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AR technique is one of the innovative techniques of our time, which is increasingly used in the field of architecture
at several levels and for multiple purposes. One of these is to enhance public participation in architectural design in
an easy and understandable way. Due to limited attention to this emerging technique in our local context, including
the academic one in Iraqi universities, and the scarcity of research contributions addressing it, this paper explores
the concept of AR, its utilizations in architecture, and its role in promoting public participation in design. Also, it
involved developing a mobile AR app ”BUMAR änd testing it in real-world settings, all with the goal of introducing
this technology and exploring its potential to facilitate and achieve public participation in design. To achieve this, a
proposed virtual model was created as a hypothetical building for the Petroleum Engineering Department, intended
to be built. The model was exported to the app, which was shared on social media for the target audiences. The
app was tested in displaying and evaluating the model, with experiments conducted over several days by students,
faculty, and others. This was accompanied by a questionnaire to gather opinions on BUMAR ’s effectiveness,
specifically, and the importance of the AR technique in achieving understanding and interaction with the proposed
design and its role in facilitating participation and expressing opinions. BUMAR achieved good results, as
indicated by the questionnaire results showing acceptance, satisfaction, interaction, interest, requests for further
development of the app, and willingness to participate in future augmented experiments. This supports the claim
of the importance of AR technique and the success of BUMAR in explaining it to users, suggesting further
development of the app and its use in evaluating real construction projects in the future.

� 2025 University of Al-Qadisiyah. All rights reserved.

1. Introduction

Technology is a fundamental factor in the evolution of architecture and its
transformations throughout history. Today, we are transitioning from one tech-
nological era to a new one, as we move from the Internet era to an augmented
era called the metaverse, where communication takes place through immersive
spaces blending the virtual and real world. Metaverse technologies have resha-
ped thinking patterns, replacing temporal and spatial relationships based on
geography with new patterns based on the integration of virtual worlds and real
environments, allowing users to have multi-sensory interactions [1]. Among
these rapidly evolving technologies in recent decades, augmented reality stands
out as a key interactive innovation that attracts a lot of attention in various fields,
developing many applications by many institutions and companies. According
to market research expectations, the AR market is projected to reach $88.4
billion by 2026, a 31.5% increase from 2021 [2]. Augmenting the physical
environment with virtual information and presenting it to the user in a realistic
way reshapes the human-material relationship within space, where information
becomes a mediator in it. Hence, some confirm that the conscious use of this
technique can offer new perspectives on the environment, bridging the gap
between real and virtual spaces, providing innovative perceptions of architec-
ture [3]. Thus, the popularity and use of AR in the architecture industry, as
expected, will increase in the future. Many researchers have concluded that the
use of augmented techniques can contribute to improving the design process
and increasing user interaction with it [4]. This has prompted many leading

architectural firms to adopt AR in developing their projects, improving the
design quality and offering clients a comprehensive view of proposed project
[5]. AR applications have been used in architecture to provide interactive
experiences for designers and clients alike, creating 3D models of buildings
and using augmented apps to place them in the context of real worlds, allowing
all to explore and interact with these models using smart devices, such as
phones and tablets [6]. Conversely, there is no clear interest highlighting this
technique and its importance in architectural practice in the local context at
all levels, including the academic level in Iraqi universities, where libraries
contain only a limited number of theoretical research papers that address the
topic through mere description and analysis. However, it should be noted that
there are very few contributions that discuss the technique in terms of practi-
ce or practical application, particularly within the context of digitizing local
architectural heritage, re-modeling it virtually, and re-presenting it to users
through digital display technologies. Some of these studies have utilized VR
techniques [7], while others have employed AR techniques as an interactive
display method to present virtual heritage models integrated with their real
surroundings [8]. However, these contributions have not produced their own
specific applications; their work has been limited to exporting virtual models
of heritage buildings to interactive platforms and sites available for public use
in virtual and augmented reality. Accordingly, this research paper comes as an
attempt to provide a general theoretical idea about AR and its multiple uses in
architecture, particularly its active role in enhancing public participation in
architectural design.
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Nomenclature
App Application SDKs Software development Kits
Apps Applications H Hight of building (m)
AR Augmented reality V R Virtual reality
BUMAR Basrah University mobile augmented realty X non-dimensional X-coordinates
HMDs Head-mounted displays Y non-dimensional Y-coordinates
MAR Mobile augmented reality Z non-dimensional Z-coordinates
SAR Special augmented reality 2D,3D Tow and Three-dimensional

It also aims to present a practical application through real-world experience
using a mobile augmented reality app developed with the help of some students
from the Department of Architecture at the University of Basra. The goal is to
highlight AR and introduce its importance in developing architectural design
activities and enhancing public participation while exploring the extent of
local community interaction with the technique and its applications, as well as
their willingness to use it and understanding the role it can play in promoting
public interest in architectural design. Assuming that the unprecedented capa-
bilities of AR techniques are facilitating the understanding of the displayed
models and providing various ways of expressing opinions and participation
in design. Furthermore, the interactive interfaces of augmented applications
provide users with the ability to directly modify the properties of these models.

2. Literature review (Theoretical framework)
2.1 The concept of augmented reality
Augmented reality can be defined based on several institutions [9, 10]. The
elements can include images, texts, sounds, videos, and 2D or 3D models. AR
emerged in the 1990s as an evolution of virtual technologies, and there is often
confusion between the two concepts, they may seem the same to the average
person. The difference between them is that AR is created technologically by
overlying virtual objects onto the real image of something, while VR is limited
to creating fully virtual environments that only simulate reality [11]. Also,
AR devices allow the user to interact with reality as well as virtual environ-
ments, facilitating movement during the interaction, unlike VR, which poses
mobility risks [12]. That is, VR separates the user from his real environment,
while AR leaves him with the ability and full awareness to interact with it.
Within the limits of visual perception and its use in architecture, augmented
techniques are classified into two types. 1- spatial augmented reality (SAR),
which is the first to use for enhancing the architectural environment with virtu-
al elements and includes various activities, the most important of which are
light projection technologies (static, dynamic, interactive, and holographic).
It does not require devices or equipment from the recipient, but it does not
allow him to choose the time and place as well as the nature of the content,
as all of this is determined by the specialized teams. 2- mobile augmented
reality (MAR), which is represented by all applications that use handheld
devices (smartphones, tablets), that facilitate the user’s movement, transition
and conducting experiments in the open air and in the actual place and time,
and some of them use head-mounted displays HMDs. The use of HMDs can be
considered part of (SAR) when restricted to specific environments, enhancing
the user’s surroundings and increasing interaction within those limits. Initially,
AR faced technical, economic and usability challenges, as content creation
requires advanced 3D modeling and programming skills, in addition to expen-
sive computers to provide high data processing capacity [13].Also, there were
concerns about its commercial motivations, cultural alienation, and potential
social impacts [14].Therefore, the spread of AR apps in recent years is due
to technical reasons represented by what the huge digitization provided in
terms of large repositories of usable 2D/3D data, and the unprecedented leaps
in devices and software. And for social reasons represented by the growing
desire among individuals to access digital information and interact with it in
all fields [3]. As well as economic reasons, as all requirements for using AR
are now available on most mobile devices, making it easier and less expensive
for general use compared to other devices. These requirements are limited to (a
camera to capture live scenes, sufficient storage for virtual models, a powerful
processor for integration and display, and a screen for user interaction) [15].
Hence, these advancements have enhanced the popularity, efficiency, and usa-
bility of MAR in fields like architecture, where AR facilitates on-site design
development and aids designers, decision-makers, and the public in engaging
with architectural designs.

2.2 Augmented reality in architecture
The focus in recent literature on the subject can be categorized into three main
aspects: (potential scenarios for AR applications in architecture, integrating
AR with other modern technologies, and enhancing participation by impro-

ving the user experience). These aspects are addressed in several contexts,
such as architectural education, heritage preservation, and the construction
industry, and others. One study [16] presented five scenarios for potential use:
(the timeline scenario concerned with photographing lost historical contents
and archiving them in apps, the sensing scenario, concerned with collecting
environmental data through user experience, 2D information scenario rela-
ted to displaying invisible features in AR screens using GPS, 3D scenario
concerned with representing new buildings integrated with urban contexts,
and the participation scenario concerned with enabling the user to submit
proposals through some bidirectional apps). Another study [17] presented
five possible uses: (placing buildings in their vacant lots, displaying building
service details via BIM, modifying 2D maps and displaying results in 3D
models, reconstructing missing historical structures, and finally full-scale 3D
model visualization). The aspects of integration with other technologies and
enhancing participation were addressed in different ways in the three contexts.
In architectural education, several studies [18, 19] indicated the importance of
incorporating AR in architectural curricula, aiming to enhance the traditional
studio environment by making it interactive and simulating real-world training
scenarios. This is due to AR’s unique capabilities in visualizing design mo-
dels, which enhances understanding, communication and interaction between
students and instructors, all contribute to fostering collaborative design and
support architectural critique activities. Other studies highlight AR techniques
as a suitable context for education in terms of parametric design methods,
generative design methodologies, and digital modeling, offering participation
and interaction with displayed models and their transformations based on
algorithmic parameters [20,21]. Some [22], presented a vision to enrich the
learning experience based on virtual environments by combining advanced
virtual simulation tools with AR techniques. Overall, studies demonstrate the
significant potential of AR to improve educational experience at several levels
compared to traditional methods. Most of them indicated the possibility of
applying their experiences in architecture beyond just education. In herita-
ge preservation context, AR is considered as a vital tool for digitizing and
preserving architectural heritage, as it contributes to solving the problem of
restoring architectural history by re-modeling it virtually according to the
historical description and integrating virtual models with real-world sites by
projecting them onto the remaining artifacts, integrated with its real assets
and enhanced with historical information displayed in different ways [23, 24].
Studies often combine AR with GPS to create sustainable cultural tourism
experiences through which the cultural history of each site that represents a
point of interest for the user can be viewed [25]. Additionally, enriching AR
applications by integration with innovative technologies, such as linking them
to semantic web services and real-time data updates [26]. Also, AR paired
with 3D printing allows for physical models of historical structures, offering
detailed, enhanced visual experiences [27]. In general, studies focused on
providing texts and archival images, along with 3D models, to enrich resi-
dents’ sense of belonging and improve the tourist experience for visitors. In
the construction industry, studies [28, 29] have shown that AR’s role in the
Architecture, Engineering, and Construction (AEC) industry is to improve
communication, share ideas, reduce project delays, and increase construction
quality e, especially when integrated with BIM technologies, which allows
for virtual interaction with building models across project stages. Some [30]
have also shown AR’s role in improving maintenance guidelines and reducing
errors. As in infrastructure project maintenance and facilitating the precise
detection of pipe locations and paths with high accuracy by integrating AR,
photogrammetry, and BIM technologies. However, one of the main challenges
facing AR in this context is the absence of comprehensive 3D models for
building service systems [31]. Studies recognize AR’s capacity to enhance
visual communication, collaboration, progress tracking, and safety training in
construction, but also acknowledge the emerging nature of AR research and
the difficulty practitioners face in content creation.

2.3 Public participation in architectural design using AR
Participation in design is expressed by the term (user’s participation), defi-
ned as an interest in developing a project of personal significance [32]. Users
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in architecture are classified as temporary visitors, continuous occupants,
and owners [33]. In this sense, the term (public participation) is often used,
especially in projects with urban dimensions, public impacts, and multiple
interests. Users’ participation during the design phase of any product achieves
high quality by addressing user’s requirements, eliminating unwanted features,
increasing acceptance, and ensuring satisfaction [34] .This requires direct
communication between the design team and potential users at different levels
(an informational level for data exchange, a consultative level where users
are consulted whenever necessary, and a participatory level, where users are
given higher participation powers to influence decisions related to the entire
process [35]. There are several ways to involve users, typically by two main
methods: user-centered design and participatory design. In a user-centered
approach, users’ requirements are met by focusing on collecting qualitative
and quantitative data, interpreting them into general design principles. In parti-
cipatory design, users have a greater role by expressing themselves and directly
engaging in design, also ongoing frequent dialogue with designers [36]. Ar-
chitecture structures aim to meet human needs, which are translated, in design
phase, into drawings and specifications, that reflect critical decisions affecting
the building’s performance. Therefore, it is necessary to adopt systematic
methodological approaches to involve users, understand their needs, and grasp
their cultural background, to anticipate the future use of buildings [37]. This
comprehend and implement users’ decisions, avoiding disputes and reducing
changes later. Consequently, many studies have focused on involving users
in the early design stages. The user-centered approach has been employed in
some studies [38, 39] showing that designers gain a better understanding of
user needs, validating design decisions effectively and producing ideas aligned
with user expectations. However, participatory design is more commonly used
in building design, which utilizes various tools and techniques, such as brain-
storming sessions, sketching design ideas, developing 2D CAD drawings, and
creating 3D models [40]. Numerous studies [41–43] highlight the importance
of this approach, as it significantly influences the final building outcomes.
Nevertheless, these traditional tools often pose a challenge for non-expert
users who may not fully understand the design language, thereby limiting their
participation. As a result, there is a pressing need for strategies that improve
communication between users and designers, allowing users to express their
preferences more effectively. AR has proven to be an effective platform for
overcoming participation barriers and enhancing user experience for various
purposes: evaluation, learning, and discussion initiatives. AR techniques ad-
dress the challenge of public contribution in design through interaction and
immersion in engaging experiences. Accessible devices allow individuals to
visualize designs integrated within real environments, considering factors like
sky, wind, light, and making the design appear closer to its final form upon
completion. Architectural studies have increasingly explored AR as an innova-
tive tool for collaborative design on multiple levels. For instance, one study
[44]. developed an interactive interior design system using AR, incorporating
participatory design concepts. This system significantly aided understanding
and information presentation during discussions, enabling users to furnish
their homes easily through realistic displays of furniture in terms of shape,
color, lighting, and real scale. At the architectural design level, another study
[45]. applied participatory design to redesign an existing building, comparing
traditional tools with a specially developed MAR app. Results showed positive
impacts of MAR on user participation, enhancing understanding and interac-
tion while allowing users to engage flexibly with designs and express ideas
effortlessly. In urban design, a significant study [46] highlighted AR’s role
in facilitating public participation in urban decision-making. AR can present
urban design indicators interactively through a 3D virtual model, which can be
adjusted by users according to specific buttons within the application interface,
observing real-time urban changes, related to. The study indicated that AR
enhances user understanding of urban indicators used by designers, as well as
understanding of design, positively impacting urban decision-making through
bottom-up feedback alongside traditional top-down approaches. AR offers
numerous advantages for architectural projects, primarily by making them
more comprehensible to users without requiring technical design knowledge,
as it allows users to perceive 3D models in a realistic perspective, automatically
understood without needing to mentally translate 2D into 3D [20]. Also, it
enables the frequent replacement and modification of designs, allowing for
evaluation by all stakeholders without impacting the real environment prior to
execution. Moreover, AR enhances communication among the different teams
involved in design and construction, improving understanding and reducing the
possibility of false [47]. All facilitate time and effort savings in the design up-
dates and testing various ideas before actual implementation. Thus, MAR apps
contribute to a higher understanding of concepts, fostering collaborative design
by encouraging user feedback with easy project evaluation and modification,
directly from their smartphones [24] Most MAR studies focus on assessing

user attitudes and behaviors toward applications, often employing surveys and
other methods [16]. Some studies [2] advocate for reducing obstacles for users
to engage with AR content rather than merely accessing it.

2.4 Requirements for developing MAR applications
To develop any MAR application, it is essential to identify the expected devices
to be used, and select a compatible development environment, as there are
many game engines used in developing AR apps such as Unity, Unreal Engine,
and CryEngine, as well as many software development kits SDK, like AR
Core and ARKit. The commonly used devices rely on two operating systems,
iOS and Android. For Apple’s iOS, ARKit features are used and require a
phone or tablet equipped with an A9 processor or newer and iOS 11.0 or above.
While AR Core features are used for Android devices and require at least API
24 version 7.0. [48]. In terms of game engines, Unity 3D is the most popular
because it allows development across most platforms, including Android and
iOS, and provides great flexibility in customizing user interfaces, in addition, it
offers free licenses for personal use. C# is the preferred programming language
for Unity because of its ease of use and its modern and powerful features
suitable for AR development. There are also several SDKs like Unity’s AR
Foundation and Vuforia enable the creation of AR applications, leveraging
both AR Core and ARKit capabilities. SDKs are responsible for the app’s form
and functions, determining ease of use and user interaction, as it allows the
creation and integration of virtual objects with reality, and provides many other
functions such as 3D objects tracking and image recognition [49]. Geometric
recognition of the physical environment and the presentation of virtual content
are two interlinked functions, allowing the device’s camera to identify real-
world elements and display virtual objects accurately by estimating the user’s
position and orientation, and linking the coordinates of the virtual and physical
environment together to create a seamless interactive experience [50]. SDKs
offer various tracking methods and support a variety of 2D and 3D targets
such as image, model, layer or object recognition. These tracking methods
operate through three modes. The first determines geographically through
programs that convert real coordinates via the device’s GPS into navigation
coordinates specific to the app. The second is marker-based tracking, where
visible targets are recognized by the device camera. While the third form is
called feature-based tracking (marker-less tracking) using SLAM technology,
originally developed for robotics, to simultaneously map the environment and
calculate camera position in unfamiliar spaces [17]. From a functional perspec-
tive, translating ideas from virtual to the real world requires coherent emotional
expression to enhance user interaction with them. This is achieved through
high image quality, minimal distortion, interactive presentation methods, and
a broad visual field that enhances perception and allows for movement instead
of stability. Moreover, proper organization of the app is vital for gaining social
credibility [31]. Thus, Azuma identified four basic characteristics AR to be
complete in the field of architecture, which are: merging the real architec-
tural environment with virtual objects in a shared visualization on a device,
real-time synchronization between virtual and real environments, allowing
for participation on a large scale and not being limited to specific points of
view, and enabling movement within and around the architectural space with
complete freedom.

3. Methodology and material
The research methodology in its practical aspect was built based on what
was reviewed in the theoretical framework regarding the capabilities, charac-
teristics, and applications of augmented reality. The practical work can be
summarized as follows: - A 3D virtual model was created as a proposed hy-
pothetical building for the Petroleum Engineering Department at the College
of Engineering. An MAR app -named BUMAR- was developed to import the
model and showcase it on-site. The app was shared within communication
groups of students, faculty, and staff, enabling them to download and run it
on their devices prior to the experiment. The experiment was conducted over
several days, with users responding to a questionnaire within the app. Lastly,
the survey results were collected, analyzed, and discussed to reach conclusions.
The initiative was achieved through self-driven efforts, with assistance from
some architecture students who have modeling and programming skills. Re-
sources were identified using available free tools and software that align with
the expertise of specialists in architecture. The steps, processes, and materials
or resources used in the research can be illustrated as shown in Fig. 1, each of
which will be detailed in its respective sections.

3.1 The model
A hypothetical building -for the proposed Department of Petroleum Enginee-
ring - was designed as a three-story structure with an overall height of 12
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meters and a nearly square footprint of about 900 square meters (30 x 30).
The virtual design model was created using Revit. The architectural features
of the model, including its overall shape and facade details, differ from the
surrounding college buildings while sharing some finishing materials Fig. 2.
The proposed site was identified within the college complex.

Figure 1. Research structure and methodology.

Figure 2. The model in the Revit environment.

3.2 The application
The BUMAR app was developed as the first MAR app at the University of
Basrah, thus, its name was derived from the initials of (Basrah University
Mobile Augmented Reality). It consists of three main sections as in Fig. 3. The

first section, called information, was prepared to provide general information
about the displayed models according to the purpose of their use. It may be
textual, audio, visual information or video clips, but for this initial trial, it
was limited to providing a video explaining how to conduct the experiment,
create the model, use the app interface, and send the final data. The second
one is 3D models, which display and create 3D models based on predefined
markers. This section can import 3D models from various modeling software,
but this feature is currently not accessible to users on their devices and requires
intervention from the app development team. The third section is the survey,
that is used to create questionnaires and collect opinions from users, as well as
reactions and comments.

Figure 3. BUMAR Sections.

Currently, it is limited to a link of a Google Form questionnaire with three
sections. Technically, BUMAR was developed using Unity and AR Foundation,
using AR Core and ARKit features to be compatible with Android and iOS
devices. However, it was limited to build the app using Android SDK only,
because iOS apps require App Store submission, a complex process needing
sufficient time after final developments in the future. The tracking method was
achieved through markers, by directing the camera and recognizing a specific
target. To adjust the model’s true scale, a special method was adopted, using the
building’s ground floor plan, printed at a scale of 1: 100, as a reference marker.
The model was imported into Unity as a Prefab to save the modifications made
to it, creating two copies, one at a real scale of 1:1 and another at 1:100. When
AR is created by overlaying the 1:100 model on the printed plan, the other one
will appear at actual scale of 1:1. For positioning the actual scall model in its
real location, it is defined relative to the 1:100 model in the Unity environment
based on virtual coordinates that simulate the actual dimensions of reality
between the marker’s location and the intended site. The location of the small
model -where the experience starts- is the virtual point (0,0,0), while the large
model’s coordinates reflect the real distances and directions between the small
model’s location and the proposed site. C# was adopted to write many codes
for the app, alongside AR Foundation features and Unity tools for multiple
requirements. Including a special code used with AR Foundation features for
recognizing reference images and displaying models on them. Several codes
were also created to help provide interactive features, enabling users to control
the properties of displayed models and not just view them. Through the app
interface- explained in the experiment section- the user can control a few model
properties and modify them according to his vision within upper and lower
values that can also be controlled. For example, moving the model to 5 meters
within the site in four directions. And orienting the model as desired to the right
or left, using a mirror-like feature achieved by combining a negative scaling
value with rotation through specific code, as Unity Lake does. The height
can also be increased or decreased by 10 percent. Unity’s Collider features
were utilized to provide the ability to change the finishing materials for some
predefined surfaces in the model, as well as the ability to modify the lighting of
the model and reposition its coordinates. These interactive features necessitate
the collection of values decided by users. The user can submit their choices by
pressing a submit button and this is accompanied by an automatic screenshot.
This information is collected as inputs through a dedicated code that sends it
to Google Forms using the Google API for developers. By adding Google API
library, specifically the Google Forms API, authentication is set up using the
credential file downloaded from the Google Cloud Console. Another code is
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used to send the data to the app’s Google Form. The required information is
not limited to numeric values; there are also images captured automatically
during submission. Thus, the Imgur API is used to upload images via code,
then a public link to it is obtained and attached to the Google Forms as part of
the previous inputs.

3.3 Application experience and user interface
The experiment was conducted over several days in July 2024 at the Colle-
ge of Engineering, University of Basra Fig. 4 and one day -under the same
assumptions- at the College of Engineering, University of Maysan. Dozens of
faculties, students, and staff participated; however, some did not complete it
due to the high temperatures in Iraq during July. Consequently, sessions were
limited to early mornings. Most participants downloaded the app and comple-
ted the experiment, while some could not be due to device compatibility issues.
They used team devices to participate but answered the questionnaire on their
own devices. The experiment starts by directing the camera at a horizontal
plan image on a table at the architectural department’s back entrance. A small
model is created over this plan, and then the camera is aimed at the proposed
building site, revealing the large model at real-scale Fig. 5. Users can move
freely towards the model, and the interface appears as the model created Fig. 6.

Figure 4. Conducting the Experiment on-site.

Figure 5. The steps of creating AR models in BUMAR.

Figure 6. BUMAR app interface.

BUMAR interface contains many buttons for design control. It features a
sliding button menu, allowing the addition of necessary buttons according to
requirements of each experiment. This experiment focused on five primary

indicators to control the model properties, suiting a wide range of models for
the initial use of BUMAR. When any indicator is touched, it becomes activated
and turns blue. The first is (Direction), which controls the model’s orientation,
allowing users to set the front facade to left or right while keeping the model
corner in the same position, using blue arrows Fig. 7.

(a) Model 01

(b) Model 02

Figure 7. Controlling the model orientation, by the blue arrows.

Figure 8. Controlling the model position in the site (X&Y moving) and the
model height.

The second and third indicators, (X moving, Y moving), enable users to adjust
the model’s position within the site, allowing movement in four directions
up to five meters by a slider that appears at left of the screen, snapping every
half meter Fig. 8.The fourth, (Height), allows users to control model’s height,
increasing or decreasing it by up to 10% of the origin, using a similar method
to the previous two. The fifth indicator, (Material), is for replacing finishing
materials on certain parts of the model’s facade. Users can select materials by
tapping on the surface they wish to change, which turns yellow, and a list of
available materials appears on right side of the screen to choose from Fig. 9.
The interface also includes a Settings button located in the lower left corner of
the screen, which offers advanced settings with two options. The first option
is for resetting the model’s position, allowing users to adjust the coordinates
of the large model based on its reference point, which is defined by the small
model’s location at the start of the experiment. This feature enables users to
control the model’s position if they wish to use a custom model and can also
be beneficial for resetting the model’s coordinates during the experiment if an
error occurs. The second option allows users to control the model’s lighting
through two choices: the first is based on GPS included in the device, and the
second is manual lighting control through three adjustable indicators Fig. 10.
After completing the control operations and adjusting the model to the user’s
satisfaction, the user can click the Submit button. This action sends all data
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to an integrated Google Form within the app, along with an image, which is
provided as a link that can be accessed by clicking on it.

Figure 9. Controlling the finished materials.

Figure 10. Settings options, position, and lighting.

4. Resalts and discussions
The research obtained the results through two methods: the questionnaire in the
third part of the app and the integrated Google Form within the user experience
of the app. Both reflect users’ participation in design; the questionnaire focuses
on a user-centered approach, enabling designers to address user needs, while
the integrated form represents a collaborative or participatory design, allowing
direct user modifications on design. The questionnaire received 41 responses,
with some missing answers, resulting in 40 responses for some questions. The
integrated form gathered 32 responses, some repeated by the same user, inten-
tionally or unintentionally. This was expected, as the form requires an internet
connection during the experience, while the questionnaire can be answered
later. In the questionnaire’s first section, general information about users was
collected, Fig. 11a, showing a diverse range of participants in terms of age,
gender, education, and specialization, indicating significant interest in this
new experiment. It also included questions about their familiarity with AR
techniques. Notably, 37.5% of users reported they had not heard of AR before
this experiment, and only 19.5% were aware of AR applications. However,
92.5% indicated that BUMAR increased their knowledge of AR, and 73.2%
remembered general applications they had used that involved AR without
realizing it. Interestingly, 29.3% claimed to have previously participated in an
AR experiment, which somewhat contradicted previous findings. The team fol-
lowed up with these participants to clarify their responses. Most indicated they
were referring to this experience, which they experienced before answering.

Only one participant had developed a specific augmented application for his
office, showcasing 3D models on horizontal surfaces for explaining designs
to clients, but it was at a small scale and not intended for real-scale display
in actual locations. The second section included a series of questions about
the displayed virtual building, focusing on its general design acceptance, its
suitability for its proposed function as an academic department in the College
of Engineering, the appropriateness of the proposed site, and the degree of
harmony with the surrounding college buildings. Also, there was a section for
comments where users could express their thoughts freely Fig. 11b.

(a) The first section of the questionnaire

(b) The second section of the questionnaire

Figure 11. The first and second sections of the questionnaire.

This simulation activity was not intended to obtain true model evaluation but
was included to make the experience closer to an actual evaluation of real
projects, as the displayed project was hypothetical. Nevertheless, user respon-
ses were documented, showing their reactions to the model, acceptance, and
rejection of various aspects. Also, this contributes to clarifying the distinction
between evaluating the building’s design and assessing the application or aug-
mented techniques used to present it, which was the focus of the third section.
Key feedback of provided comments highlighted a desire for greater freedom
in modifying design features and requests for alternative design models and
options to provide more choices. This was expected, given the engineering
background of many participants. The third section represents the main part
of the questionnaire, forming the basis for the research results, application
evaluation, and the success of the experiment. It included fifteen questions:
the first ten focused on evaluating the application and experience regarding
usability, model clarity, understanding, interaction level, and willingness for
future participation. The last five addressed user opinions on AR technique and
its potential benefits, such as enhancing communication and public participati-
on. Each question had five answer options based on a five-point Likert scale,
with scores assigned as follows: (Strongly Agree = 5, Agree = 4, Neutral = 3,
Disagree = 2, Strongly Disagree = 1). Statistical analysis was conducted using
SPSS to calculate mean, percentage, sample direction, and standard deviation.
Results in Table 1 listed an overall acceptance of BUMAR at 85.3%. Detailed
analysis showed high acceptance rates for all questions, ranging from acceptan-
ce to strong acceptance, with percentages between 83-87%, closely aligning
with the overall acceptance rate. The values also showed a logical connection
between the answers of questions with each other, especially when explai-
ned based on the nature of the sample participating. in the experiment. Some
questions had notably higher percentages, with Q10 showing a willingness to
participate in future experiments at 89.3%, followed by Q9 regarding app deve-
lopment at 88.8%. This suggests that: the strong readiness to use BUMAR and
participate in future augmented experiments is conditioned by a very strong
desire to improve it Also, Q14 received 88.8%, indicating that participants
believe AR significantly enhances communication, while Q13 showed 86.8%,
reflecting their belief in AR’s role in promoting public participation in design,
the same percentage was achieved to Q5, indicated real interaction with the
model during the experience. Conversely, Q7 had the lowest acceptance at 78%,
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reflecting user satisfaction with the app’s capabilities for modifying the model.
This was followed by Q11 at 81%, comparing AR to traditional techniques in
design model presentation, then Q4 regarding model detail clarity at 82.9%.
Similar objective justifications apply to these lower percentage questions, as
the predominantly engineering and architectural background of participants
likely led to their demand for greater freedom in modifying design features.
Also, their prior knowledge of other design presentation techniques, which

have capabilities for detail clarity, contributed to their partial disagreement
regarding the model’s clarity through the application, which had to consider
device capabilities. The standard deviation values were minimal, indicating no
statistical significance in the differences between answers. Also, a t-test showed
no statistically significant differences in answers across questions despite some
questions showing higher values than their appropriate degrees of freedom, as
they were not far from zero values.

Table 1. Statistical analysis results using SPSS.

No. Questions

Answers Descriptive statistics T-test
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1 Ease of use: BUMAR was easy to use, did not require
high skills

17 19 4 0 0 40 4.325 0.656 86.5 Str. Ag. 41.708 39 00.00

2 User interface: Its interface was clear and understandable 18 17 6 0 0 41 4.293 0.716 85.9 Str. Ag. 36.812 40 00.00
3 Enhanced understanding: It greatly helped in understan-

ding the model
16 20 4 0 0 40 4.300 0.648 86.0 Str. Ag. 39.257 39 00.00

4 Clarity of details: There was sufficient clarity in the pre-
sented model

12 24 4 1 0 41 4.146 0.691 82.9 Agree 38.399 40 00.00

5 Interactive and realistic: there was a state of sensory
interaction with the model on the ground

17 21 3 0 0 41 4.341 0.617 86.8 Str. Ag. 45.067 40 00.00

6 Fun and exciting: The AR experience was fun and exciting 17 20 3 1 0 41 4.293 0.716 85.9 Str. Ag. 38.406 40 00.00
7 Ability of modifying: The app provides good capabilities

for modifying the design features and expressing the user’s
desire

9 22 7 3 0 41 3.902 0.831 78.0 Agree 30.076 40 00.00

8 Expressing opinions: The experience provided a great
opportunity to express opinions easily and conveniently

14 21 5 1 0 41 4.171 0.738 83.4 Agree 36.171 40 00.00

9 Desire to develop: I want to develop BUMAR, adopting
it in other purpose.

23 14 3 1 0 41 4.439 0.743 88.8 Str. Ag. 38.242 40 00.00

10 Willingness to participate: I am willing to participate in
new experiments for the purpose of evaluating designs

25 11 4 1 0 41 4.463 0.778 89.3 Str. Ag. 36.747 40 00.00

11 Comparison: There is an advantage in displaying designs
using AR over other display methods and techniques

14 15 10 1 0 40 4.050 0.846 81.0 Agree 30.284 39 00.00

12 Raising awareness: AR can contribute to increasing pu-
blic awareness of the importance of architectural design

15 22 2 1 0 40 4.275 0.679 85.5 Str. Ag. 39.826 39 00.00

13 Enhancing participation: AR can help increase public
participation in design decisions if used widely in the city

17 22 1 1 0 41 4.341 0.656 86.8 Str. Ag. 43.568 40 00.00

14 communication: AR techniques can help improve com-
munication between the designers and clients in private
projects

24 13 2 2 0 41 4.439 0.808 88.8 Str. Ag. 48.722 40 00.00

15 Sense of belonging: AR techniques can contribute to en-
hancing the user’s sense of belonging to the place and
increasing interest in future development projects

14 21 5 1 0 41 4.171 0.738 83.4 Agree 36.171 40 00.00

Total — — — — — — 4.263 0.724 85.3 Str. Ag. 38.630 40 00.00

Figure 12. The integrated form within BUMAR.
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Figure 13. As election of images submitted by participants.

This supports the assumption of strong application acceptance at the indicated
rate of 85%. Regarding the integrated form within the application, values were
received as shown in Fig. 12, which display the time and date of submission,
along with numerical values for moving in the X and Y directions, represented
with positive or negative values indicating the distance moved in meters and
the direction along the axis, left or right. The form also shows values for the
scaling factors related to the building’s height. The final field contains links to
images submitted by users, collected as in Fig. 13, which provide insights into
the chosen finishing materials and the optimal orientation of the building ent-
rance between north and west. These values are suitable for statistical analysis;
however, in this experiment, they were not the primary focus for analysis but
were used instead as a preliminary experiment to simulate real-world scenarios
related to actual projects. What has been mentioned clearly demonstrates the
potential of using the BUMAR app in various architectural fields, as well as
achieving public participation in design. The application facilitates commu-
nication between the architect and the various stakeholders, allowing for the
exchange of opinions either through questions and answers via a customizable
questionnaire tailored to each experience or through interactive features that
can be added or removed based on the nature of the presented model. In other
words, the designer can understand differing perspectives on the design eit-
her through dialogue or through active participation by interacting with and
modifying the model. In other words, the application can be used to showcase
models of lost architectural and urban heritage in their actual locations and
to record feedback on those presentations. It can also be utilized to display
engineering service elements of a building before implementation and to gather
opinions from experts prior to execution. Additionally, it can document these
elements through modeling for the purpose of showcasing them and identifying
hidden locations for maintenance. Furthermore, it can be employed to present
design models created by students and facilitate interactive communication
between students and instructors during architectural critique activities, among
other possible uses due to the application’s development potential

5. Conclusions and Recommendations
Augmented technique is an innovative tool that offers unique capabilities for
displaying architectural models, making it suitable for various architectural
fields and purposes. Its strength lies in the ability to display architectural de-
signs as comprehensive three-dimensional models integrated with their real
environments on a true scale. This capability provides objective perceptions
that are easily understandable by both professionals and the public, establis-
hing a common language for communication and interaction among diverse
stakeholders, closely resembling real-world experiences. This characteristic
plays a crucial role in enhancing public participation in design, from colla-
boration among architects to the involvement of decision-makers, owners,
and executors, and ultimately engaging building users— whether workers in
the building, beneficiaries of its services, or those interested in it as part of
their urban environment. It also fosters educational and architectural critique
between students and professors. Moreover, AR techniques compatibility with
various digital tools, such as GIS, BIM, and 3D printing, further reinforces
its effectiveness in presenting contemporary design outputs, particularly pa-
rametric designs and their complex dynamic forms, which are challenging
to grasp through traditional presentation methods. Additionally, it facilitates
the process of participation, opinion sharing, and feedback collection through
accompanying questionnaires within AR apps. Its growing popularity is at-
tributed to the fact that it no longer requires specialized equipment; instead,
it can be accessed via widely available smart devices like smartphones and
tablets. In practical terms, the experiment has demonstrated the potential for
user participation, whether through approaches focused on user requirements

via surveys or through participatory design that utilizes interactive features of
the user interface to modify the model, translating user desires or modifications
into quantifiable values for statistical analysis. BUMAR successfully achieved
a good level of acceptance among participants and effectively clarified the
augmented techniques potential for users, it created expectations and aspira-
tions for AR capabilities that exceed what it provided. The results showed
that users were more interested in interactive aspects and the ability to modify
designs, as well as the demand for design alternatives to choose from, rather
than merely displaying designs integrated with surroundings, although they
referred the significant features in receiving, understanding, interacting with,
and perceiving the model in realty. Participants expressed high confidence
in augmented technique in general for presenting and understanding design
proposals, indicating a willingness to participate in future experiments, espe-
cially if the application is developed and used in evaluations of real projects.
They showed significant interest in assessing the model, despite knowing that
it was not real, and the process was merely a simulation. It was observed
in the experiment that the use of MAR apps on users’ devices is negatively
affected by weather conditions, particularly temperature and sunlight intensity.
These factors cause the devices to overheat and reduce screen visibility due to
sunlight. Therefore, this research recommends selecting an appropriate time
from a climatic perspective for conducting augmented reality experiments, as
unsuitable conditions may reduce participation rates since these experiments
take place outdoors. Additionally, adverse weather can limit the user’s ability
to interact with the models displayed on their device screen. Additionally, it
was noted that repeated trials by some users improved their interaction with
the model. Therefore, it is preferable to make a simulation test of an app before
using it in evaluations of real projects. This would enable users to be profi-
cient in its use and distinguish their interest in the app as a new technique for
displaying from their interest in the displayed designs as the main subject of
evaluation.
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