement setting, rather than merely observe them
through static representation within this context. Animated walkthroughs, through movement,
sequencing, lighting and perspective are better designed narratives for constructing experience to
convey ecological values with sustainable spatial practice.

The visual rhetoric and spatial semiotics reinforce the communicative potential of
walkthrough animation. Visual rhetoric is the study of how visual elements influence audiences
and create meaning (Hill & Helmers, 2004) via composition, framing and representation. In the
field of architectural visualization, animated movement, camera placement and lighting direction
also have rhetorical ends in that they direct the emotional and perceptual reading of space.
Likewise, spatial semiotics considers architectural and visual elements as sign-systems which
convey cultural codes, meanings of the environment and expectations for behaviors (Kress & van
Leeuwen, 2006, pp. 35-61). Thus, in addition to direct information, openness, comfort, efficiency
and sustainability are interpreted through the visual atmosphere and embodied spatial experience
by viewers of digital walkthrough environments.
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Blue Print 2D Graphic Layout 3D Graphic Layout

Figures 2. Visual Comparison
Source: Hervina, 2024

In contrast to static floor plans or still renderings, animated walkthroughs offer dynamic
spatial experiences that are crucial for experiential understanding and emotional engagement.
Stimulating the movement of camera is to human moving/ navigating in space so that we can feel
circulation and transition through interaction with environment better. Research in visual
cognition and spatial representation provide evidence of the superior ability of animation over
static visualization to promote spatial awareness, navigational awareness and environmental
perception (Ware, 2012, pp. 251-276). Therefore, digital walkthroughs serve not just as technical
mediators of perception but communicative media that represent processes by which audiences
may comprehend and experience sustainable environments.

By linking eco-interior design to behavioral ergonomics, the connection between digital
walkthroughs and sustainable housing discourse is also solidified. Because the eco-interior design
attempts to reduce its environmental impact by effectively using materials, optimizing natural light
and ventilation, and organizing multifunctional spaces (Ching, 2014, pp. 52-79; Neufert, 2012, pp.
28-47). In addition to this perspective, behavioral ergonomics enters into the picture since it
defines how different spatial configurations of built environments influence behavior patterns in
motion or activity levels, comfort and usability (i.e. whether an environmental design object is
difficult to understand and invasive on our time practices) and energy-related human behavior
requiring physical effort (Gifford, 2007, pp. 185-214). In compact urban housing, inefficient
layouts risk obstructing circulation and diminish psychological comfort, which leads to greater
reliance on artificial lighting and mechanical ventilation resulting in a reduction of environmental
efficiency and inhabitant well-being.

This is where the digital walkthrough animation comes in allowing designers to visualize and
simulate these ergonomic and environmental conditions ahead of construction. Immersive
visualization allows designers and stakeholders to assess circulation flow, spatial transitions,
furniture placement within a space, as well as responsiveness to environmental elements more
instinctively than reading from drawings. Equally important, walkthrough animation allows
participatory evaluation and discussions of technical design concepts among general audiences
who may not be familiar with or trained in specific jargon, creating a more inclusive discussion
around sustainable housing design. Such participatory functionality closely relates Communication
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for Social Change, where communication media has become a medium of collective contribution
and convergence.

In summary, the literature reviewed indicates that digital visualization technologies are
increasingly situated at this crossroads of spatial representation, environmental communication,
and participatory engagement. Prior literature has analyzed architectural visualization, eco-design,
behavioral ergonomics, and environmental storytelling in isolation. Nonetheless, there exists
limited research that has specifically explored how it may come together within a communication
framework oriented towards awareness for sustainability and calibrated understanding of
participation in compact urban housing contexts through the use of digital walkthrough animation.
To this end, the current study conceptualizes digital walkthrough animation as a narrative-based
communicative intervention in ecological advocacy that provides experiential understanding and
can be mobilized for social change in sustainable urban living.

Eco-Interior Design and Behavioral Ergonomics

Eco-design, also known as sustainable design, considers the entire lifecycle of materials, spatial
function, and user behavior to minimize environmental impact (Ching, 2014; Neufert, n.d.). Spatial
design in interior environments (i.e., the organization of surfaces and structure in an interior space)
can be environmentally responsible through the careful selection of materials, the incorporation
of daylight, and the multifunctional use of space (Ching, 2014; Neufert, 2012). Behavioral
ergonomics fits with this, as it studies the way that the design of space in the built environment
impacts the movement, comfort, and interactions of people in the space (Gifford, 2007). This is
especially so with the increased urbanization of dwellings and the poor use of layouts, as this
increases energy consumption.

Walking through an animated sequence of a plan allows designers the ability to assess space
through the lens of flow and lighting, and the functions of space, before construction begins. In
comparison to traditional drawings, an animated design proposal provides a designer with an
opportunity to make necessary and energy-efficient design decisions in an intuitive manner as a
result of the simulation of human flow (Ware, 2012).

In addition to the technical side of design, walkthrough animations provide a platform for
the designer to have interactive and participatory feedback, as it demystifies the ideas of
sustainable living for the public. Because digital walkthroughs transform the environment and the
space into a visual representation, designers can increase the level of accessibility in their work,
and ultimately design for the non-practitioner and public (or non-specialist) in balance with the
needs of the professional/practitioner.

A critical extension of eco-design is behavioral ergonomics, the study of how spatial layout
influences human movement, comfort, and energy consumption (Gifford, 2007). Compact urban
housing requires meticulous attention to circulation paths, turning radii, and human-object
interaction. (Neufert, 2012; Ching, 2014) Poorly designed spaces not only reduce user satisfaction
but increase the likelihood of energy overuse and material waste. Digital walkthroughs offer a
unique way to simulate these ergonomic flows, identifying spatial inefficiencies before they are
built. Moreover, the medium enables participatory critique, allowing designers, experts, and
community members to collaboratively assess and adjust design proposals.
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In compact housing, every square meter has function and psychology, as the space is limited
and should be used as efficiently as possible. Problems such as the misguided layout of the space
can disrupt the routine of the occupants. For example, excessively small turning circles in the
kitchen can result in the users adopting inefficient and poor body mechanics. Other furniture that
is poorly situated can also disrupt the natural movement of the occupants. These disruptions cause
a cumulative effect of fatigue, frustration, and lack of satisfaction in space. This is why eco design
should incorporate behavioral ergonomics as it brings together the two aspects of environmentally
friendly design and the human factor of function and usability.

From the perspective of energy consumption, the relationship between the arrangement of
space and the function of space is very important. Spaces that do not allow good natural light and
good air movement usually result in people working in space making excessive use of electric light,
air conditioning, and mechanical ventilation. For instance, a narrow corridor which is screened
from daylight can make people use electric light for long hours, thereby increasing electric energy
consumption. A design that does not allow good air movement can also cause people to feel hot
and use air conditioning for a long time. For this reason, an energy inefficient design is usually not
environmentally friendly. This makes it important to consider the activities people will perform in
a space in addition to the materials that will be used to make the space when considering the
sustainability of the design.

Digital walkthrough animations enable designers to address these spatial and functional
challenges in a way that is very different from drawing a floor plan or a single drawing. Spatial
drawings that capture a design and plan in a way that is locked in time are drawings that require a
high degree of spatial understanding. For a walkthrough, the designer can utilize an embodied
approach. Instead of out of body thinking to understand the transition, designers can express and
project and simulate the embodied experience through space. Experience representation is an
advantage, since it allows designers and decision makers to understand and perceive the
relationships of space, the overall scale of space, and the flow of movement. Because of this
experience representation, potential issues have an ebb and flow in that a design can demonstrate
or capture bottlenecks, awkward spatial transitions, ineffective zoning, and the design can address
these issues. Ultimately the design is a specialist in capturing these issues. The representation of
experience is a value because it allows a designer to express and project a design and its result,
and in doing so, it allows the design to speak to and redefine the design process. (Kolarevic, 2003;
Ware, 2012) The ability to experience a design prior to its construction may reduce costly design
impact and subsequent, unanticipated construction modifications because of a design’s impact,
and it improves the overall quality of design refinement from the process to the product.

Walkthroughs are also great for simulations. Simulations allow a designer to tap into
walkthroughs to create a multi-iterative design approach to create a layout design function. The
simulations allow designers to create quick and efficient multiple spatial and layout changes. For
example, a designer may create a quick adjustment of a spatial and layout configuration for a series
of desks or a furniture layout closure. The out of body experience captures the variables of space
and the layout of furniture. The experience and design of the simulation are a representation of
an iterative experience and design cycle. The cycle is a simulation; designers are able, through the
out of body experience, to create quick experience and simulations into space. (Schoon, 1983;
Ware, 2012).
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The ability to encourage interaction is yet another strong point for digital walkthroughs.
Most architectural communication is usually a conversation between a designer and a client, as
the client has no way to provide meaningful input without the designer’s technical drawings. Most
animated walkthroughs step outside this designer-client relationship, as they provide drawings in
a way that allows people to understand the design and provide feedback. Community members,
prospective housing tenants, and people with little or no background in architecture can provide
input that is often as valuable as the comments from trained professionals. This participatory
approach is a strong fit for the ideals of inclusive and sustainable design, and a balancing
framework where a range of design ideas contributes to a solution that is more appropriate to a
specific context.

This collaborative approach has a positive impact on the communication aspect of eco-
design as well. A collaborative walkthrough is more than a design analysis tool; it is a medium of
communication that, among other things, conveys the designer’s intended tone, atmosphere, and
environmental values of a design. Designers can manipulate the camera and design space to guide
users to their intended designs and emotionally influence the users. For instance, a coffee maker
designed to be eco-friendly located next to a large window may be viewed by users as a way of
promoting eco-conscious living and enhancing openness and connection to the outside, as well as
providing a sense of eco-friendly living. Here, behavioral ergonomics and visual communication
merge, as both fields seek to design space to influence and control the perception and interaction
of users.

The use of behavioral ergonomics in digital simulation emphasizes how experience in time
matters in spatial design. The way people experience space is dynamic; it changes with time as
people move, stop, and interact with different activities and elements in space. Walkthrough
animations incorporate the dimension of time into space, giving designers the opportunity to
understand how different sequences of movements occur, and how the changes of space affect
occupant release. Primarily, the shift from a narrow corridor to a large living area is a positive and
releasing experience, while an ill designed transition leaves an experience of abruptness and
disorientation. Recognizing the dimension of time in design is also important for creating an
environment that meets user’s needs, at best, emotionally.

The first benefit of digital walkthroughs, in addition to improving design outcomes, is the
awareness and education that support wider sustainability goals. The growth of urban population
of the world increases the demand for spatial compactness of housing, and this makes it crucial
for users to understand the impact of inner spatial structures and design on their activities and
environment. Walkthrough animations then, become an educational tool that communicates the
utility that is brought along by well-designed spatial layouts, good natural lighting, and flexible
spaces in a design. This way designers, by capturing the essence of the ideas, inspire users into
more rational actions, as less energy consumption and space optimization, to sustain better lives.

The combination of behavioral ergonomics and digital walkthrough technology is a terrific
improvement in eco-design practice. Rather than focusing on pure technology, it recognizes the
more important concern of behavioral ergonomics: how people live and experience different
spaces. Tackling functional and perceptual concerns means that sustainability must be achieved
through the creation of good, comfortable, supportive spaces that sustain positive activities, rather
than only through the efficient use of materials or energy savings from design. This means that
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digital walkthroughs are more than just tools for design visualization; they are the tools that close
the divide between design and experience and make the built environment more responsive and
sustainable.

Synthesis and Gap Identification

The reviewed literature collectively suggests that digital animation when strategically used can
operate at the intersection of spatial visualization and advocacy communication. However, there
remains a significant gap in research that explicitly bridges eco-interior spatial planning with visual
media as advocacy tools. While previous studies have examined architectural visualization as a
communication tool, few have explored its role in supporting public understanding, stakeholder
participation, and civic empowerment in sustainability discourse.

This study addresses that gap by reimagining digital walkthrough animation not just as a
design artifact but as a narrative-driven communication medium. By synthesizing CFSC theory
with environmental storytelling and behavioral design, it positions spatial animation as a vehicle
for inclusive change where public awareness, emotional engagement, and ecological values
coalesce into a shared vision for sustainable urban futures.

Methods

A qualitative Design-Based Research (DBR) study was developed in order to investigate how this
digital walkthrough animation: could be interpreted as a spatial evaluation tool, and a medium of
sustainable urban housing communication. DBR was chosen because it supports the combination
of design development and interpretive analysis in an authentic setting (Barab & Squire, 2004, pp.
1-14). Instead of merely addressing the design outcomes, this lens helps us to see how
communicative artifacts are experienced, interpreted and evaluated by participants. The digital
walkthrough renders functioned on two levels in this research as a form of visual space articulation,
but also as a tool to create voices and discuss sustainability disposition, spatial cognition and
environmental perception.

The research method was started by constructing a prototype of compact urban habitation
in 36 m’. The housing model is based on eco-interior and behavioral ergonomics, proposing
efficient circulation, multi-functional zoning and the best optimal use of light with ergonomic
spatial organization. They started as sketches in SketchUp Pro, then evolved into a computer
animation walkthrough made with Blender, and finally editing and visualizations were touched up
in Adobe After Effects. The resulting animation was about 2.5 minutes long, encapsulating
transitions in space, the user's movement through ADU spaces and light conditions, as well as
interaction with elements of interiors within a compact living environment

Participants with knowledge related to sustainable design and spatial communication were
engaged via Purposive Sampling. Five experts, at least one from each of the following categories
(interior design, environmental psychology, eco-design, and architecture) participated for the
study. Participants were purposively sampled based on their professional expertise in assessing
spatial function, responsiveness to environmental contexts, and human-centered design
processes.
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Data collection. This entailed two main qualitative techniques; expert design critique and
semi-structured interpretive interviews. Participants either viewed the CGA animation via an
offline screening or participated online such that individual participants were never cognitively
influenced by others. Once they had completed the viewing session, users were presented with
rating scales that asked how environmentally responsive, efficiently circulated, usable,
ergonomically sound and communicatively clear they found the design. Then semi-structured
interviews were carried out to examine participants' interpretations of some animation's visual
story-telling features—specifically, camera movement, pacing, lighting and spatial openness.
Interviews were conducted to investigate how viewers made sense of and felt about the simulated
sustainable environment.

The qualitative data that were gathered underwent thematic analysis. Coding was performed
both inductively and deductively, based on concepts found in the literature pertaining to
environmental communication, eco-design, visual rhetoric and behavioral ergonomics. The coding
process was guided by several analytical layers, namely: energy efficiency (implied), spatial
ergonomics, circulation flow, spatial versatility, aesthetic minimalism and narrative clarity. An
analysis of participant responses was done in search for common themes across responses,
relating to how digital walkthrough animation affected understanding spatial elements and their
use with perspectives of the environment and sustainability conversations. In order to enhance
interpretive validity, the coding and thematic interpretation were independently read by two
authors. Informed consent was obtained from all participants before participation and data were
anonymized according to institutional ethical guidelines. Participation was entirely voluntary, and
all data were utilized solely for research within academia.

Research Design

The research adopts a design-based research (DBR) approach, which integrates the creation of a
prototype (a digital walkthrough animation) with interpretive analysis. This method is particularly
suitable for evaluating how a communicative artifact functions within a real-world context (Barab,
S., & Squire, 2004, pp. 1-14). Rather than seeking generalizability, DBR prioritizes contextual
depth, iterative learning, and stakeholder insight aligning well with the principles of
Communication for Social Change (CFSC).

The research adopts a design-based research (DBR) method that combines prototype
creation (a digital walkthrough animation) with an interpretive analysis. This method is especially
useful for assessing a communicative artifact’s role in a particular context (Barab, S., & Squire,
2004, pp. 1-14). In contrast to the pursuit of generalizability, DBR emphasizes the richness of the
context, learning through iterations, and incorporating the perspectives of participants. This is
consistent with the Communication for Social Change (CFSC) approach.

DBR, as a choice of methodology, is based on the interaction of theory and practice, and on
the idea that knowledge is constructed. In this case, the digital walkthrough animation is not
considered as a final visual product; instead, it is a research tool that is the product of specific
design choices, communication frameworks, and the ethos of the environment. Centering the
artifact as the primary research focus allows the research to understand the ways in which the
audience interprets, engages with, and responds to the design in context. This is what makes DBR
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suitable for research that aims to integrate disparate conceptual domains such as eco-design and
behavioral ergonomics—and their implementation in real-life situations.

The iterative aspect is one of DBR’s many strengths. Typically, there are many cycles of
defining a problem, building a prototype, testing, evaluation, and refinement. For this study, the
first prototype is an animation, which is developed from principles of eco-interior design and
spatial ergonomics. This prototype is then shown to expert participants, and design is strengthened
and weaknesses are identified through feedback. Design revisions can be made to enhance spatial
flow, light diffusion, or narrative. This iterations design allows us to be flexible and respond to
observations.

Empirical data collection is a central tenet of DBR, focusing on design’s evolution through
observations. Stakeholder cooperation is another tenet of DBR. Most research experimental,
isolating and controlling variables, whereas DBR captures the complexity of real-world settings by
controlling numerous variables, collaborating with different participants. In the current study,
experts in architecture, interior design, environmental psychology, and green building practices
offer their points of view. Having their opinions and critiques, the evaluation deepens as it is
viewed through various lenses. This dimension of collaboration is consistent with the Social
Change and Transformative Education framework, where participation, dialogue, and collective
meaning-making are viewed as essential drivers of social change.

Additionally, DBR allows for the analysis of the communication model(s) that may (or may
not) be contained in the artifact. In this case, the digital walkthrough is evaluated not only for
spatial and technical accuracy, but for the effectiveness of communication regarding sustainability,
comfort, and the idea of living efficiently. The research attempts, primarily through the lens of
interpretive analysis, to analyze the function of the visual components, such as the movement of
the camera, the lighting, and the order of the space to determine how they function rhetorically
to determine how they affect the perception of the viewer. The predominant focus on
communication effectiveness is the main differentiator for DBR against other methods that focus
on technical design, as DBR recognizes that the design is one success measure that is
communicated and the audience, is understood and appreciated.

The contextual sensitivity of DBR is where the results are grounding culturally and
environmentally specific findings. In terms of compact urban housing, the user’s expectations and
lifestyle (socio-economic, etc.) influences how space is perceived. The research engages
participants who manage such context to ensure that the research captures the elements that may
be easily ignored in generalized research. Particularly for design that is intended to be sustainable
and socially responsive, this level of understanding is invaluable.

Further, Design-Based Research contributes to building frameworks by establishing
principles of designs that are grounded in empirical studies. Instead of assessing hypothetical
situations, this approach permits patterns and themes to emerge from the behaviors of the
participants in relation to the artifact. These emergent themes can then be crystallized into
principles of a subsequent design and communication strategy. For some design-based research
studies, the positive effects of having natural light or the negative effects of a spatial bottleneck
provide additional support to the case for eco-conscious design of a housing unit. Thus, design-
based research studies are not just limited to assessing a particular design, but they also help in
creating knowledge that can be applied to different design situations.
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In this case, design-based research studies provide the authors with a rich understanding of
the digital walkthrough animations as a design and communication tool. It combines iterative
design, participant engagement, and reflective practice to provide a strong methodology to explore
the interconnections between spatial design, user experience, and the social construct. This
combination of elements makes it the ideal methodology for research that aims to promote
sustainable design while simultaneously increasing the level of engagement and awareness in the
public sphere.

Sampling Procedure

The sampling method used in this study is purposive sampling, chosen to ensure the inclusion of
participants with relevant expertise in sustainable design, spatial communication, and
environmental behavior. Five experts were selected based on their professional background and
experience in eco-design, interior architecture, or environmental psychology. These participants
were not only familiar with spatial design processes but also had experience in evaluating design
outcomes from both human-centered and ecological perspectives.

Participants were asked to evaluate the animation in terms of environmental responsiveness,
usability and circulation, as well as the communicative clarity of the walkthrough as a sustainability
messaging tool. The apartment prototype was developed according to eco-interior principles
emphasizing minimal circulation overlap, optimization of natural lighting, multifunctional zoning,
and material efficiency. Participants were asked to evaluate the animation in terms of
environmental responsiveness, usability and circulation efficiency, as well as the communication
clarity of the walkthrough as a sustainability messaging tool. The thematic analysis focused on
several interpretive dimensions, including implied energy efficiency, behavioral ergonomics, spatial
versatility, aesthetic minimalism, and narrative clarity.

Research Object: Prototype and Animation Development

The main digital artifact assessed in this case study was a digital walkthrough of a 36 sgm
architectural prototype of a compact apartment. This prototype was constructed in accordance
with ergonomic and eco-interior design principles. The Walkthrough was then used to assess
virtual reality functionality in this design process. Different levels of occupancy use, and circulation
overlap etc. demonstrative of usability and sustainability were used in the design of the space. The
apartment prototype was designed initially in SketchUp Pro, and the design was made into an
animation in Blender. Postproduction of the animation and design visualization was done in Adobe
After Effects. The final animation illustrated human interaction with the design and demonstrated
the effects of lighting and how the human occupant transitioned and interacted with the varied
functional zones and the ergonomic furniture and other spatial elements. The final walkthrough
was about 2.5 minutes and was the key communication artifact in this case study. This allowed the
participants to understand the spatial and environmental characteristics of the design and the
intended qualities of the design. The simulation provided insight on the functionality of the space.
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Data Collection

Two primary qualitative techniques of data collection for this study included the expert panel
review and the narrative interpretation mapping. In the initial phase of the expert panel review,
each of the five participants watched a digital walkthrough animation in isolation, either screened
offline or in an online video-call session. After the participants watched this walkthrough
animation, they were asked to vocalize or write comments on the design’s responsiveness to the
environment in relation to active utilization of natural light, material sustainability, the layout(s)
ease of flow, and the clarity of and ease of movement within, each space. The participants were
also asked to reflect on the clarity of the animation and the effectiveness of the messaging in
relation to the objectives of sustainability. These responses were documented and then
transcribed and subsequently organized for analysis of the emergent themes.

Beyond the expert review, the narrative interpretation mapping was also employed, for the
purpose of understanding how participants constructed meaning from the experience of the
animated walkthrough, by using semi-structured interpretive interviews. The questions asked
during this phase were designed to stimulate participants thoughts about the different visual or
spatial characteristics of the animation that were utilized, such as movement of the camera, pacing,
light, and spatial openness, as well as the feelings associated with the environment’s level of
spaciousness, comfort, or confinement. This research utilizes the fields of visual semiotics and
spatial rhetoric to understand how participants in the animated spatial environment derive
meaning and understanding from the experience.

Data Analysis

Thematic analysis was employed to evaluate qualitative data through coding, which consisted of
two approaches: developing codes inductively and coding data using existing codes were both
grounded in the eco-design, visual communication, and environmental psychology literature. The
analytical framework encompassed multiple dimensions. The presence of low-energy,
environmentally responsive design strategies that were visually communicated in the animation
were classified as Implied Energy of the design. Each dimension of the framework is briefly
summarized. Behavioral Ergonomics concerns the spatial configuration of design in relation to
movement and the overall ergonomics of the user. The use of the layout and design of these
spaces, as well as the use of materials, were classified as Spatial Versatility and Aesthetic
Minimalism, respectively. The final dimension, Narrative Clarity, assessed the effectiveness of the
design and the craftsmanship of the mixed media of the animation.

Patterns were both identified and compared cross-sectionally to analyze how the Experts
assessed the animation in relation to communication, emotion, and environment. In order to
maintain interpretive validity throughout the analysis, two authors independently reviewed the
coding and thematic interpretations.

Ethical Considerations
All participants provided informed consent prior to participation and were assured that their
responses would remain confidential in accordance with institutional research ethics guidelines.
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Participation was entirely voluntary, and participants retained the right to withdraw from the study
at any stage without consequence. No personally identifiable information was collected or
disclosed. The digital artifact was utilized exclusively for academic research, testing, and evaluation
purposes..

Results and Discussion

This study analyzed the overall communicative and evaluative capacities of digital walkthrough
animation. These results help understand the role digital walkthrough animation could play in the
development of sustainable environmental and space design. Through professional critiques and
narrative interpretations, many common patterns were highlighted that relate directly to the
research needs, and especially to how spatial animated narratives improve spatial comprehension,
sustain eco-friendly passive design practices, and enable active eco-friendly housing design. Digital
walkthrough animation aids in the development of digital and static design narratives
encapsulating complex design and environmental concepts that are simple, and humane, and aid
living experiential narratives.

A key outcome of the research was understanding how the animation’s ability to visualize
unused space via motion embodied visualization. Each of the five design professionals indicated
that utilizing animated walkthroughs helped identify flow patterns and rhythm practices that
would otherwise go unnoticed in traditional design. Most design professionals cited the kitchen
flow, the hallway entering the restroom, the common living space, and the transition to the private
living space as examples of space patterns of flow that were disrupted or limited and which they
perceived to be limited or constraining. Static drawings that rely on the viewer’s ability to interpret
abstract spatial practices rely on an animated walkthrough to help them move through space
dynamically or render a representation of them as an avatar to come in and interact with and use
the space to navigate through the paths provided.

An avant-garde participant said, “the bottleneck effect only becomes noticeable once the
viewer virtually moves through the space,” bringing attention to how embodied visualization filled
in gaps in circulation that are difficult to capture in 2D. Another participant said that the
walkthrough “made the spatial transition feel more realistic and emotionally perceptible,”
indicating that animation satisfies both function and experience. Together, the responses indicate
that digital walkthroughs have the ability to present information that is cognitively and emotionally
more accessible.

These responses are in tandem with the work of Colin Ware, who states that elastic
visualization (in terms of animation) improves understanding and spatial cognition by incorporating
dynamism to movement and visual hierarchy. The study also agrees with the findings of Chiara
Villani and Giovanni Talamini, who argue that the use of animation to spatial representation helps
more with understanding of navigation and perception of the environment in comparison to static
visual media. The walkthrough, in this case, acted as both a diagnostic and a communicative tool
to spot and address usability in the design, which helps in organized and efficient design circulation
and reduces costly and unnecessary revisions and regular construction waste.

The results also show that beyond evaluation criteria, embodied visualization aids
sustainability communication. Through spatiotemporal constraints, atmospheric conditions, and
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movement patterns, participants narrated sustainability phenomena. The animation, in this case,
translated abstract sustainability concepts into relevant and relatable experiential narratives. This
result answers the study’s aim, which is to assess the communicative potential of animated
walkthroughs of an architectural space in terms of environmental and ergonomic values, using
immersive visual narratives. The results also indicate that animated walkthroughs can enhance the
public’s comprehension of sustainable housing by integrating advanced technical spatial analysis
with an experiential human dimension.

Revealing Spatial Inefficiencies through Embodied Visualization

One of the most immediate insights shared by all five expert participants was the ability of the
animation to visually reveal inefficiencies in the initial spatial layout particularly in the kitchen
corridor and the transitional zones between the entrance, bathroom, and living areas. Unlike static
floor plans, which rely heavily on architectural literacy, the animated walkthrough allowed
reviewers to embody the space, simulating real-time movement and interaction. Several experts
described the layout as initially “cramped” or “interrupted,” especially during transitions from
kitchen to living area. As one expert participant stated that “the bottleneck effect only becomes
noticeable once viewers virtually move through the space, because the circulation limitations are
difficult to recognize in static layouts” (P3).

This observation echoes findings from (Ware, 2012) and (Villani, C., & Talamini, 2020), which
suggest that animated spatial representation enhances cognitive mapping and navigation
comprehension more effectively than 2D diagrams. The animation served as a diagnostic tool,
supporting the identification of usability issues early in the design process thereby reducing
revision cycles and potential construction waste.

Behavioral Optimization and Sustainable Impact

In response to the spatial inefficiencies highlighted, the design was modified based on expert
suggestions. Minor layout adjustments such as reducing redundant circulation paths and
reorienting furniture to maximize flow resulted in a significantly more efficient and livable
configuration. Experts noted the revised version as “more breathable,” “intuitively navigable,” and
“ergonomically sound.”

This feedback affirms prior research in eco-interior design (Ching, 2014; Neufert, n.d.), which
emphasizes the importance of spatial logic, ergonomic flow, and minimal material intervention in
creating sustainable micro-living environments. By aligning layout decisions with behavioral
patterns rather than purely aesthetic priorities, the revised animation demonstrates a design
philosophy rooted in efficiency, inclusivity, and ecological stewardship.

Furthermore, these refinements support the principles of SDG 11 and 12, particularly by
illustrating how small-scale interventions in compact urban housing can scale toward broader
sustainability outcomes when applied systematically.
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Persuasive Power of Animation as a Communication Medium

Another key finding was the animation’s communicative power its ability to deliver spatial,
emotional, and ecological messages in a way that static media cannot. All five experts emphasized
the affective resonance of the animation, which evoked feelings of openness, calm, and mental
clarity, especially in scenes where natural lighting and wide camera angles were used.

Participants described the animation as a “visual narrative” that fosters empathy and
understanding, even among non-specialist audiences. These findings support the work of (Hansen,
A., & Machin, 2013; Hill, C. A., & Helmers, 2004), who argue that visual rhetoric particularly in
motion plays a critical role in influencing perceptions and behaviors related to environmental
values.

Moreover, the animation’s intuitive presentation lowered the cognitive threshold for
understanding eco-design principles, making the simulation an ideal tool for public campaigns,
participatory urban planning, and design education. This resonates with (Gumucio-Dagron, 2001)
model of Communication for Social Change, where media is used not to dictate outcomes, but to
facilitate dialogue, co-learning, and collective decision-making.

Psychological Comfort and Environmental Perception

Beyond technical functionality, experts noted the psychological comfort induced by the
animation’s pacing, orientation, and spatial framing. Features such as slow camera transitions
toward windows, daylight sequences, and door opening animations produced emotional responses
associated with well-being, stress relief, and clarity. This corresponds with (Gifford, 2007)
environmental psychology model, which highlights how spatial cues influence user comfort and
long-term mental health. These findings affirm that animated design storytelling not only informs
users about space but also evokes desirable emotional states, thereby making sustainability a more
relatable and human concern. This represents a crucial shift—from abstract ecological
responsibility to embodied ecological experience, mediated through media.

Walkthroughs as Tools for Advocacy and Dialogue

One of the most significant discussions that appeared was the potential of walkthrough animation
to function as a tool for advocacy. Experts emphasized that such animations could be used in:

° Urban policy consultations

. Community housing forums
. Environmental education campaigns
° Design-thinking workshops with non-designers

By allowing diverse stakeholders to virtually experience a proposed space, animations
provide a common platform for dialogue and negotiation, aligning with CFSC’s emphasis on shared
agency and participatory transformation (Servaes, 2008).

Participants also noted that such media could help bridge the knowledge gap between
technical experts and the public, supporting more democratic and inclusive design processes. In
this way, digital walkthroughs become more than representational tools; they become platforms
for civic empowerment.
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Contribution to Existing Knowledge

This study contributes to multiple fields in both theory and practice: In spatial design, walkthrough
animation serves as a formative tool for behavioral and ergonomic analysis, while in
communication studies it highlights how visual storytelling can shape perceptions of sustainability
and inspire change. Within environmental advocacy, it provides a concrete method for engaging
citizens in design and planning discourse, and in education it offers a pedagogical model that
fosters visual-spatial literacy and participatory design thinking. While prior studies have explored
the functional use of animations in architecture, few have framed them as media objects for social
change. This research addresses that gap by showing how the rhetorical and narrative dimensions
of animation can mobilize awareness, empathy, and collaborative action toward more sustainable
urban futures.

Conclusion

This study analyzed how using digital walkthrough design aids in spatial representations that
encompass the parameters of the user’'s experience, the added parameters of sustainability, and
the psychological and theory-based parameters of Compact urban settlement forms. As evidenced
and clarified through designer-based qualitative research analysis, the results suggest that
animated spatial representations help viewers interpret the flow of movement, how the
environment reacts, and the usability of the space, better than the traditional still representations.
Due to the immersive and embodied experience provided by the spatial animation walkthrough,
participants were able to identify how to redesign space, evaluate how to interact and optimize
ergonomics, and, more importantly, experience the inherent environment of the space. Therefore,
the results support the conclusion that digital walkthroughs can be more effectively used to
communicate ergonomically arranged sustainable design than any other means.

This study identifies how animated storytelling, through the process of interruption and
transcoding of the animation, is still interpreted by the viewer from the point of view of the
environment and the space. Through spatial animation actions such as the flux of the lens, the
appreciation of the light, the rhythm of the in between, and the abolition of the in-between, the
participants were able to better grasp the nature of the space and the environment reasoned and
analyzed. The designers of the animation saw beyond a simple technical depiction of the space
and recognized it as a medium of persuasive communication that could help provide psychological
comfort, openness, and a sense of the environment. In this sense, the results support the theory
of Communication and Social Change (CFSC) and visual and spatial semiotics, and, more recently,
the theory of visual rhetoric, to support the idea that animated visualizations can enhance the
participatory experience and address the relevance of the user’s interest in sustainable design.

This study looked for ways digital walkthrough animation could be used in sustainable
advocacy and dialog participatory engagement animation. This study finds that digital walkthrough
animation fills the gap in the understanding of complex environmental concepts. This will lead to
the visualization of these concepts digitally. This gives the potential of animating scenarios of
participatory planning dialogue related to sustainable housing and environmental education at the
level of the community.
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This study engages in the interdisciplinary dialogue of environmental communication and
visual storytelling to associate concept and method for sustainability advocacy through the use of
digital walkthrough animation. This study indicates that the digital walkthrough animation engages
and sustains the emotion of the participant in the context of sustainable urban design.

Study Limitations
There are some limits that need to be stated. The study used a limited participant to focus on a
single housing example, which does not lead to the generalizability of the results of the study.
Because of the need of a digital walkthrough animation, which has the use of certain software and
then the technical skills to produce high quality animation, this study needs to be built on by the
use of broader participant studies in other geographical contexts, use of case studies and other
easy software, frameworks, and technologies in participatory sustainability communication.

The study combines spatial evaluations with participatory visual communication and
creativity storytelling to show that sustainable urban housing digitally animate scenarios in a way
that is inclusive and visually communicative.
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