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Figure 1: User’s perspective of the virtual environment for procedural building design: interaction via natural language with a non-embodied
conversational agent (left) and interaction via graphical user interface (right).

Abstract
With the emergence of large language models (LLMs), conversational agents have gained significant attention across various
domains, including virtual reality (VR). This paper investigates the use of conversational agents as an interface for procedural
building design in VR. We propose a voice interface that allows a user to control parameters of procedural generation and gain
insights about the building construction metrics through natural conversation. The pipeline introduced for the conversational
agent involves utilizing LLMs in two separate API calls for natural language understanding and natural language generation.
This separation enables the invocation of various actions in procedural generation as well as meaningful agent responses
to building-related questions. Furthermore, we conducted a user study to assess our proposed conversational interface in
comparison to a traditional graphical user interface (GUI) in a VR architectural design task focused on circular economy.
The study scrutinize the user-reported usability, presence, realism, errors, and effectiveness of both interfaces. Results suggest
that while the non-embodied conversational agent enhances effectiveness due to its explanatory capabilities, it surprisingly
decreases realism compared to the GUI. Overall, the preference between the conversational agent and the GUI varied greatly
among participants, highlighting the need for further research into the evolving shift towards speech interaction in VR.

CCS Concepts
• Human-centered computing → Virtual reality; Natural language interfaces; Graphical user interfaces; Interactive systems
and tools;
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1. Introduction

In the realm of digital interaction, written communication has long
been the dominant paradigm. However, with the advent of tech-
nologies such as virtual reality (VR) and conversational agents
(CAs), speech is emerging as a more prominent mode of commu-
nication. In VR, where immersiveness is often crucial, these agents
can enhance presence and sense of immersion, while providing ex-
plainability and enabling users to interact simply by using their
voice. While being a relatively new area, research on speech as an
interaction paradigm in VR is limited. Our study aims at exploring
this paradigm shift by conducting a comparative analysis between
a non-embodied conversational agent and a graphical user interface
in VR.

The context of the study is a VR application for procedural build-
ing generation that was designed to sensitize people, especially
stakeholders, to use sustainable materials in construction, thereby
promoting the circular economy. By 2030, the demand for natural
resources will exceed the capacity of Earth by more than double.
This underlines the urgent need for a transition to circular sys-
tems, especially in the construction industry. However, GUIs of-
ten struggle to effectively control procedural modeling due to the
sheer number of parameters, leading to interface overload. There-
fore, CAs have the potential to significantly enhance efficiency in
this regard by breaking down complex modeling tasks into sim-
pler conversational interactions. Additionally, the paper presents a
two-API-call pipeline for a CA, separating natural language un-
derstanding (NLU) and natural language generation (NLG). This
setup enables prompt inference of relevant information, rather than
inferring all data each time. This method is essential for prompt op-
timization, especially due to the limited tokens available for LLMs’
context window. Furthermore, the paper introduces a novel UDP-
based framework for running computationally heavy workloads on
dedicated hardware while maintaining standalone visualization on
a head-mounted display (HMD).

While previous research has compared CAs with GUIs
within a VR futuristic workplace scenario [BWP∗22, BWN∗22a,
BWN∗22b, BWN∗22c], our study focuses on usability, presence,
realism, errors detection and effectiveness in a real use-case of ar-
chitectural design. These metrics were used to investigate how a
conversational agent might impact the VR experience and to as-
sess its effectiveness compared to a graphical user interface. The
user study involved procedural building design tasks in VR us-
ing both the non-embodied conversational agent and the GUI, with
quantitative and qualitative data collected for evaluation. We hy-
pothesized that the conversational agent would increase presence,
realism, and effectiveness but also introduce more errors. This hy-
pothesis stems from the assumption that natural speech feels more
intuitive for users, particularly those unfamiliar with VR environ-
ments, but it tends to be less reliable due to the greater challenges
involved in processing speech accurately, especially in dynamic or
unstructured contexts. The results suggest that while the conver-
sational agent condition achieves higher presence and expected ef-
fectiveness, it surprisingly lowers realism. Qualitative data revealed
that some users found the disembodied voice of the agent slightly
alienating, as they felt disconnected by the absence of a speaking
avatar, especially considering the lifelike voice. This finding is def-

initely intriguing and suggests avenues for future research. In gen-
eral, while some users favored the conversational agent due to its
explanatory capability, others preferred the GUI for its practicali-
ties. These preferences were highly personal, influenced by users’
backgrounds and speech capabilities, thus varying across individu-
als. This highlights the necessity for further research on the grow-
ing paradigm shift towards speech interaction.

2. Related Work

2.1. Conversational Agents

Since the inception of the first conversational agent ELIZA [Wei66]
to the present day, natural language processing (NLP) has under-
gone significant transformations. Conversational agents have seen a
remarkable improvement with the emergence of LLMs, particularly
with the development of transformer-based architectures and the
attention mechanism [VSP∗23]. These advancements have made
conversational agents increasingly realistic, paving the way for rev-
olutionary changes in human-machine interactions.

Until today, numerous conversational agents have been devel-
oped for various purposes, ranging from research to industry ap-
plications. Examples include the use of conversational agents in
online sales [Jus18], in educational settings [SOR17, ZVB21],
or as laboratory assistants [CLTK19] and personal assistants
[YGDSN∗23]. However, most CAs are restricted to simple tasks,
typically supported by standalone commands. To handle more com-
plex tasks, agents need to be capable of generalizing and combining
the commands they understand. This is the reason why Fast et al.
introduced Iris [FCM∗18], a textual conversational agent that al-
lows users to combine commands through nested conversations to
accomplish open-ended data science tasks.

2.2. Conversational Agents in Mixed and Virtual Reality

Virtual reality stands out as the premier medium for immersive ex-
periences, making it an ideal environment for leveraging CAs to
enhance immersion. One of the earliest examples of a CA in VR
is Max [KJPLW03], an anthropomorphic agent designed for coop-
erative construction tasks. Max’s innovation lies in its use of syn-
thetic speech, gaze, facial expressions, and gestures. Since then, nu-
merous applications for CAs in VR have emerged, such as virtual
agents in online shopping scenarios to improve consumer experi-
ences [SZD23].

Nowadays, most widespread applications of CAs in VR revolve
around training scenarios. For instance, a VR game system has
been developed for training customer service employees, incor-
porating a multimodal conversational agent with speech and ges-
ture dialogues [FOF∗20]. Other examples, fostering inclusivity, in-
clude a conversational AI-based VR system to enhance construc-
tion safety training [HSL∗24], and the use of LLMs to aid inter-
view preparation for underrepresented professionals in computer
science [ANA∗23]. Additionally, a recent paper investigates the im-
pact of embodied conversational agents (ECAs) on users in a first
responder VR training scenario [KRK23], focusing on aspects such
as realism, presence, and task performance.

Another crucial sector where CAs prove very useful is in teach-
ing. CARLA [MHSBI20] is an assistant providing interaction
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and support within an e-learning platform through spoken dia-
logue. Furthermore, Callaghan et al. developed a voice-driven vir-
tual assistant tutor to support students in a remote VR labora-
tory [CBF∗19]. A proper design of virtual learning environments
(VLEs) is in fact vital for utilizing VR technology in educational
settings, and research is increasingly focused on improving the ef-
fectiveness of such environments [NNQ17, CSMH∗24]. Moreover,
mixed reality (MR) is also explored for educational purposes, as
seen in a research from the University of Basilicata investigating
distributed pair programming (DPP) education [MEG23], enabling
developers to collaborate regardless of location through the use of
a CA.

The strength of virtual reality is also particularly relevant when
considering individuals with intellectual disabilities [GPCV∗23]
or autism [AGS23], who can greatly benefit from conversational
agents in VR, especially for competence training and well-being
management. In fact, the immersive nature of VR can provide a
safe and controlled environment for tailored interventions and sup-
port.

2.3. Comparison of Conversational Agents and GUIs

CA-supported voice interaction represents a relatively new fron-
tier, particularly with the advancing accuracy of automatic speech
recognition (ASR) technology. This is why the literature is rich in
guidelines and heuristics for GUIs but lacks similar resources for
voice user interfaces (VUIs). GUIs have been in use for decades
and have evolved alongside technological advancements, such as
the mobile revolution which significantly impacted their design.
However, finding comprehensive guidelines for VUIs is more chal-
lenging, highlighting the need for further research. Murad et al.
[MMCC19] conducted an extensive literature review on this topic
and identified the most relevant heuristics in two sets of guidelines:
10 from the studies of Suhm [Suh03] and 17 from the studies of
Wei and Landay [WL18]. These heuristics serve as a foundation to-
wards the development of general VUI guidelines, similar to those
existing for GUIs. In our study, we focused on applying the most
useful heuristics to our CA to maximize its usability.

While general guidelines for VUIs are under-researched, the ex-
ploration of effective principles in the realm of VR is almost com-
pletely uncharted. To the best of our knowledge, there is only
one project in literature that examines and compares a GUI and
a VUI within an interactive virtual environment (IVE): the NUX
project [BWP∗22,BWN∗22a,BWN∗22b,BWN∗22c]. The research
aims to investigate user experience and usability using qualitative
and quantitative methodologies. Specifically, Buchta et al. inves-
tigated user attitudes towards microtransactions in a VR environ-
ment by comparing a GUI with a robotic CA in a futuristic IVE
[BWN∗22a]. The research group also investigated the assistant’s
behavior and collected user opinions on the features for both GUI
and VUI [BWN∗22b]. The key difference with our study lies in the
embodiment of the CA, as we employed a non-embodied agent,
while a robot-like model was used for the NUX project. This dif-
ference is crucial as the user interaction between embodied and
non-embodied CAs differs greatly. As a matter of fact, the substan-
tial disparity in results from our study and theirs regarding realism
serves as confirmation. Furthermore, the NUX project focused on

interaction and communication with the interfaces, while our inves-
tigation delved into metrics such as user presence, realism of expe-
rience, encountered errors, and effectiveness for a real use case in
architectural settings. In addition, we employ the System Usabil-
ity Scale (SUS) [Bro95] to quantify usability across both GUI and
VUI systems.

2.4. Procedural Design in Virtual Reality

As computational power advances and devices become increas-
ingly capable of handling larger volumes of data, the demand for
more detailed and sophisticated environments continues to rise.
This is especially true for VR, where the sense of immersion and at-
tention to detail are crucial. Procedural generation of environments
has become an important tool to help speed up the design process
and optimize performance [GMD23]. Recognizing this, Joklova et
al. [JB19] conducted research on tools that support digital creation
and representation, focusing on areas such as architecture, land-
scape planning and civil engineering. Their aim was to embrace
the dynamic nature of this field and provide valuable educational
resources for students at the Faculty of Architecture at the Slovak
University of Technology in Bratislava.

One of the most straightforward applications of procedural de-
sign is in city planning, due to the repetitive nature of urban struc-
tures and the ease of assigning parameters to control various build-
ing features. Numerous studies in the literature explore techniques
for procedurally generating cities. Some focus on approaches that
integrate real-world street data [BWAB20, WBE22] or aim to en-
hance it by automatically detecting and filling the empty spaces be-
tween buildings [ELNN∗19], while others emphasize the creation
of entirely new cities based on specific architectural styles and uni-
versally applicable building criteria [SdCH∗22, LZK12]. A unique
approach by Rodrigues et al. [RBCNV15] involves the use of ge-
netic algorithms to optimize grammars that generate models with
the desired properties. Furthermore, Cogo et al. [CPH∗19] provide
a comprehensive overview of the integration of procedural model-
ing techniques required to create a complete virtual city, including
streets, roads, outdoor areas and fully furnished indoor spaces.

Procedural techniques also have significant applications in in-
terior design. Du et al. [DZH∗23] developed MyRoom, a Unity
plugin that imports layout datasets for indoor synthesis and al-
lows users to procedurally generate and interactively design interior
scenes. This plugin simplifies the creation of high-quality indoor
environments in games, helping users achieve their design goals ef-
ficiently. Similarly, Cheng et al. [COHW19] introduced VRoamer,
a system that enables users to explore real-world spaces virtually,
with scenes generated dynamically by extracting walkable areas
and detecting physical obstacles in real time. Another notable ap-
plication of procedural generation is the creation of terrains. Meng
et al. [MCSL09] present an efficient algorithm based on midpoint
displacement for generating terrain in games and simulations, in-
cluding procedural texture generation that matches the heightmap,
thereby enhancing the realism of the generated landscapes.
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Figure 2: Architecture of the conversational agent. Local services
are running on a dedicated workstation and online services are
accessed using the OpenAI API.

3. Conversational Agent for Building Design

Our research focuses on enabling procedural building design in
virtual reality through a CA interface, which offers significant ad-
vantages in explainability compared to conventional GUIs. Further-
more, the use of a CA creates a user-friendly interface that does not
require extensive learning from users, thus improving accessibility
for those who are not technologically proficient or have limited ex-
perience with complex GUIs. Through the use of voice, users can
manipulate the virtual environment and engage in a dialogue with
the agent to gain a deeper understanding of the end-of-life (EoL)
considerations of different materials and their impact on the build-
ing being designed.

3.1. Conversational Agent Architecture

Figure 2 shows a schematic representation of the CA pipeline. The
first module consists of automatic speech recognition (ASR), which
converts the user’s speech into text. This module is implemented
using a local Nvidia Riva server running in a Docker container on
the workstation. The ASR is followed by the natural language pro-
cessing (NLP) phase, which consists of the natural language under-
standing (NLU) module and the natural language generation (NLG)
module. Both modules use the OpenAI GPT-4 Turbo model, which
is known for its significantly improved processing speed and per-
formance compared to other LLMs.

The NLU module is responsible for recognizing the user intents,
extracting functions and parameters, and translating them into pro-
grammatic commands. To achieve this, a prompt has been opti-
mized to precisely define possible functions and parameters that the
model should output. Additionally, the module can identify when
the user seeks general conversation or requests information regard-
ing the building, materials or metrics. This versatility enables the
agent to handle various conversational scenarios, efficiently and ef-
fectively. Moreover, the agent is able to process multiple requests
simultaneously, allowing it to handle multiple requests from a sin-
gle sentence. To detail, the first part of the NLU prompt provides a
general description of the task and guidelines for handling various
types of user queries, including how to classify invalid or conversa-
tional requests. The second part lists all possible parameters catego-
rized into various groups, while the third part outlines the specific

commands and their corresponding outputs based on the given pa-
rameters. Additionally, building information such as the number of
floors and materials is inferred and updated with each request to
increase accuracy.

After the NLU module, the output command is processed ac-
cordingly to the detected intent. If the intent involves a function, the
programmatic command is sent to the VR application, running on
HMD, to be executed and to update the visualization. Subsequently,
the VR application sends a status message to the agent indicating
whether the execution of the function was successful or whether
errors occurred. In addition, the VR application sends an encoded
string representing the current state of the building the user is de-
signing. This data allows the agent to accurately address questions
related to the building. Alternatively, if the detected intent is con-
versational or informational, a subset is extracted from a database
containing the agent’s knowledge in text format. This subset, along
with the decoded building string and status response, is then in-
ferred to the NLG API request prompt, allowing the NLG module
to generate a natural response based on the specific context and
information requested.

We have included a memory feature for both the NLU and NLG
modules that stores the last 10 interactions between the user and the
CA. This allows the models to retain earlier parts of the conversa-
tion, which greatly improves contextual understanding. As a result,
users do not have to repeat topics and formulate complete sentences
each time, which promotes a more natural flow of conversation.

The last module is the text-to-speech (TTS) module, which was
implemented using the OpenAI TTS HD model. The text gener-
ated by the NLG module is transmitted to the HMD, where an
online TTS API request is sent directly from the VR application.
This approach enables audio playback directly from the headset’s
speakers, eliminating the need for external headphones. We chose
Shimmers’ voice from the OpenAI library for the agent because we
found it provided the perfect balance of warmth, clarity and friend-
liness, allowing for a natural and welcoming interaction with users.

3.2. Workstation-HMD Framework

Within VR, having a standalone HMD is particularly convenient as
it allows users to move freely without being restricted by cables.
However, the downside of a standalone headset is its limited com-
putational power, often insufficient for running hardware-intensive
computations. This limitation motivated our decision to design a
framework based on User Datagram Protocol (UDP) to separate
the visualization and computational components. By implement-
ing this solution, we enable the system to be highly scalable and
upgradable in the future without being constrained by the hardware
limitations of the HMD. UDP is chosen over Transmission Control
Protocol (TCP) or other protocols due to its fast data transmission,
as it does not entail any processing for data validation. In VUIs,
swift response times are crucial to create a natural conversational
flow with agents. Additionally, our future plans include integration
with architectural software that support UDP connectivity, such as
Grasshopper and Archicad, in order to enable real-time procedural
geometry generation.

Figure 3 displays a graph of the framework. All system compo-
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Figure 3: Workstation-HMD framework. Internal and external
software illustrate the hardware scalability of the agent.

nents share the same private IP address range, placing both HMD
and workstation in the same local area network (LAN). Each arrow
represents a UDP connection through a specific port. The HMD
used in this study is the Meta Quest 2, while the workstation is an
ASUS ROG Strix equipped with an Intel Core i9-13980HX CPU
and an Nvidia GeForce RTX 4090 GPU. Both the VR application
for visualization on the HMD and the agent have been developed in
Unity 2022.3.10f1. No external or internal software were used for
this study, as the implementation has already been completed but
will be utilized in future work.

The agent sends data to the HMD via three UDP connections
on different ports. The first channel is used to send the NLU API
response, enabling the HMD to process it graphically. The second
channel is for sending the NLG API response, so that the TTS API
request can be sent directly from the HMD. Finally, the third chan-
nel is reserved for data transmission, such as the computation of
metrics that occur in the workstation but need to be visualized in
the VR application.

All data transmitted from the HMD to the workstation passes
through a Python script, primarily designed to filter the data and
control the workstation’s microphone. The user is able to control
the communication with the agent by pressing the trigger button
on the left Quest 2 controller. This action is mapped to operate the
microphone on the workstation on which the Nvidia Riva server for
the ASR module is running locally. Subsequently, all messages that
are not related to microphone control, such as the building encoded
string and the status message, are forwarded to the agent running
on the workstation.

3.3. Procedural Building Design

The current setup comprehend seven different floor presets, includ-
ing one ground floor, one roof floor and five middle floors. Each
preset varies in composition, with some having a larger portion ded-
icated to apartments while others allocate more space to offices,
and in total gross floor area (GFA), a parameter used to compute
metrics. The selection of materials provides two choices for each

Functions Parameters
add_floors number, floor preset, (position)
remove_floor position
change_floor floor preset, position
swap_floors position1, position2
change_walls wall type, wall material, (position)
change_slabs slab material, (position)
visualize_metric metric / off
change_time time / daily event

Table 1: Available functions and relative parameters that both CA
and GUI can execute for the procedural generation of the building.
Optional parameters are in parentheses.

category of walls, including exterior walls, non-load bearing inte-
rior walls, and load bearing interior walls, and three alternatives for
flooring. This brings the total number of distinct material options to
nine. For environmental metrics, the system can compute and dis-
play global warming potential (GWP), acidification potential (AP),
primary energy intensity (PEI) and oekoindex (OI3). When visual-
ized, the metrics are displayed for each floor with a color gradient
from red to green, with red indicating a poor value and green in-
dicating a good value. The functions that both CA and GUI can
execute are reported in Table 1, which lists the respective functions
along with their required and optional parameters.

The VR application operates in two distinct modes: design mode
and immersive mode. In design mode, users can manipulate the
position, orientation, and scale of the building, as well as change
floors, materials, and view metrics to determine the environmental
impact of their designs. In immersive mode, the building is scaled
to its original size and the user is teleported inside, allowing them
to navigate the space as though they were physically there. Tele-
portation was used as a locomotion metaphor during building ex-
ploration. In this mode, the user can explore the designed building
and easily change the interior materials, benefiting from immedi-
ate visual feedback on the changes. Inside the building, functions
are resticted as it is not possible to make structural changes such as
adding or removing floors.

Currently, the procedural generation of the building is entirely
done with Unity, which allows to easily manipulate geometry
within a virtual environment. In future work, we plan to integrate
Grasshopper into our framework to improve the procedural gener-
ation capabilities and allow for more flexibility and more sophisti-
cated geometry generation.

4. User Study

We conducted a study to investigate the effects of integrating a CA
into a VR application as user interface for procedural building de-
sign. Participants engaged in building design tasks using both the
CA and a traditional GUI interface conditions in VR.

Conversational Agent Condition
In the CA condition, participants completed the building design
tasks by giving voice commands to the CA, which executed the
requested functions listed in Table 1. Participants were also able to
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consult the GUI, displayed as a floating panel anchored to their left
hand, to view information such as available floors, materials and
metrics. The GUI could be interacted with using rays and trigger
buttons. Although the GUI served as a visual aid, all actual design
interactions and modifications were carried out exclusively through
the CA, with participants relying solely on voice commands for
function execution.

Graphical User Interface Condition
In the GUI condition, the CA was disabled and participants relied
solely on the GUI to perform the functions listed in Table 1. While
the GUI sections displaying available floors, materials and met-
rics remained accessible for consultation, an additional GUI section
was enabled, allowing participants to directly select parameters and
execute functions through the GUI. In this condition, all tasks were
completed exclusively through the GUI, without any reliance on
the CA.

The study followed within-groups design. We collected both
quantitative and qualitative data for evaluation, focusing on user-
reported usability, presence, realism, perception of errors, and ef-
fectiveness of both interfaces. To measure these metrics, we used a
post-experiment questionnaire and conducted short interviews with
participants. Presence was assessed using questions from previous
research [SUS94, WS98], while usability was assessed using the
System Usability Scale [Bro95]. We introduced new items to as-
sess realism, perception of errors and effectiveness. In addition,
four open-ended questions about the agent were included to explore
potential future improvements, along with a final open-ended ques-
tion to summarize the user experience. Our hypotheses were that
the integration of the CA would improve presence, realism and ef-
fectiveness in comparison to the GUI by creating a more engaging
and authentic experience. However, we also anticipated that this
integration could result in more errors due to the increased com-
plexity of interactions.

4.1. Task

During the user study, participants were asked to design a building
while exploring how different materials impact the circular econ-
omy. At the beginning, participants spent about 5 minutes famil-
iarizing with the examined interface, interacting with it to learn its
functions. During this time, they explored actions such as adding
or removing floors and changing wall and slab materials. Partici-
pants were also able to review the available floor presets and ma-
terials, as well as the metrics they could visualize and discuss with
the CA. For this purpose, the GUI was consultable throughout the
entire user study for both conditions. However, during the CA con-
dition, performing the functions listed in Table 1 via the GUI was
restricted, allowing only the review of information to facilitate the
interaction with the CA.

Subsequently, participants were then given the first actual assign-
ment, which involved the design phase of the task. This required
using the available floor presets to instantiate a building composed
of a ground floor, five middle floors, and a roof floor. During this
phase, participants were able to view the building from the outside
and perform manipulations such as rotation, movement and scaling
to better visualize it during the design process.

After the first phase, the material phase began. In this phase, the
participants were asked to change some materials of the designed
building. The first materials to be changed were the exterior walls
of some floors from timber, which is the default parameter, to con-
crete. After that, participants were asked to activate the immersive
mode and explore the building from the inside, while changing the
materials of the load-bearing and non-load-bearing interior walls,
as well as the flooring.

Once the material phase was completed, the final phase, focused
on exploring the building metrics, concluded the task. During this
phase, participants were asked to leave the immersive mode and vi-
sualize some environmental metrics. Through this process, partic-
ipants were able to observe how different materials influenced the
metrics, highlighting their respective impacts on circularity. This
not only helped them understand the environmental implications of
their material choices, but also empowered them to make informed
decisions for sustainable building design by replacing less sustain-
able materials with better alternatives.

4.2. Procedure

Participants began by reading and signing a consent form outlin-
ing the study’s purpose, description, and potential discomforts such
as motion sickness. Following this, each participant completed a
brief demographic questionnaire and received instructions on how
to use the HMD. Once familiar with the VR application, they pro-
ceeded to perform the task described in Section 4.1 with the first
interface. To minimize the learning effect, half of the participants
started with the GUI while the other half started with the CA. After
completing the task with the first interface, participants filled out
a questionnaire assessing usability, presence, realism, encountered
errors, and effectiveness of the interface in real-world scenarios.
Following that, they repeated the task using the second interface
and filled out the questionnaire again. After assessing both inter-
faces, a short interview was conducted to orally gather feedback
from participants. Finally, they were asked to formulate a written
answer to an open-ended question regarding their overall experi-
ence. Participants were given 10 minutes on each task, with an ad-
ditional 5 minutes at the beginning of the study for learning how
to use the VR application, resulting in a total time of around 25
minutes spent in VR by the end of the study.

4.3. Participants

20 participants were involved in the user study, consisting of 7
females and 13 males. The average age of participants was 27.5
years (SD = 4.8 years). To gather feedback from both individu-
als in the architecture field and those outside of it, we selected 12
participants with backgrounds in or currently studying architecture-
related fields, and 8 participants from other disciplines. Most par-
ticipants were from the academic environment, including students
and researchers. Their average knowledge level about VR was 3.25
(SD = 1.8) on a scale from 1 to 7, where 1 indicated no experience
and 7 indicated expertise.
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Figure 4: Results of the questionnaire metrics investigated in the user study.

Metrics Presence Realism Effectiveness Error frequency Error severity SUS
Shapiro-Wilk Test .353 .291 .007 .162 .018 .021 .005 .001 .001 .001 .075 .570
t(19) 1.615 .272
Z-value -1.999 -2.072 -2.038 -1.715
p-value .123 .046 .038 .042 .086 .788

Table 2: Significance of differences between the compared interfaces. Shapiro-Wilk Test indicates if the data was normally distributed for CA
and GUI conditions and subsequently significance of difference (p-value) was calculated by either paired sample t-test or by the Wilcoxon
signed-rank test. Additionally, t-values are reported for normal distributions and Z-values for non-normal distributions.

4.4. Results

The results from the questionnaires comparing the CA and GUI
can be observed in Figure 4. The y-axis represents values on the
Likert scale, with each bar representing the average response of
participants for a specific condition, while error bars indicate the
standard deviations in responses.

To analyze the statistical significance of differences between the
two interfaces, we first used the Shapiro-Wilk test to assess the nor-
mality of the distributions. A value below 0.05 suggests significant
departure from normal distribution. We then performed the paired
sample t-test for normal distributions and the Wilcoxon test for
non-normal distributions. Table 2 illustrates the results of normality
tests conducted using the Shapiro-Wilk test, where the first value in
each pair corresponds to the CA distributions and the second value
to the GUI distributions. We also report the t-values for normal dis-
tributions and the Z-values for non-normal distributions. The table
finally displays the output p-values from the corresponding statis-
tical tests, with a significance threshold of .05 used for interpreta-
tion. Analysis of these results demonstrates that the differences in
realism, effectiveness, and error frequency metrics between the two
interfaces are statistically significant.

As predicted, the CA enhanced presence and effectiveness com-
pared to the GUI by providing explanatory capabilities, allowing
for clearer communication of information. While the difference
between conditions in subjectively-rated effectiveness was signif-
icant, the difference in presence was not significant. Thus, only

our hypothesis about the effectiveness was supported by the results.
However, the CA interface also introduced significantly more errors
than GUI, since natural conversations are susceptible to misunder-
standings. Interestingly, participants perceived that the GUI signifi-
cantly enhanced realism in comparison to the CA, contradicting our
initial hypothesis. From the interviews and responses to the final
open-ended question, two main reasons emerged. Firstly, some par-
ticipants found the lack of embodiment in the agent slightly discon-
certing. Being in a virtual environment with a disembodied voice
felt to some extent alienating, reducing the realism of their experi-
ence. Secondly, users sometimes felt that the response time of the
CA was too long, with occasional waits exceeding 10 seconds. This
was primarily due to the internet speed, as the agent relies on the
OpenAI API for its functionality. In terms of usability, the two in-
terfaces did not differ significantly, both scoring a very high grade
of A- in the System Usability Scale, indicating nearly excellent us-
ability.

5. Discussion

The most intriguing finding of this study revolves around the de-
creased realism observed when using the CA as interaction inter-
face in comparison to GUI. In VR, where users expect complete
immersion due to its highly immersive features, it is often crucial
to mimic real-world behavior. CAs are designed to emulate human
speech and actions, essentially serving as metaphors for real hu-
man assistants. Users, hearing a human-like voice and interacting
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within a realistic virtual environment, naturally expected a human
avatar to converse with. Furthermore, achieving realism with CAs
poses one of the most significant challenges, as their purpose is to
simulate human behavior, requiring them to adapt to conversations,
situations and unexpected events.

In our investigated scenario, which involved procedural building
design to encourage stakeholders to use more sustainable materi-
als in line with circular economy principles, the CA emerged as
significantly more effective interface than GUI according to users’
judgement. This was primarily due to its explanatory capabilities,
allowing the agent to engage in direct conversations and explana-
tions with users, addressing their questions effectively. This sug-
gests that in applications where users need to comprehend complex
instructions or learn new information, CAs serve as a valuable in-
terface to achieve these objectives. While GUIs can efficiently dis-
play information and data, they often require users to interpret them
independently. Additionally, with complex or large datasets, users
may struggle to locate and access the specific information or func-
tions they need. Conversely, CAs can provide access to this infor-
mation through targeted questions, simplifying the process. How-
ever, in simpler systems, CAs may be slower than GUIs and more
prone to errors, making them less suitable. Therefore, a combina-
tion of CAs and GUIs is often the optimal solution, allowing users
to perform quick actions or access written information and data as
needed, while still utilizing CAs for more complex tasks and in-
quiries.

A drawback of using CAs is related to the reliability of the in-
terface, particularly in terms of errors. GUIs offer limited functions
in a structured manner, clearly indicating the possible interactions
users can have with them. However, CAs lack this feature, making
it more challenging for users to understand the available interac-
tions. To address this, written guidelines for using CAs are often
helpful, providing users with a clear understanding of the poten-
tial interactions they can have. Equally crucial is the agent’s ability
to communicate its capabilities, indicating what actions it can or
cannot perform. This allows the agent to provide feedback to users
when certain functions are not possible, helping users understand
the reason and preventing them from making the same requests
again.

5.1. Limitations and Future Work

The CA has demonstrated considerable effectiveness for its in-
tended task, gathering positive feedback from most participants of
the study. However, we have identified some limitations and areas
for improvement. One significant limitation arises from the agent’s
architecture, which relies on multiple API calls, thereby making the
response speed of the CA highly dependent on internet speed and
server load. This dependency often leads to variable response times,
with the agent sometimes answering quickly and at other times tak-
ing several seconds to generate a response. Furthermore, another
issue emerged during the user study concerning the ASR module.
Trained primarily on American accents, it struggled to understand
foreign speech patterns, leading to communication challenges, es-
pecially for participants with strong non-American accents. This
occasionally caused misunderstandings, significantly impacting the
experience of some of the participants.

In our upcoming work, we aim to improve the agent to provide a
more robust and dependable interface. Initially, we plan to give the
agent a body to explore whether this enhances the overall realism
of the interaction. Additionally, we also intend to improve response
times by employing a dedicated network for API requests and en-
hance speech recognition by adopting a context-based approach,
which could prioritize certain words and potentially improve un-
derstanding for non-native speakers. Most significantly, we aim to
expand procedural design capabilities by integrating external soft-
ware such as Grasshopper and Archicad. This integration will al-
low users to generate geometry procedurally, without being con-
fined to preset options. Furthermore, we will increase the agent’s
functionalities and refine its knowledge to offer more accurate and
precise explanations of concepts and answers to questions. Lastly,
additional research is required to explore the observed reduction in
perceived realism associated with the non-embodied CA interface.

6. Conclusion

This paper investigated the use of a CA to perform procedural
building design tasks in VR. A pipeline for the CA was intro-
duced, which involved utilizing LLMs in two separate API calls,
thereby separating natural language understanding and natural lan-
guage generation. Additionally, a framework was presented to con-
nect a HMD and a workstation to overcome the hardware limita-
tions of standalone headsets, allowing the agent to utilize external
software for hardware-intensive computations.

A user study was conducted to evaluate the non-embodied CA
interface, comparing it with a traditional GUI in a VR architec-
tural design task focused on circular economy principles. The study
evaluated user-reported usability, presence, realism, errors, and ef-
fectiveness of both interfaces. The results indicate that while the
CA was found to be more effective, it also introduced more errors.
Particularly interesting was the decreased sensation of realism re-
ported by participants using the non-embodied CA compared to the
GUI. The exploration of VR procedural generation using voice in-
terfaces represents an intriguing topic and this paradigm shift from
written to spoken interaction may lead to increased efficiency of
voice user interfaces in the future.
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