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Abstract

Public participation is critical to the success of
construction projects as it enables citizens to influence
and engage in planning processes. Traditional
participation methods often rely on two-dimensional
technical plans, which are frequently perceived as
difficult to understand, particularly by non-experts.
In recent years, digital visualization techniques,
especially 3D models, have emerged as promising
alternatives. These approaches promise to enhance
communication among stakeholders and deepen
engagement by offering clearer and more
comprehensible representations of construction
projects.

This paper explores how public participation
based on 3D BIM model data can be implemented and
examines the user experiences associated with such an
approach. The concept is built on a 3D BIM model-
based participation platform integrated with a
Common Data Environment (CDE), which serves as
the source for three different model variants.

A prototype of the participation platform was
tested in the context of public involvement for the
redesign of a mobility space in a German city. Citizens
were therefore invited to interact with the various
model variants and actively participate in the process.

Findings from this initiative demonstrate that
guided textual information with 3D visuals enhances
citizens' comprehension of the project. Users
particularly valued the 3D models for enhancing their
understanding, while expressing a preference for
rather realistic models, even if they are more complex.
In summary, the results suggest that BIM models can
significantly enhance public participation by
improving  comprehension and  engagement,
ultimately contributing to social sustainability.
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1 Introduction

Public participation plays a crucial role in the success
of construction projects [1], as it enables citizens to exert
influence and contribute to the decision-making
processes of projects planned within their communities
[2]. Inadequate integration of the public in planning
processes can have significant consequences, including
protests, legal disputes, and delays in project timelines.
These issues often result in construction projects failing
to meet budgetary and scheduling targets [3].

Understandable  visualizations are considered
fundamental for successful public participation [4].
According to King et al. (1989), visualizations are the
only common language that all stakeholders, both
technical and non-technical, can refer to [5].

Currently, primarily two-dimensional technical plans,
floor plans, sections, and views are provided as
supporting visualizations of the project to the public [3].
Consequently, technical drawings represent the most
commonly used method for visualizing construction
projects [2].

However, there is a consensus that these are generally
difficult to understand, especially for stakeholders with
little or no experience in interpreting maps [1; 3; 6].
Consequently, such forms of representation can be
considered outdated and ineffective in the context of
public participation.

With the increasing digitization in recent years,
methods have increasingly been employed that promise
improved communication and representation of
information [2]. These novel visualization methods are
often closely linked to digital participation formats,
collectively referred to as e-participation measures. At
the core of these measures are Information and
Communication Technologies (ICT), which aim to
facilitate and make the exchange between stakeholders
more efficient [7].

Numerous studies can be found that examine the role
of digital visualization formats and their impact on public
understanding and participation.
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The study by Skaaland and Pitera (2021) investigated
the use of digital visualization techniques in the context
of public participation in infrastructure projects in
Norway. A survey was conducted among professional
users in the Norwegian infrastructure sector, comparing
various visualization techniques to examine their impact
on public understanding. The study identified that digital
visualization models led to a statistically significant
increase in public understanding and engagement
compared to traditional visualization models [2].

In another study by Onyimbu et al. (2018), the use of
3D visualizations in the context of digital public
participation in Kenya was examined. Questionnaires
were sent to planners to assess the user-friendliness of 3D
visualizations. The study concluded that the use of 3D
visualizations has the potential to improve both the
quality and quantity of public participation.
Consequently, 3D visualizations are able to promote the
involvement of stakeholders and enhance their
understanding of the proposed plans [1].

This finding aligns with the statement by Milosz, who
further emphasizes that digital 3D models allow non-
experts to have more control over what they want to see,
as opposed to what planners want to show them [8].

The research project VISB+ examined the
contribution  of  visualizations  to improved
communication of construction plans.  Various

visualization approaches were analyzed within the study,
with interactive visualizations being particularly
highlighted for their added value. Furthermore, the study
emphasizes the potential benefits of applying Building
Information Modeling (BIM) in the context of public
participation [4].

BIM represents a methodology that has seen
increasing adoption in the construction industry since the
early 21st century. Fundamentally, this approach relies
on the use of digital building models and the semantic
information within these models throughout the entire
lifecycle of a building [9]. Buildings are represented as
three-dimensional models, with each component being
detailed and digitally depicted [4].

By using BIM models, different planning variants can
be visualized and made tangible in the real environment
[3]. Furthermore, these models allow for the interactive
integration of additional layers of information, such as
noise propagation or shading effects. This could
significantly simplify communication in the context of
public participation and contribute to greater
transparency, as well as enhance the social sustainability
of construction projects [3].

Despite this potential, the VISB+ study concludes
that the use and research related to the application of BIM
models for public participation is still limited. In
particular, there is a lack of comprehensive studies on
how these models can be effectively integrated into
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participatory processes to foster broad acceptance and
understanding among non-technical stakeholders.
Therefore, further research and development efforts are
necessary to explore the application of BIM in the
context of public participation.

The aim of this study is to examine the use of BIM
model data in the context of public participation and to
collect user experiences in this regard.

The study is part of the research project BIM4People,
funded by the Federal Ministry for Digital and Transport
in Germany. As part of this project, a digital participation
platform is being developed, which presents BIM model
data and will be tested and optimized through several
real-world use cases.

This study provides a comprehensive overview of the
approach and findings from a case study of a BIM-based
participation platform. The case study is situated in a
German city with approximately 100,000 inhabitants,
representing a voluntary initiative to explore innovative
means of involving the public in urban development
projects.

The underlying concept of BIM-based participation is
detailed in the following second chapter. Additionally,
the study area, the model variants, and the opportunities
for public participation are described. In the third chapter,
the empirical study that accompanied this case study is
presented. The aim of the empirical study is to identify
the user experience of participants in relation to the BIM-
based participation platform. The study aims to gather
insights into how digital 3D models can be effectively
integrated into public participation processes to enhance
transparency, foster acceptance of construction projects,
and explore public perceptions of these models. This
chapter includes the specific research topics as well as the
corresponding findings. The final chapter of this study
provides a discussion and conclusion regarding the case
study of public participation based on BIM model data.

2 The concept of BIM-based public
participation

At the core of BIM-based public participation are two
key software products. On one hand, there is a Common
Data Environment (CDE), which serves as the central
information source. A CDE is used to collect, manage,
and disseminate relevant information related to a specific
project [10].

In the study discussed below, three model variants
were developed collaboratively by the city and the
planning office as part of a BIM-based planning process.
These models were created using authoring software and

subsequently uploaded to the CDE in Industry
Foundation Classes (IFC) format. This approach
facilitated a centralized storage system, enabling

collaboration and data exchange among the different
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stakeholders.

In this use case, the IFC model was subsequently
integrated into the city model developed during the urban
planning concept phase. The city model itself was also
available as an IFC file.

Since a CDE is primarily designed as a planning tool
for professionals, a second software product, a digital
participation platform, is developed and subsequently
used for a case study. This platform enables the public to
view the model variants through an IFC viewer and
access the associated information, allowing them to
actively participate in the planning process.

In order to display the IFC models on the platform,
xeokit, an IFC viewer which allows open-source 3D
graphics formats to be displayed in the browser [11], was
used.

The study described below incorporates a Google
Maps layer into the BIM-based platform as an additional
feature for spatial orientation. This integration highlights
the geographical context of the project, displaying its
location in relation to the existing urban structures. The
familiar Google Maps interface is intended to enhance
users' comprehension of the project's spatial context by
offering a clear and intuitive visualization of the area in
which the project is situated.

The concept of BIM-based participation, which is
based on the research findings of Matthei et al. (2024)
[12], is summarized in the following figure.

CDE BIM-based
participation platform
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Figure 1. Concept of the BIM-based public participation

2.1 Study area

The study area for the BIM-based public participation
concept is located in Diren, a city of approximately

100,000 residents, situated between Aachen and Cologne.

Due to its location in a densely populated state and
between two major cities, Duren has a high number of
commuters. The city is also significantly impacted by the
structural transformation from the coal phase-out, with
job losses, weakening supply industries, and declining
retail purchasing power [13].
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An urban development project is planned along
Diren's main train station, where a new 150,000 m?
district will be created. A specific area within this project
will focus on developing and evaluating innovative
mobility solutions. In this area, the BIM-based public
participation using three model variants is located.

2.2 Model Variants and
Opportunities

Participation

Three model variants were developed early in the
BIM-based planning process to be assessed during the
public participation phase. These are preliminary drafts,
not detailed plans, aimed at gathering public input on
needs and preferences. Option 1 (Mobility Park)
emphasizes mobility services, open spaces, parking,
green areas, and solar roofs. Option 2 (Mobility Campus)
features modern parking towers with automated parking
and sustainable materials. Option 3 (Mobility Hub)
focuses on a compact building with integrated uses.

Each option is supplemented with brief textual
descriptions on the BIM-based participation platform,
providing citizens with a clearer overview of the content.
The presentation of the variants is done in the format of
"scrollytelling,” which serves as a promising tool for
conveying complex information in an understandable
way [14]. In scrollytelling, participants navigate from
one story point to the next by scrolling. Each story point
represents specific locations or situations within the
model that have been pre-selected to guide users through
the respective variant in a structured manner. These story
points are accompanied by explanatory texts that provide
additional information about the displayed scenes,
deepening the users' understanding of the content.

The model is automatically aligned with the location
described in the text, establishing a strong connection
between the visual content and the accompanying texts.
This methodical linkage aims to enhance the
understanding of the complex spatial and urban planning
relationships. In addition to the guided presentation,
citizens have the opportunity to freely explore the model
variants. Participants can switch between views, zoomin,
and rotate the 3D model, allowing for a more
personalized and comprehensive impression of the
planning variants. Public participation takes place by
allowing citizens to view the model variants, create their
own contributions, and to read contributions from other
users, which they can also agree with. When submitting
a contribution, users have the option to associate it with
one of the three model variants and place a marker at a
specific location within the model (see figure 2). This
allows concerns to be linked to a precise spatial
allocation, facilitating clearer understanding of the issues
raised. Additionally, contributions can be categorized by
topic to facilitate targeted processing of concerns by the
city administration.
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What topic would you like to write about?
(mandatory field)

Please select... v

Create several posts on different topics

Which variant does your contribution refer to?

|
Variant 2: Mobility Campus v

Touch a point in the model to set a marker.

Your contribution
Title

Description

Figure 2. Participation opportunity on the BIM-based
participation platform

3 Empirical study

3.1 Proceedings

As part of the BIM-based public participation process,
600 flyers were distributed within the study area,
supplemented by announcements in local newspapers, on
the city's website, and through social media channels. A
QR code and a direct link to the participation platform
were provided to facilitate access and encourage public
engagement. The public participation period was open
from October 24, 2024, to November 17, 2024.

To capture detailed user experiences, a survey was
integrated directly into the BIM-based participation
platform. Participants were invited to take the survey on
the final page of the platform after reviewing the different
model variants. Additionally, users who submitted a
contribution were also prompted to complete the survey.
This methodology aimed to gather a broad and
representative sample by encouraging both passive and
active users to participate.

The survey is divided into two sections. The first part
collects demographic and socio-economic information
about the participants, including gender and age. In
addition, participants are asked about their relationship to
the particular city, e.g. whether they are residents or
commuters. The section also gathers information on their
previous experiences with public participation in general.

The second part of the survey aims to gain detailed
insights into the user experience of participants with the
BIM-based participation platform. It focuses on
experiences related to navigation and spatial orientation
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within the 3D models. Additionally, the usefulness of
various platform functionalities is examined, including
the georeferenced placement of contributions, the guided
presentation of content through scrolling on the platform,
and the categorization of contributions. Another key
focus is on how the 3D representations help participants
better understand the project and how useful the ability
to compare different project variants using a 3D model is.
The second part of the survey is conducted through
multiple-choice questions on a 5-point Likert scale.

3.2 Findings

The following subchapter present the key findings
from the conducted BIM-based public participation
process. First, general observations are presented,
followed by user experiences based on the insights
gathered from the survey placed on the platform.

321

The BIM-based participation platform had 593
unique users, with an average visit duration of 3 minutes
and 39 seconds. Of these, 364 users accessed the platform
via mobile devices (61%), spending an average of 2
minutes and 12 seconds, while 229 users accessed it via
desktop, spending an average of 4 minutes and 40
seconds.

Among the 593 visitors, 76 individuals were
returning users, indicating that they accessed the platform
multiple times. A total of 24 contributions were
submitted on the platform, 16 of which included a direct
link to the respective variant referenced in the comment.
The first variant was linked six times, making it the most
frequently referenced option. Furthermore, in three
instances, contributions were linked to specific locations
within the model.

An analysis of the thematic categorization of
contributions revealed that in 71% of cases, the assigned
topic accurately matched the content of the submission.

3.2.2

A total of 23 individuals participated in the survey
aimed at identifying user experiences. Of these, 21
respondents completed at least 80% of the survey. The
following section exclusively presents the findings
derived from these 21 participants.

The participant background reveals that 86% had
never participated in public engagement activities before.
Regarding gender, 48% identified as male, 43% as
female, and two participants chose not to disclose their
gender. In terms of their relationship to Diren, 41% lived
there, 18% worked in the city, and 27% commuted for
work. The age distribution was balanced across 18-64
years, with a slight prominence in the 25-34 age group.
No participants were under 18 or over 64, and one
participant did not provide their age (see table 1).

General findings

User experience
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Table 1 Age Distribution of Survey Participants

Age Number
<18 0
18-24
25-34
35-44
45-54
55-64
>64
n/a

RO~ wWwbhops

The evaluation of user experiences with spatial
orientation and navigation in the 3D model shows that
33.33% of respondents found orientation to be "neither
easy nor complicated,” while 20% experienced some
difficulty, and 15% found it "very easy." Regarding
navigation, 38.10% rated it as "very easy," 23.81% found
it "somewhat difficult,” 14.29% considered it "somewhat
easy," and another 14.29% viewed it as "neither easy nor
difficult.” One participant, aged 55-64, found navigation
"very difficult." A detailed representation of these results
is provided in the following figure.

14,29%
Very easy &ae 10%
0,
Somewhat easy 2000 28,57%

Neither easy nor difficult R 14.29%

o 19,05%

Very difficult W 6%

33,33%

e 476%
No response - 4.76%

000 005 010 015 020 025 030 035 040

= How easy was it for you to orient yourself spatially within the 3D model?

m How easy was it for you to navigate the 3D model?

Figure 3. User experiences regarding orientation and navigation
in relation to the 3D model

The investigation of functions on the BIM-based
participation platform revealed that the guided
presentation of information (scrollytelling) with textual
and 3D model elements was seen as helpful by most
participants. Over two-thirds rated it as "very helpful”
(47.62%) or "somewhat helpful™ (19.05%), with 14.29%
neutral. The ability to assign contributions to specific
locations was considered "somewhat helpful by 35% of
respondents, with an equal number providing no answer.
About 15% found it "very helpful,” and 10% neutral.
Categorizing contributions by theme was mostly rated as
"somewhat helpful" (30%) or "very helpful" (25%),
while 15% were neutral and 15% found it "somewhat
unhelpful”.
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Regarding 3D visualization, 90% of participants said
it somewhat improved their understanding, with 45%
rating it "very helpful" and 45% "somewhat helpful." The
comparison function of different variants using the 3D
model was rated positively, with 50% finding it "very
helpful"* and 33.33% "somewhat helpful." A detailed
overview of the evaluation is shown in the following
figure.

47,62%
15,00%

Very helpful 25,00%
45,00%

. 50,00%

I 19,05%
35,00%
30,00%

]
I 33,33%

Somewhat helpful
45,00%

. 14,20%
10,00%
15,00%

. 5,00%
11,11%

I 476%
0,00%

Neither helpful nor unhelpful

Somewhat unhelpful
L 500%
0,00%

15,00%

I 952%
5,00%
5,00%

0,00%
0,00%

Not helpful at all

I 4,76%
35,00%

No response 10,00%

0,00%
Il 556%

0,00 0,10 0,20 0,30 0,40 0,50 0,60
= How helpful did you find the guided presentation of content through scrolling on the platform?
How helpful do you find leaving comments at specific locations within the model to pinpoint

your concerns?

How helpful did you find the categorization of contributions into predefined topics (e.g., traffic
or climate, nature, and wildlife protection) for organizing your concerns thematically?

u Did the provision of a 3D visualization help you to better understand the project?

u How helpful did you find the option to compare different versions of the project using a 3D
model?

Figure 4. Usefulness of different functions

The majority of respondents preferred more realistic
3D models, even at the cost of increased complexity.
About 17% favored a very realistic model, despite
potential complexity, while 39% preferred a realistic
model that was somewhat complex. One-third sought a
balance between realism and simplicity, and only 5.56%
desired a very simple, minimalistic model with little
realism. No participants preferred a simple, unrealistic
model. Detailed results are shown in the following figure.
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Very realistic, even if it is complex - 16,67%
Rather realistic, even if it gets a little _
more complicated 38,89%
A mixture of simplicity and realism _ 33,33%

Rather simple, even if it is less realistic . 5,56%

Very simple, even if it's not very

0/
realistic 0,00%

No response 5,56%

0,00 010 020 030 040 0,50

Figure 5. Respondents' 3D model detail and realism preferences

4  Discussion and Conclusion

4.1 Discussion

This case study of BIM-based public participation
shows that 63% of users accessed the platform via mobile
devices. However, desktop users spent more than twice
as long on the platform, suggesting that while mobile
devices are convenient, desktops offer a better experience
for in-depth engagement, likely due to larger screens and
easier navigation of complex 3D content.

Although the platform recorded a total of 593
different visitors and was available to the public for 24
days, only 24 contributions were made. This low level of
participation may be due to the need to register by email
when creating contributions and the mandatory public
visibility of these. Low-threshold access could therefore
significantly increase the willingness to participate in the
future. However, the possibility of low-threshold
participation harbors the risk that people will participate
without having a deeper connection to the topic and
without being directly affected by the measures under
discussion [15]. The phenomenon of “slacktivism” or
“clicktivism” can occur in this context. This term
describes a form of digital participation in which people
get involved through simple, often situational actions
such as liking, sharing or commenting, often without
deep engagement or direct personal impact [16]. The
result would be a distorted participation result. Another
reason for the low participation level may be due to the
high information density of the platform, which could

have overwhelmed users and hindered active engagement.

The active linking of contributions to the model
variants was carried out for the majority of posts (16 out
of 24). This indicates that the majority of users consider
the option of linking their concerns directly to specific
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model variants to be valuable and useful. In three cases,
contributions were linked to specific model locations,
suggesting the function was useful to some participants.

A common problem in public participation is the lack
of representation: The same, particularly committed
citizens often take part, which can lead to a distorted
picture of the opinions and interests of the population.
Only a specific, actively engaged group participates
regularly, while the majority hardly uses the
opportunities for participation. As a result, the population
structure often remains incompletely represented and the
results of participation do not necessarily reflect the
entirety of those affected [17].

The results of this study, however, present a different
picture: A large majority of participants (86%) reported
that they had never previously participated in a public
engagement process. This high proportion of first-time
participants suggests that the digital participation
platform was successful in reaching individuals who
would otherwise not engage in traditional participation
opportunities. Additionally, the age data from the survey
indicates a broad distribution of participants. The age
groups between 18 and 64 years are almost evenly
represented, with a slight concentration in the 25-34-
year-old category. This suggests that the platform also
appeals to younger adults, a group that is often
underrepresented in traditional forms of public
participation [18].

The balanced gender distribution and the presence of
both residents and commuters among participants
suggest that the platform successfully appeals to a diverse
user group. These findings indicate that digital
participation platforms can reach a broader and more
varied audience than traditional formats.

The results regarding the analysis of user experiences
of spatial orientation and navigation in the 3D model
show mixed experiences. In connection with orientation
in the 3D model, around a third of respondents felt that
orientation in the model was neutral, which indicates that
the 3D model is functional in terms of orientation, but not
particularly intuitive for many. This leaves room for
optimization in connection with orientation support
within 3D models. If necessary, additional introductions
or tutorials could help to promote orientation within 3D
models for citizens.

The majority of respondents found navigation within
the 3D model "very easy," suggesting that the interactive
controls are well-implemented and intuitive. This may be
due to the increasing accessibility of immersive
technologies, familiarizing more people with 3D models
[19]. However, about a quarter of participants found
navigation “rather difficult,” indicating potential
challenges related to varying technical skills or devices.

The conclusions drawn from the analysis of the
various functions of the BIM-based participation
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platform show that the platform is perceived as helpful
and user-friendly overall. The guided presentation of
information (scrollytelling), which consists of textual and
3D model elements, was rated particularly positively.
Over two thirds of participants found this function
helpful, which indicates that clear and structured
information transfer in conjunction with interactive
visual elements promotes user understanding.

A large proportion of respondents also found it
helpful to locate contributions at specific points in the
model, which underlines the importance of the spatial

allocation of a contribution in the context of participation.

Nevertheless, there was a considerable number of
participants (35%) who did not provide any information
on this, which could indicate that this option was not
sufficiently pointed out or that it is still considered less
relevant at such an early planning stage. The
categorization of contributions according to thematic
categories was predominantly seen as helpful. This
shows that structuring contributions thematically allows
for a better overview and targeted discussion of specific
aspects of a project. However, some respondents found
this function less helpful, which may indicate that an
even finer adjustment of the categories or additional filter
options could be useful. The provision of 3D visualization
was rated as helpful by almost all participants,
confirming that visual representations of complex
projects significantly improve understanding. In
particular, the ability to compare different variants of the
project in the 3D model was found to be extremely
helpful by the majority of users. This shows that the
visual comparison of project variants, in addition to the
textual comparison, is considered valuable by users and
can contribute to a better understanding of the project.
Several conclusions can be drawn from the
respondents’ preferences regarding the level of detail and
realism of 3D models: Firstly, there is a high demand for
realistic representations. The majority of respondents
prefer realistic 3D models, even if this is associated with
increased complexity. This indicates that a detailed and
realistic visualization is perceived as more important for
the understanding and acceptance of the project than a
simplified representation. Furthermore, there is an
acceptance of complexity for better information content.
The willingness to prefer more complex models shows
that users value detailed information and are prepared to
accept greater complexity in favor of better
understanding. This speaks in favor of using models that
reproduce details as accurately as possible. Regardless of
this, a need for balance can be seen among some users.
Around a third of respondents prefer a balance between
realism and complexity, which indicates different user
needs and abilities. In addition, there is a low demand for
simple models. This is reflected in the very low
preference for simple or highly abstracted models.
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4.2 Conclusion

Digital transformation, particularly through Building
Information Modeling (BIM), is enhancing infrastructure
planning and public participation. BIM enables three-
dimensional representations, improving transparency and
comprehensibility compared to traditional visualizations,
potentially fostering more intensive citizen engagement.

As part of this study, an approach for BIM-based
public participation was developed that makes it possible
to present BIM model variants located in a CDE to the
public using a digital participation platform. As part of a
case study in the course of redesigning a mobility space
in a German city, initial empirical values were collected
in order to evaluate the applicability and user-friendliness
of a participation platform based on 3D BIM model data.

The study aimed to understand user perceptions of the
platform and identify challenges and opportunities in
interacting with 3D visualizations and other features.

The BIM-based public participation process has
shown that guided information transfer (scrollytelling) in
conjunction with interactive visual elements can be
considered helpful. Citizens consider the possibility of
seeing the project in 3D and comparing variants in this
way to be helpful for their understanding of the project.
The option of linking contributions with different model
variants was frequently used in this context.

The evaluation of navigation in the 3D model is
predominantly positive, which suggests that it is
generally easy to use. Orientation in the 3D model also
tended to be rated positively, although some users
perceived this as “rather difficult”. This indicates a need
for optimization in order to improve spatial orientation
when using 3D models.

The background information on the participants
suggests that a digital participation platform is a suitable
medium for reaching a broader and more diverse
spectrum of the population than is possible in traditional
formats. In this context, digital public participation
represents an important step towards inclusive
participation, a key element of social sustainability.

With regard to the level of detail of 3D models, this
study has shown that realistic and detailed 3D models are
considered more useful for public participation. However,
in order to take different user needs into account, a
platform that allows flexible adjustment of the level of
detail - from detailed to simplified representations - could
be useful.

This study has demonstrated how public participation
can be facilitated using BIM model data. The results of
this case study suggest that a guided presentation of
information, combined with interactive 3D visualization,
can significantly enhance citizens' understanding of
planned projects. This structured approach appears to be
effective in making complex content more accessible and
comprehensible, potentially improving the quality of
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public participation. However, it is important to
acknowledge the relatively small number of participants
who actively engaged with the platform beyond merely
accessing it. While 593 users visited the site, only 23
individuals participated in the user experience survey.
This raises the question of whether some users were
deterred by the platform’s technological aspects,
particularly the 3D models, which could challenge the
assumption that BIM-based visualization inherently
fosters greater participation. This paradox warrants
further investigation.

Future studies should expand the sample size and use
detailed models for deeper insights into user experience
and acceptance. Comparing 3D visualizations with 2D
plans can clarify their advantages in participation,
comprehension, and decision-making. Furthermore,
integrating citizen feedback into BIM-based planning
remains essential.
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