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Abstract:

The conceptual phase of lighting design is a
balance between verbal and visual translations of
the ideas. However, this process consumes
considerable time due to switching between
multiple software programs and performing
repetitive tasks that do not even require
professional  expertise. Generative  Artificial
Intelligence (GenAl) has the potential to assist
during this phase; however, there is no clear
guideline for adapting it to existing workflows.
This gap is the focus of the thesis, which develops
a GenAl-integrated framework for the early phase
of lighting design through analysis and testing with
real practitioners in collaboration with Concepto
Office. The framework consists of three
components: a Workflow Map, a Prompt Formula
with a Vocabulary Taxonomy, and a set of
Communication Principles. Three criteria played a
key role in shaping this structure: client
communication, conceptual efficiency, and GenAl.
In terms of methodology, a sequential exploratory
design method was applied, consisting of four
surveys and four interviews to identify gaps within
the workflow, followed by an experimental test
with ten participants comparing traditional and Al-
assisted concept production using OpenAl’s
ChatGPT based on a client brief for the facade of
Eglise Notre-Dame-des-Vertus in France. The
findings show that AI’s contribution to the
workflow is more visual than verbal, with higher
results in professionalism and design acceptance
but lower results in verbal clarity. Based on these
findings, the framework was redesigned with the
suggestion that it should be implemented in real
lighting design practice only as an assistive tool,
rather than replacing the human touch.
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1. Introduction

Artificial intelligence (Al) is described as the capacity to accurately read input, process data,
and apply those learnings to accomplish particular objectives and activities through flexible
adaptation (Kaplan & Haenlein, 2019). Models that produce original written or visual
material based on existing data are described as Generative Artificial Intelligence (GenAl),
while a subcategory of GenAl focused on natural language generation and interpretation is
referred to as large language models (LLMs), such as OpenAl (2023)’s GPT family
(Ghimire et al., 2024). Within architecture, design management, and construction, several Al
sub-technologies have been examined for integration into the workflow, including GenAl,
Large Language Models (LLMs), Generative Pre-trained Transformers (GPTs), and
Generative Adversarial Networks (GANs), among others (Alwashah et al., 2025). A new
technological era of GenAl began with the development of LLMs in 2023 following the
public release of ChatGPT (OpenAl, 2023; OpenAl, technical report, 2023). Since then,
GenAl has increasingly been implemented into everyday professional practice, while recent
research highlights both the advancements and limitations of current lighting software,
particularly regarding workflow inefficiencies, simulation accuracy, and the lack of
integrated Al support (Chen et al., 2025; Zhao et al., 2025). Similarly, results show that Al
integration into the AEC (Architecture, Engineering, Construction) industry positively
affects the design process by enabling more efficient production, supporting innovative
approaches, and evolving workflows (Li et al., 2025). As many repetitive actions can be
assisted by Al, designers are able to focus more on creativity (Lo, 2023; Onatayo, 2024). It
is anticipated that emerging technological tools will enhance rather than replace qualified,

management, technical, and imagination-based jobs (Shen, 2024).

Contrarily, Al has not only affected industries positively. Microsoft’s dismissal of

approximately 6,000 employees in 2025, officially attributed to reinvestment into non-
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repetitive areas, though widely understood as Al-driven (Katanich, 2025), is among the most
visible examples. Although previous studies argue that Al creates more space for creativity,
such industries have also been negatively affected (Shen et al., 2024). Furthermore,
Landymore (2022) describes how AI models repurpose existing artistic outputs by
regenerating them in new forms while reducing costs or distributing them freely without the
original creator’s consent. This issue raises further questions regarding the future of Al
integration into workflows in terms of originality and professionalism. Mollick (2024)
addresses this concern by drawing examples from previous waves of technology, which
strengthened existing systems rather than replacing the human factor. Such changes instead
enhanced efficiency and communication in the presence of human involvement, even when
initially perceived as threats to employment. However, with the current emergence of LLMs
and GenAl, Al-supported tools can, for the first time, replace human input in many parts of
the workflow rather than merely supporting it. This situation directly affects all stakeholders

involved in the workflow: employees, employers, and clients.

On the other hand, it is difficult to disregard the presence of Al in workplaces. A
2023 international survey of over 14,000 full-time employees across 14 countries
(Generative Al Policies at Work, 2023) shows that more than half of workers worldwide are
willing to use Al at work and feel more engaged when doing so, while employers are largely
open to the practice. Yet more than three-quarters of companies have no clearly defined Al
policies, and 28% of employees use Al at work without informing their employer. In other

words, the technology is already spreading regardless of formal monitoring.

1.1Problem Statement

Jang, Roh, and Lee (2025) suggest that there is a need for a design framework defining
methods and implementations of AI within each task, either to replace or assist the

workflow. As discussed later in Section 2.2 communication gaps remain a persistent
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problem during the creation process. Zhang (2022) suggests that integrating Al with BIM
could help clients better understand projects through detailed real-time visualizations,
described as the future of design. Such automation would allow designers to make quick
real-time revisions and enhance communication with stakeholders, particularly for design
intentions that are difficult to convey through conventional drawings (Bagasi, Nawari, &
Alsaffar, 2025). However, considering current market conditions and available technologies,
and with this communication principle at the core, this research focuses on easily accessible
methods of assisting the workflow to support designers in achieving a smoother transition

during project preparation.

1.2 Aim and Contribution

The aim of this project is to create a framework that explains how to integrate GenAl into
the workflow in relation to two additional criteria: conceptual efficiency and
communication. The project assesses the user experience of these workflows and identifies
the most time-consuming steps in the design-to-delivery process, while evaluating the
quality of communication between the designer and the client through both qualitative and
quantitative methods. The study focuses on the main GenAl tools currently used in practice
and examines them from the perspective of practising lighting designers with different levels

of experience, including master's students.

The main user group of this study is the collaborating office; Section 2.2 explains the
contribution further. The study works with a real test group to establish a strong analytical
basis for understanding gaps within the lighting industry and addressing these requirements.
Designers participate in structured testing sessions by completing surveys on their existing
workflows, reviewing and evaluating example outputs, and providing feedback. These
findings are used to identify which tasks within the conceptual phase are most suitable for

Al support in relation to conceptual efficiency and communication. The same questions are
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later extended to students, international professionals, and other companies to compare

outcomes across different contexts, as discussed in Subsection 2.2.3.

To support the findings, interviews were conducted with practitioners from across the
lighting design industry: a senior lighting designer; a Bachelor's student taking a lighting
design course; and two technology company representatives to understand the capabilities of
their programs for luminaire specification, as well as a search and visualisation platform
built on existing market products. The interviewees, dates, formats, and consent details are
reported in Section 3.2. These analyses and insights aim to inform lighting designers about
areas where GenAl could support a smoother transition by assisting the process rather than

replacing it.

The framework is tested through a case study on the fagade lighting of Eglise Notre-
Dame-des-Vertus, comparing traditional and Al-assisted concept production. The
contribution of this thesis is to identify where Al can support the lighting designer's

workflow by allowing more time for creativity and reducing time for repetitive tasks.

From this a "what if" vision was created to guide the project with following initial

research question (IRQ):

“For decades, the lighting designer has been a technical draftsman, 3D-modeler,

cost estimator. What if the lighting designer became, again, a designer of light?”

IRQ: “Where in the architectural lighting design workflow does production friction
most affect designers’ conceptual efficiency, and which phases offer the greatest potential

for Al integration?”
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2. Analysis

2.1 Workflow of Architectural Lighting Design

To implement GenAl tools into the workflow, the first step is to understand how lighting
designers work: in which order, through which steps, and with which methods. Livingston
(2022) describes this process in five phases: “Programming, Schematic Design, Design
Development, Construction Documentation, Bidding, and Construction Administration”.
The first step is site analysis, which aims to clarify the requirements of the space, such as
different activities, functions, and special needs, before moving into the next phase where
ideas are technically developed with basic details (Livingston, 2022). Based on left side of
the Figure 1, all the steps described by the author are illustrated, whereas on the right side, it
explains the process through a more business-oriented model that presents varied methods
used by lighting designers and their approaches within the field. Despite these distinctions,
the main structure of the process remains the same: an inductive method for developing

ideas.

GATHER PROJECT REQUIREMENTS AND INFORMATION
P h ian s

01 | Pre-Design + Project Establishment (5%)
02 | Concept + Schematic Design (15%)

03 | Design Development (15%)

04 | Planning + Development Approval (5%)

NTS AND GOALS
or Design Development

05 | Construction Documentation (25%)

06 | Contractor Selection (5%)

07 | Contract Administration + Construction (25%)
08 | Defects + Post-Construction (5%)

IGHTING EQUIPMENT
and/or Con

01 Pre-Design + 03| Design 05| Construction ol ki
Rivject e B Construction

Architecture Project Stages >
EXECUTE DESIGN
nstruction and Construction Ad
LIGHTIN C

02 | Concept + 04 | Planning + 08 | Contractor 08 | Defects + Post-
Schematic Design Development Approval Selection Construction

Figure 1: Comparison of two architectural workflow approaches adapted from Liz (n.d.) (Left)
and Livingston (2022) (Right).

Considering these differences, “Concept Development” is added to the schematic

design workflow in the right side. While the first phase, “Pre-Design + Project
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Establishment” focuses on deeply analyzing the project itself, the second phase, “Concept +
Schematic Design” is where designers are primarily considered problem-solvers (Skarlatou,
2010). Additionally, Tim Brown (2019) describes the beginning of this process as fulfilling
needs through the capabilities of design thinking, developed through years of accumulated
knowledge alongside the limitations of available technologies and industry resources. Due to
its ambiguous definition, this phase has become one of the most researched parts of the
workflow in order to better understand its background processes (Skarlatou, 2010). As
Livingston (2022) describes, it is the phase in which designers develop visually appealing
and technical solutions by defining the outline of the space and the intended atmosphere of
the design through “sketches, diagrams, preliminary ground plans, outlines, and
narratives.” During this process, user groups and collaborators participate from the
beginning with their specific needs, while the varied backgrounds of designers within the
industry contribute to creating unique, original, and irreplaceable design solutions

(Chasanidou et al., 2015).

2.1.1 Conceptual Efficiency

Description of efficiency is subjective, as it does not depend solely on the designer’s
ability to produce. As explained in the previous Section 2.2, the client is actively involved
from the beginning of the project, which can interrupt the designer’s preparation process
through meetings, feedback sessions, discussions, or budget-related issues among the
disciplines working together (Livingston, 2022). The purpose of client participation
throughout the process, particularly through briefing, is to encourage creativity and
efficiency in planning and production (Ryd, 2004). In contrast, the early stages of the
process become more difficult when client needs do not align with expectations, as they
require greater coordination than production. Additionally, clients often express themselves
in abstract ways that must be transformed into a clear framework for architectural study;
unmet expectations may therefore cause delays during this phase due to differences in

communication mediums (Saud Harahsheh, 2019). Caligkan et al. (2023) state that there is a
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strong relationship between client—designer communication and design efficiency, as
insufficient management results in additional production time caused by revisions and extra

meetings.

The reasons behind this miscommunication are both technical and social. On the
technical side, they come from "semantic and syntactic mismatches" in defining the same
concept through highly professional language. On the social side, they come from differing
perspectives on the same project, especially when cultural and language differences are
involved (Norouzi et al., 2014), and also from "differences in technical knowledge and
language” (Bagasi et al., 2025). In a survey conducted with 599 participants worldwide,
including contractors, more than 14 hours per week were reported to be lost due to
communication-related issues. Among these, 4.7 hours are spent solving problems and 3.9
hours are spent redoing or correcting projects after these sessions. When asked about the
causes of poor communication, 30.9% of participants pointed to unanswered questions, and
23.5% to ineffective collaboration among stakeholders (FMI & Autodesk, 2018). In the pre-
design phase, both better communication and manufacturing efficiency depend on

understanding client requirements correctly (Mertens, Hamarat, & Elsen, 2022).

2.1.2 Communication with Client

Architecturally, lighting design involves both written and visual content throughout the
workflow, making it directly connected to visual communication. Returning to the origins of
communication, after the invention of writing, people began using graphical representations,
referred to as visual communication, to preserve important information and transmit it to

others and future generations (Meggs et al., 2025; McDonnell et al., 2014).

McDonnell (2014) conducted a detailed study on the differences between clients and
architects in understanding space. Briefly, the study shows that clients are capable of
describing a space when physically present within it; however, they struggle to relate

themselves as users when interpreting plans, sections, and other technical drawings, as
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different methods of perception are involved in spatial understanding. These forms of
communication through technical expertise, referred to as “abstract representations” are
often perceived as puzzling by clients due to unfamiliarity. On the other hand, designers also
face difficulties in understanding what clients have in mind, as clients may not clearly
express their preferences. Later in the project, this knowledge gap may lead to
misunderstandings regarding key aspects of the design and result in unfulfilled expectations
from both sides (Chuang et al., 2021). This clearly supports the argument presented in
Section 2.1.1 regarding communication problems between the client and the designer during
the production process. As a solution, a shared language, frequent feedback, and clear visual
communication can help remove barriers to understanding while building trust and openness
between both parties. Additionally, the techniques used for visual submissions are crucial in

making the process easy to understand, straightforward, and fundamental (Shen, 2011).

With the rise of artificial intelligence, new questions have emerged regarding the
delivery of visual representations. Hussain et al. (2025) state that these mediums remove
limitations on the designer’s capabilities, creating endless possibilities unlike traditional
methods such as photography, which are restricted by the camera obscura. In contrast to this
freedom, however, the authorship of design work becomes increasingly ambiguous. The

result of this transformation is described by them as follows:

“The artist becomes less of a craftsman and more of
a curator, a prompt engineer, or an editor.”

Consequently, concerns emerge regarding artworks produced without emotions and
therefore perceived as lacking meaning. Because of this, Kaplan et al. (2019) suggest that
new learning methods should focus on human abilities that Al cannot replace, such as
conceptual, emotional, and ethical thinking in order to maintain trust and human connection

between the client and the designer.
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2.1.3 Current Technological Tools and Generative Artificial Intelligence

This section draws on a combination of academic literature, technical documentation
from Al tool developers, original definitions from the websites, and primary insights from
interviews conducted as part of this study; the full methodology for the surveys and

interviews referenced throughout is presented in Chapter 3.

The architectural industry uses two languages to convey project intentions: non-
verbal communication (such as hand drawings) and verbal communication (including client
demands and architectural language). To implement Al into the workflow, both mediums
should be analysed separately, although there are multiple ways to explore this subject.
Zhang (2022) proposes integrating Al with BIM to help clients understand projects through
highly detailed visualisations, presenting this as the future of design. Such automation
enables real-time revisions, improving communication between designers and clients,
particularly for design intentions that are difficult to convey verbally or through two-
dimensional plans (Bagasi, Nawari, & Alsaffar, 2025). However, the adoption pace remains
slow within the industry, as Paul Simmons, Commercial Director of Lumenloop, observes:
"the whole AEC industry, on the programming side, is not very fast to adapt to this new

technology, and mostly remains budget-minded" (personal communication, 7 April 2026).

On the other hand, designers appear more willing to implement these new
approaches. The most commonly used LLMs in daily practice for supporting preparation
processes are ChatGPT (OpenAl, 2023) and Gemini (Google DeepMind, 2024), often used
interchangeably (Survey 2,3,4). As one professional designer noted: "Gemini (Nano
Banana) for creating visuals, ChatGPT for anything you can imagine verbally." (Survey 4).
Other visualisation tools in widespread practical use include DALL-E (OpenAl, 2023),
Midjourney (2024), Leonardo Interactive (2022), and Adobe Firefly (Adobe, 2023). Within
the architectural field, research has also explored Stable Diffusion (CompVis, 2023) for
visualising architectural elements by transforming sketches and technical drawings into

high-quality visualisations (Shi et al., 2024; Yang et al., 2025).
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Considering tools specifically developed for lighting design, Dusk Al (2024) has
been trained for conceptual design phase visualisation using Gemini and developed with
Google Al Studio (Google, 2023). It is an Al-driven lighting visualisation application
designed to transform daylight photographs into illuminated night-time scenarios, allowing
lighting designers to generate conceptual images, mood boards, and preliminary design
discussions (Green, 2026). Similarly, another Al-assisted platform, Archlior (2024), was
founded based on the belief that the lighting industry is "highly broken with inconsistent
presentation of work by designers and brands" (V. OZzbolt, personal communication, 16
April 2026). It is a lighting-focused website, powered by an Al Studio that allows architects
to search completed lighting projects by specifying project needs. It also enables the
visualisation of lighting scenarios on uploaded images or template scenes using existing

lighting fixtures available on the market, as described.

More recently, another Al-powered tool has emerged for the lighting industry: Loopy
(Lumenloop, 2024). Unlike the previously mentioned visualisation-focused tools, it
functions as an Al chatbot for luminaire selection motivated by the desire to relieve "the
specification pain" experienced by both designers and manufacturers during technical
communication (P. Simmons, personal communication, 7 April 2026). The chatbot was
developed using a third-party Al system combining Claude (Anthropic, 2024) and Gemini
models to answer designers' questions regarding technical product details such as size,
luminous flux, colour temperature (CCT) without requiring direct communication with a

sales representative.

Among other commercially recognised architectural tools, ArchiVinci (2024) is
specifically developed for architectural visualisations and rendering, aiming to preserve the
original lines, proportions, and architectural coherence of uploaded images throughout the
generation process as described in the original website. Seedream (ByteDance, 2024) is
another multimodal generative platform that includes text-to-image generation, as well as

single- and multi-image editing with semantic consistency (ByteDance Seed, 2025).

10
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Apart from visualisation, other tasks within the workflow require more analytical
thinking and repetitive data entry, such as Specification Sheet (SPEC) preparation and Bill
of Quantities (BOQ). For such tasks, GPTs are capable of handling various operations
including text generation, analysis, categorisation, and responsive interaction (Onatayo,
2024). LLMs can therefore assist in reducing the time required for analysing or transferring
data using tools such as ChatGPT and Gemini. In addition, these "general-purpose models"
have a higher likelihood of misunderstanding the core purpose of a problem, whereas Claude
(Anthropic, 2024) analyses problems more contextually before generating responses, as
demonstrated in comparisons involving mathematical problem-solving methods (Jiang,

2025).

2.2 Collaboration with Concepto Office, France

Since Al is still a relatively new concept within the lighting design field, there was a need to
establish a case study group to better understand industry habits and perspectives regarding

the use of Al, definitions of efficiency, and preferred methods of visual communication.

Concepto is an architectural lighting design firm based in France, currently located in
Arcueil, Paris. Founded more than 30 years ago by lighting designer Roger Narboni and now
managed by Sara Castagné, the firm primarily focuses on outdoor lighting design while also
working on interior and creative projects worldwide. Completed projects include Notre-
Dame Cathedral, the Olympic Village, and the Petit Palais. In addition, the firm has received
several awards, including City People Light, LIT, and IALD awards. There are eight lighting
designers working within the company, coming from diverse professional backgrounds such
as landscape design, interior design, architecture, and multidisciplinary arts. They
collaborate on projects together, creating a multidisciplinary working environment in which

each background contributes a different perspective (Concepto Studio, 2023)

Concepto was used as a user group to conduct the initial surveys. Such surveys were

11
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designed in two phases: general questions and Al-related questions, followed by feedback
sessions conducted during office general meetings as categories of questions are explained
in detail in Figure 2. Subsequently, the research tests were also carried out with the same

lighting designers alongside external participants that will be explained in Chapter 5.

Concepto - Survey 1

Experience
Client

How many years of experience do you have as a lighting designer?

Who are you working with as a client in your current projects?

What do you to deliver in your project submission? (Scale from “Always” to “Never”)
Which type of medium do you think is the best to communicate with the client?

If you had a chance to fasten your submission process, which part would it be?

Project Submission

Communcation

Efficiency

Concepto - Survey 2

Experience
General Attitude

How many years of experience do you have as a lighting designer?

Do you think Al is gonna be an assistant for us in the future, or are you afraid of it?

If one of the teams tells you that the project was made by Al, what would be your reaction?
If you could add Al features in one of the software that you use, which one would it be?

Trust
Effici

.
.
.
.

&c —

Yy

Figure 2. The categories and questions for Survey 1 and Survey 2.

2.2.1 Concepto Surveys: Understanding the Workflow and Al
Approach

The survey (Survey 1) began with general questions related to the three criteria explained
earlier in this chapter. The questions were prepared in a tabular format, and the six
participants represented different levels of professional lighting design experience. Based on
the results of the first survey, designers indicated that they usually work with designers and
governmental clients (66%), then architects and engineers (50%), and less likely clients from
outside of construction industry and others (33%). Submitted materials to those clients are
generally or always presentations (InDesign/PowerPoint), plans (AutoCAD/Revit),
calculations (DIALux/Relux), and section graphics, whereas 3D visualizations largely

depend on the project scope or available budget (see Fig. 3).

12

26.05.2025



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

Project Submission 3) What type of media do you use to submit your projects?

EEAlthe tine W Generaly 1 the budget EDepands on the size of the project I

techaical drawing. 30 visuskzations (rendering)

Figure 3. The results of Survey 1, Question 3 “What type of media do you use to submit your
projects?” Left to right: Presentations, Plan, Calculation, Light chart, Technical specifications, Bill of
Quantities, Technical section drawings, Sectional drawing, Detailed technical drawing, 3D visualization
(rendering). Blue: All the time, Red: Generally, Yellow: Depends on the budget, Green: Depends on the project,
Purple; Never (Original responses were in French and translated using Google Translate same applies to all Survey 1,2)

In contrast, when asked whether clients fully understand the project, the average
ranking was 2.83/5, with more than half of the participants selecting “3/5” (1 = Not
understood, 5 = Totally understood). On the other hand, designers identified 3D renderings
and technical plans/sections as the most effective communication mediums with clients (see
Fig. 4). Based on these findings, although 3D visualizations are considered the clearest
communication method, they are not part of the standard delivery package unless

specifically included in the project budget or brief.

When it is asked to define efficiency, there were several responses, however, it was

Communication 4) What type of medium do you think is best suited for communicating with the

client? ( to help them understand the project)
6 responses

Technical drawings (section plans)

3(50%)

Balculs and false color maps... [0 (0%)

Light map 2(33.3%)

Rendered 2D views 2(33.3%)

3D rendering

3 (50%)
Hand drawings 1(16.7%

)
1(16.7%)
)
)

Reference images
Light map
Rendered 2D views...

1(16.7%
1(16.7%,
1(16.7%)
0 1 2 3

3D renderings

Figure 4. The results of Concepto Survey 1, Question 4 “What type of medium do you think is the best
suited for communicating with the client? (to help them understand the project)”

summarized in four factors: the ability to produce graphic documents (plans, sections)

quickly, reducing the number of revisions, giving the energy where it is most needed, and
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understanding of the project clearly. However, one indicated that "it's not necessary to know
a project in depth, but rather to acquire the elements and information relevant to us". Also,
coordination meetings with other disciplines found useful but often discuss topics outside
the lighting scope, so it is designer’s responsibility to analyze what is needed. Similarly, the
revisions described as "time-consuming." Another respondent put it more directly: "I'm
efficient when I am not asked to make changes or updates to the lighting project or
implementation plan." Among all responses, efficiency is therefore framed less as speed of
production and more as the absence of unnecessary revisions. Basically, the definition of

efficiency is mostly relies on communication with the client.

Therefore, the following question aimed to identify which programs or tasks
consumed the most time in their daily workflows and which programs they would prefer to
accelerate both technically and visually (See Table 1). More than half selected DIALux
calculations for the technical category and Photoshop visualizations (2D) for the graphical
category. Comparing these responses, none of the answers directly referred to visual
communication. Instead, participants mainly emphasized tasks involving repetitive technical
data entry across multiple software platforms. The primary issue was not the programs

themselves, but repetitive data management.

Which program, would you speed up?
Technical Graphical
Dialux Calculation (x4) Photoshop (x4)
Fixture Selection (x1) Plan/Sections (x2)
AutoCAD plan (x1) Presentations (x1)

Table 1: The results of Concepto Survey 1, Question 8,9 “If you had the power to speed up any part
of a technical(Q8) and graphical (Q9) program you use with a magic wand, which part of which program
would you choose?”

Survey 2 focused on Al integration within the workflow, with five participants
contributing. The key findings were directly related to efficiency and communication. When
asked which Al features they would like to add to existing software to improve efficiency,

the following responses were given:

14

26.05.2025



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

e Information transfer in between all the programs (x2): (Adobe, Autodesk, DIALux,
Excel, quantity of lighting fixtures, wattage, names of photometric)

o Selection of light fixtures (x2)

e Planning of light fixtures (x2)

e The modeling, 3D, or photorealism tools.(x1)

When the same question was reframed from a communication perspective,
participants gave different responses:

e Presentation: InDesign, Microsoft PowerPoint (+photo generation)
e Modeling, 3D, or photorealism tools.
o Dialux, for for more visually appealing renderings.

Based on these findings, participants expressed a desire to integrate Al primarily into
visual presentation methods to strengthen communication with clients, rather than technical
representations. Because existing software negatively affected production efficiency, the
responses more related to mediums and their internal operations rather than particularly
tasks itself. Unlike the previous survey, this section also introduced questions regarding
trust. Participants were asked whether Al-assisted methods should be disclosed to others
involved in the process or hidden due to concerns regarding professionalism. Responses
revealed two opposing perspectives: more than half preferred not to inform clients due to
concerns about appearing unprofessional or lacking expertise, while others argued that
disclosure would not reduce the value of the design because originality and creativity still
belong to the designer. This controversial topic is further investigated in the following

Subsection 2.2.3 to compare international perspectives.

2.2.2 Concepto Presentation of Generative Artificial Intelligence Tools

Based on the survey findings, frictions within the workflow were identified. In Fig. 5, it
summarizes which tasks or programs should be accelerated through Al support under each
category. It demonstrates that assistance or acceleration was desired in most stages of the
workflow, whereas no participant expressed a need for Al support during idea generation.
Consequently, the presentation aiming to replace tasks and programs with existing Gen-Al

tools prepared for the schematic design phase was structured around this finding.
15
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For each step of the workflow, at least one website or tool was presented to the
Concepto office for feedback prior to framework creation process. At this stage, the
programs were not personally tested; rather, the phase functioned as a preliminary
investigation into the possibilities available within the Gen-Al market. Since many sources
were later found unnecessary, they are not discussed in detail in this research. However,
Loopy, DuskAl and Archlior, as introduced in Subsection 2.1.3, found useful. All will be

tested later in the thesis in Section 4.1 to create the first component of the framework.

Stage 02 | Concept + Schematic Design

Which type of media do you use to submit your projects? Which type of media is it best to communicate with the client?
(Always / In General) (only answers with more than 33%)

+ Presentation ()« 3D renderings (75%) (Depends on the budget)

« Plan ()« Technical drawings (Plan-Section) (50%) (Always)

« Specifications "vtl « Light plan map (50%) (Depends on the budget)

« Budget List o0 . 2D Renderings (33%) (Generally)

¢+ Caleulations

+ Section Night Graphic

(D Efficiencys genAl (D) C tions genAl? () Programs/Task

Figure 5. The results are merged to understand production efficiency patterns across tasks.

Following the presentation, designers at the office were asked whether the presented
tools would be helpful for integrating Al into their workflows. The tools were considered

highly useful in various ways, as shown in Figure 6.

Good for quick proposals
125%

Saves time:
3D renderings, task
executions, choosing
materials
50%

Instructions for Use

» 25%

Yes, it is useful Understanding market
100% trends and how the
company can adapt to
them
125%

Figure 6. Pie charts reflecting the usefulness of the presentation.
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2.3 Comparison of Findings: Four Surveys and Two Interviews

Following the Concepto surveys, additional surveys and interviews were conducted
to increase the reliability of the findings, as the original office surveys involved only six and
five participants consecutively. Six participants completed the professional survey, three
from Denmark and three from Tiirkiye. Based on these findings, the friction map was
finalized to better understand workflow needs, as illustrated in Figure 7. The results
supported the conclusions of the Concepto surveys by revealing friction throughout nearly
every stage of the workflow except idea generation. This reinforces the idea that concept
generation is perceived as the phase where designers feel most creative and where
originality emerges. Even if Al eventually supports all types of tasks, original creative

thinking remains personal.

CONCEPT GENERATION ACCELERATING DIALUX W/ GEN Al REPLACING PHOTOSHOP W/ GEN Al
¢ Architectural Renders & ‘
* Google Street Vie Gen-Al Output = » Specification
< ‘ o Fixture Selection 7 * Quantity List - Cost Estimate

+
'—) Plcnmlng (m2, in between, lux etc)

Conceptual Design: « Night Plan

Based on designer’s concept
* Specifying design idea, CALCULATION
o Requirements
* Standards
* Inspirational photos

» Night Section

\ 4

Dialux Output * 3D visuals

Figure 7: Friction map depicts possible ways of accelerating the workflow with GenAl.

In addition to the professional survey, another survey was distributed to master’s
students in lighting design. In total, 18 students participated: four studying at Wismar
University, four at KTH Royal Institute of Technology, and the remaining participants from
Aalborg University. The results showed that all students except one used ChatGPT in their
projects for different tasks. In addition, six participants used Gemini alongside tools such as
Perplexity, Leonardo Interactive, Claude, StudioAl, Napkin AIl, and Microsoft Copilot.
Compared to students, professionals primarily reported using ChatGPT and Gemini, while

some also mentioned Adobe Firefly and Midjourney.
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Master’s students demonstrated a range of opinions toward the reliability of Al-

supported projects (see Fig. 8). Although the majority selected “Depends on...,” most

2

responses still leaned toward “Yes,” raising further questions regarding professionalism

even within educational environments. Nevertheless, 22.2% of participants believed Al use

would not reduce the value of a project.

(EN) Al - Trust 4) If someone you work/study with told you that this project was done with the help

of Al, would that change the value of this project for you?
18 responses

® Yes

® No
Depending on how itwas used. Ifit's
used as a tool, assistantno. Ifit's used...

@ Depends on which aspects Al has bee..

@ Itdepends
@ Depends on how he uses it, definitely n
@® depends on whatwas Al used for | if its

® Itdepends if they can argue for the why.
@ Itdepends on how much of Alis used a

Figure 8: Student Survey answers for Question 4 “If someone you work/study with told
you that this project was done with the help of Al, would that change the value of this project?

When asked whether lighting design keeps up with current technologies, seven
participants responded positively and one remained neutral; however, the comments
revealed a more nuanced perspective. Several respondents pointed to limitations of existing
tools. One participant observed that “we are still behind in many ways, starting with
DIALux,” describing the program as “so rigid to use” while another noted that “/ighting
simulation software often does not accurately represent light.” Others framed the issue as
one of accessibility rather than availability, explaining that “the technologies are out there,
but knowledge about what Al tools can actually do is not easily accessible. You learn either
by accident or through word of mouth.” The same participant suggested that AI’s advantages
“should be advertised more within the lighting industry.” A more critical view described the
field as resistant to change: “the industry is too closed to innovation. We need new
programs” while another participant argued that “the lighting design industry generally

keeps up with the latest technologies. However, not every company or project adapts at the
18
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same pace.” Overall, the responses suggest that technological adoption in lighting design is
not limited by the availability of tools, but by professional culture, software limitations, and

accessibility to knowledge.

Regarding fear of AIl, Figure 9 illustrates the perspectives of office designers,
professionals, and students on a scale from 1 (Fear) to 5 (Admiration). Among 29
participants, none selected 1. While the Concepto office remained more neutral, students and

professionals mostly selected scale 4, with 13 participants aligning with this category.

(EN) General 3) Do you think Al will be our assistant in the future, or are you worried it will steal your
job?

6 responses

1(18.7%)
5

Professional Survey, Question 3

Student Survey, Question 6

4 (80%)

0(0%) 0(0%)

i n

4

Concepto Survey 2, Question 2

Figure 9. Comparison of approaches towards Al from the perspective of professionals, students
and Concepto office (from up to bottom).

While Umut Deniz Kobal (2026) described concept generation and brainstorming as
the most time consuming tasks before technical detailing, Pernille Bech-Larsen expressed
the opposite view. For her, efficiency should not simply mean finishing projects quickly, as
this would imply work that is “fast, easy, cheap” and therefore lower in quality. She also
preferred sketches and photo shopping over correcting Al-generated images, which she

considered visually “fake.” Similarly, V.N. at the office noted that slower and deeper
19
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analysis of projects often leads to better lighting solutions than rapidly generated outputs.

Compared with other participants, Kobal was the first to mention using Gemini for
academic research and site analysis to generate conceptual ideas while reducing research
time. This highlights differences in priorities between students and professionals. Students
are primarily evaluated based on creativity, whereas professionals balance both technical
and creative responsibilities. Bech-Larsen further emphasized that although she does not
perceive Al as a threat, she believes it may eventually replace many junior positions because
repetitive tasks can easily be automated. However, junior designers still require trial and
error experience to develop professionally. In contrast, students expressed the least concern

related to Al integration, with an average admiration score of 4.2/5.

Considering trust at the professional level, despite the controversial nature of the
subject, Bech-Larsen argued that Al-generated images should always include disclosure
explaining how they were created, potentially even including the prompt itself. In this
context, Midjourney was mentioned for the first time as a tool for generating inspirational
images. However, V.N. also pointed out that many Al-generated images fail to produce
accurate light and shadow effects, which may reduce client trust when visualizations differ
significantly from reality. This concern reflects the earlier preference for keeping
conceptual-phase visualizations intentionally simple. Additionally, Bech-Larsen described
feeling disappointed when receiving Al-assisted work from collaborating teams, as it raised

concerns regarding the seriousness of their design approach.

Category Concepto Professionals Bech-Larsen

. . Presentations, Sketches, references
3D visualization,

Communication calculations, mailing to leave to
Photoshop . L
management imagination
Less revisions, less Sending quick e-mails Less coordination
Efficiency meetings, automated | to the client, slow meetings, parametric
design Dialux design for lighting

Using Dialux as an

Photoshop and Dialux inoUT o aenerate Moodboard/reference
Artificial Intelligence intfegration, 3D visual np 'g L image creation:
- images: Gemini, Nano .
generation Midjourney

Banana

Table 2. Comparing Concepto, Professionals and Bech-Larsen comments
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Table 2 summarizes the definitions of each criterion from the perspectives of three
professional groups. For communication, all participants agreed that visually, it should be
strengthened to better transmit ideas while remaining less detailed during the early design
phase. Although efficiency is commonly associated with speed, lighting designers instead
described it as reclaiming time for more meaningful creative work by reducing meetings,
emails, and repetitive transfers of information between programs. In general, participants did
not approach Al from a perspective of fear; rather, they expressed willingness to integrate it
into workflows, particularly for producing refined 2D and 3D visualizations coordinated

with DIALux outputs.

2.4 Conclusion and Research Question
Based on the findings, the criteria were summarized as illustrated in Figure 10 with research

question of the thesis.

HUMANITIES/ART NATURAL SCIENCE

. Visual * Understanding project

representations needs
P . e Fewer revision, fewer
* Basic drawings il

SOCIAL SCIENCE
* Integration into worklow

Figure 10. Definitions of each criteria as a primary guideline of the project.

RQ: “How does the integration of generative Al tools into the conceptual phase of
architectural lighting design affect production efficiency and the quality of designer and

client communication?
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Such findings can be summarized as the communication is based on conveying basic
and clear language but primary aim of efficiency is to return time spent on unnecessary tasks
and meetings to lighting designers so they can focus on creative skills. As expressed by one
participant: “I want to make InDesign faster to focus on my lighting skills, not graphic
design.”(Concepto Survey 02 — Question 7). This supports Kaplan’s (2019) argument that
creativity 1s a uniquely human trait that cannot be replicated by Al, a perspective also

reinforced by Bech-Larsen (2026):

“It becomes more and more important to be creative and also to have a distinct style
and voice because it will be easier and easier to get fast, quick, and cheap. I think it
becomes very important to have a strong signature and a strong creative mind and also to

interact with current research and to get more and more knowledge.”

3. Methods

3.1 Research Guideline

This research aims to create a framework for lighting designers, with the goal of improving
their efficiency and communication with the client during the conceptual design phase with

the help of GenAl. The relation with each criterion and its guidance is explained:

e Conceptual Efficiency: The goal is to create a “Map” to reduce the time spent
searching for possible GenAl programs and to find accessible options that can be
integrated into the pipeline. This investigates each disruption in the workflow and
aims to replace and/or assist the activities while reducing the number of programs

needed for routinely repeated actions.

e GenAl: By integrating GenAl into the workflow, the objective is to support the other

two criteria. For the visualisation part of the Map, writing a prompt is a subjective
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process. To save time and define the conceptual design with clear verbal descriptions,

there should be a set order and a taxonomy for the words used.

e Communication: Due to the abstract nature of the subject, there is a need for a
guideline that ensures communication is checked throughout, rather than focusing

only on project preparation.

To follow this research guideline, a chart of the methodological approach was used

throughout the research.

3.2Research Methodology

This methodology (see Fig.11) follows a mixed approach in order to understand the roots of
the research question through both qualitative and quantitative methods, following a
sequential exploratory mixed-methods design. It starts with a literature review, analysis, tool
analysis, test, and evaluation, before concluding with the GenAl-Integrated Conceptual

Framework.

The analysis part represents the four surveys and interviews consists of Concepto
Survey 1 (Workflow) and Survey 2 (use of Al), internationally conducted Professional Survey
and Student Survey. Interviews were conducted with: a senior lighting designer, Pernille
Bech-Larsen, working at SLA, Copenhagen (personal communication, 8 April 2026); a
Bachelor's student, Umut Deniz Kobal, taking a lighting design course as part of the Interior
Architecture and Environmental Design programme at Bilkent University (personal
communication, 1 March 2026); and three technology company representatives: Paul
Simmons, Commercial Director at Lumenloop, an Al chatbot for luminaire specification
(personal communication, 7 April 2026), and Valentina Ozbolt and Ali Alsamawi, co-
founders of Archlior, an Al-assisted lighting search and visualization platform (personal
communication, 16 April 2026). In addition, ongoing correspondence was maintained with

Daniel Green, founder of Dusk Al Beta, via LinkedIn (personal communication, April -May
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2026), providing external insights into the Al lighting industry alongside trial access to the

program.

During the Component 1 tool analysis, the conclusions of the qualitative part are tested

to find suitable replacements with GenAl within the workflow. After this, the gap of prompt

writing used to design Component 1 and 2, and such are tested by 10 lighting designers from

all experience levels. This test is evaluated by three evaluators: the client, an internal expert,

and an external expert, in order to achieve a tested framework proposal for the pipeline.

By combining all these methods and data sources, the research aims to provide solid

foundations, while following a comparative analysis. The test methodology will be explained

in detail in the test methodology, Section 5.2.

Research Question

l

Literature Review
Workflow : Lighting Design
Client Communication

Efficiency
Al in Lighting Design / Architecture

l

Friction Map

l

Defining Criterias and
Research Guideline

l

Searching for GenAl Tools

l

Design:
3 Phase Guideline

Component 1
Al-Integrated Workflow
“Map”

Component 2
* Pormpt Formula
« Vocabulary Taxonomy

Component 3
Communication Principles

— Survey 1 &2 / Concepto
|

— Survey / Master Students
I

— Survey/Professionals
I

— Interviews

|

Testing Framework

Client Brief about Church facade
Condition 1 (traditional to Al-
assisted) and Condition 2 (Al-
assisted to traditional) methods
Evaluation (Self-External)

* Survey 1: Wo y/Communication
e AD

rtheloveoflight. DK
a jects, DK

« Pemille Bech-Larsen, SLA. DK
. Pa mons. Lum UK
« Valentina Ozbolt and S
* Umut Deniz Kobal.

: A Structured Framework for
FrF;::\sgrk i Lighting Designers

Figure 11. Research methodology explained in a structural chart.
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Based on the results of the Chapter 2, there is a need for structural framework, which will be
created under three component: Workflow Map, Prompt Taxonomy, and Communication
Guidelines. All three aims to meet the three criteria while guiding the lighting designers about

how to integrate Gen-Al into their workflow.

4.1 Component 1: Workflow Map

To test selected tools for each category (minimum 2) after the Concepto presentation and

general research, the comparison was necessary before suggesting them in the framework.

4.1.1 Methodology

To build the Workflow Map, GenAl tools were analysed task by task using comparative
evaluation, as suggested by Zhang & Zhang (2025), in addition to comparative analysis and
evaluation while professionalism and accuracy as the main criteria for each. A real study case
of Concepto was used to test the requirements and success criteria. However, it does not
reflect the actual work of the office or client requirements of the project. Additionally, the
photo used during the analysis is an online source (see Fig. 12), and will be called
"Aubervilliers Church" for the rest of the research paper, although the original name differs:

Eglise Notre-Dame-des-Vertus d'Aubervilliers.

Figure 12 The fagade of Eglise Notre-Dame-des-Vertus, Aubervilliers. Source: Tourisme 93 (n.d.).

As a protocol, all steps were analysed consecutively between April and May 2026.

The tools were chosen based on the survey results and academic studies explained in the
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previous chapters. Additionally, accessibility (free trial/version), popularity of use, and being

specifically useful for lighting design were the criteria used to select these programs. For the

scoring protocol, a 1-5 Likert scale was used for each criterion, with the following steps:

1. Project requirements (background knowledge)
2. Prompt created with Claude and ChatGPT

3.
4

Same prompt tested on different free-trial programs

Evaluation

It should be noted that project requirements are not specified in detail, as the focus is

the comparative performance of the Al tools rather than the solution of a specific problem. It

1s decided for each tasks only to prepare a controlled and equivalent starting point. Also, the

detailed versions of the unpaid programs used during this analysis are listed below:

Claude Opus 4.6

ChatGPT GPT-5.5 - Create Image (DALL-E based system)

DuskAI BETA 1.1: manual prompt settings

Gemini - Create Image - Pro: Extensive Thinking and Nano Banana 2.0
ArchiVinci 4.0

Archlior

SeedDream 4.5

4.1.2 Visual Generation (Dall’'E, Dusk AI, Nano Banana, ArchiVinci, Archlior,

Seedream)

Starting from left to right (See Fig. 13), described prompts were given to programs as in the

same day with the same/ shortened prompts written by GenAls.

Dall-E Dusk Beta Nano Banana 2.0 ArchiVinci Archlior Seeddream 4.5

Figure 13. Comparison of visual generation results of six different Al tools.
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The prompt was written then refined by Claude (see Appendix E.1 for original, E.2 for
refined) and afterwards edited by ChatGPT as a final version to be put into the programs for
analysis (see Appendix E.3). As there are character limits for the prompt, ChatGPT was asked
to shorten the prompt for Leonardo Al (Seedream), Archlior, and ArchiVinci. However, the
differences between the Gemini visualisation tool (Nano Banana 2.0) and DuskAI Beta results
can be seen, showing how the output changes with training the model. The evaluation is
explained in Figure 14, as the best ones are Dusk Beta (5/5) then Dall-E (4/5) and Nano

Banana (4/5) for the lighting visualisations.

DALL-E DUSK BETA NANO BANANA ARCHIVINCI ARCHLIOR SEEDDREAM
4 5 4 2 3 1
(-) Transition is (-) Texture on top | (-) Added extra (-) Added extra (-) Added (~) Looks like
not clear of the surface shadow for people, | uplight applique, stage lighting
Aeeiroey (+) Good can be improved not correct (+) Althought it is transition can
contrast, texture | (+) The best (+) With the given sky | not the design be improved
fransition situation, lighting, intention, the light | (+) Good for

transition is okay, effects are good general lighting
texture is good

Figure 14. The evaluation out of 5 for each visualization tool based on Figure 13.

4.1.3 Luminaire Comparison (Claude & ChatGPT)

Searching for the best way to extract data from manufacturers' websites is another concern
that lighting designers want to solve, as explained in Chapter 2. The challenge was to choose
the most suitable program to address the problem in the fastest way. Based on the analysis,
this comparison includes two large language models (LLMs): ChatGPT, the most widely
accessed one, and Claude, suggested for creative projects (Kane, 2026). However, Loopy- the
chatbot of Lumenloop, specifically for lighting industry, was initially tested during the
Concepto presentation with a private link. However, for this analysis, it was out of the criteria

described in Subsection 4.1.1. For this reason, the two LLMs were more suitable to compare.

The initial idea was to compare five luminaires for the project; however, ChatGPT did

not allow five PDFs to be attached. Therefore, the number was reduced to three and the
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analysis was repeated (see Table 3) with LIGMAN LADOR 4 (LD-50032), Martin Exterior

Wash Pro S Quad, and ERCO Beamer Projector PDFs found on the manufacturers' original
websites (See Appendix F1, F2, F3).

Prompt: “compare these three specification sheets and give me the comparison table
while concluding which one is the best for architectural facade lighting”

Both compared the luminaires by considering different criteria as shown in Table 3:

LLMs ChatGPT Claude

1 Facade Readability Output

2 Beam Control vs Coverage Color control

3 Lighting Hierarchy Capability Environmental robustness: IP, IK C5
4 Output vs Efficiency DMX/RDM

5 Outdoor Durability & System Integration Beam discipline + 5-year warranty

Table 3 Summarized headings of of ChatGPT and Claude for luminaire comparison.

Both concluded with the same product (Martin), while suggesting when to choose the others

(see Appendix E4, ES for the original responses). Additionally, both had no mistakes when

scanning the PDFs and did not add any extra information. However, Claude was more

logistically realistic because it also checked availability within Europe and warned about

possible issues during the construction (See Fig. 15 and Appendix ES). Apparently, Claude is

a better tool when it comes to analytical comparisons and reasoning the data given.

Lighting Type
Power

Luminous Flux
Efficacy

Beam Angle

Beam Control Quality
Uniform Fagade Wash
Accent Capability
Color System

Color Consistency
cRI

Dimming / Control

1P Rating

Weight

Lifetime

Best Application Role

LIGMAN LADOR 4 (LD'50032] ‘«'vm;"mmn-v.w.r. Pros
Qua

Wall washer (dedicated fagade
tuminaire)

Floodlight / projector
28w sW aw

14311m #1800 m (10 1 1181m

Highly flexible (8°-54°)

Claude
Spacificatio Extorior WashProS  LIGMAN LADOR 4 [LD-50032
W-40-DMX-01)

Light source

Total pawer

Luminous flux (full white) 1138

Eficacy

Native beam angle

High (L i Very high

¥ Excellent X Not suitable
Moderate ¥ Excellent
RGBW + CCT (1000-12500K)  RGBW

1'step MacAdam (very high)  3SDCM

DMK DMX + ROM (advanced control) Casambi / CCR
1P66 (high durability) Pes

30k aakg 656kg
100,000 h 90>50,000h

Accent lighting Primary fagade lumination  Accent / focal lighting

Figure 15. The responses of ChatGPT (left) and Claude (right) for luminaire comparison.

CS-High (150 12044-6)

-30°Cto 448 C
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4.1.4 Specification Sheet and Bill of Quantity Generation (Claude & ChatGPT)

Considering the same approach used during the luminaire comparison, for specification sheet
(SPEC) and bill of quantity (BOQ), also, Claude and ChatGPT were choosen. A prompt was
produced by Claude based on instructions given and on the data that needed to be tested on
the selected luminaire. It was created specifically to be put into the “instructions” section of
Claude, so that the same code could be used automatically for the next projects, saving time
rather than copying the prompt from scratch every time. One by one, the technical details
needed are specified, and Claude produced the polished version of the prompt to copy and
paste into both programs for analysis (see Appendix E.6). As shown in Figure 16, for the

results, the data processed is almost the same but in Claude version, for both output, there are

ChatGPT

BILL OF QUANTITIES — LIGHTING
20260514
tom No a nit i otal

SUBTOTAL| €000
VAT20% €000

GRANDTOTAL  €0,00

TOTAL INSTALLED POWER (W) 35W.

ChatGPT Claude

FHNARE SPECICATION SHEET o
artin

Martin — Exterior Wash Pro S Quad

Figure 16. Bill of Quantities (up) and Specification Sheet (down) comparison for ChatGPT and Claude
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extra details that are important not to miss added under “Notes” or in “Model/ Description” so
that the designer and client can remember which luminaire is being referred to. Similarly,
Claude analyzed the photo in the PDF better to position in the sheet, then it does not require

additional work to fix it.
4.1.5 Findings

During this analysis, the intention was to use freely available sources in the daily
workflow routine while preparing the project, so several GenAl tools and LLMs were
compared. Based on the Friction Map introducted in Chapter 2, Dialux calculation is still
considered a "must", however, in this analysis, the focus was on repetitive tasks and
visusalizations. In terms of data analysis and automation, Claude is suggested and for
visualisation methods, there are different alternatives, and the results differ depending on the
intention. In this specific analysis, DuskAl was the one generating an image closest to the
design intention with the light transition effect from top to the bottom of the church.
Alternatively, other GenAl sources are still open to exploration, and it is important not to

forget that these programs are updated on a regular basis.

4.1.6 Workflow Map: GenAl Integrated Conceptual Design

The suggested assistance for the conceptual workflow are listed in Workflow Map, being the

first component of Al Integration Framework for lighting designers, as shown in Figure 17.

Visualization Fixture Selection (Inital) Specs & BOQ Presentation Calculations/Plan
Projects (Existing Building)  Luminaire Comparison Excel and PDF Reference Images Lux Calculators

* DuskAl « Claude « Claude « Archlior (Real Projects) « Claude

¢ Archlior * ChatGPT » ChatGPT » Midjourney o ChatGPT

* Nano Banana * Gemini « Gemini « DALL-E

¢ ArchiVinci * Lumenloop (Internal) « Adobe Firefly

« Dall-E

Meetings / E-mals - Phone Calls
¢ Claude
¢ ChatGPT

* Gemini

Figure 17 Component 1: Workflow Map
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4.2 Component 2: Formula

As the second component of the framework is the result of the first, during the Component 1
process, it was needed to ask Claude to refine the prompt all the time because of its subjective
nature. In this component, it is aimed to focus on how to write the prompt for the visualization
tools during the creative process by narrowing down the research. However, to understand the
patterns of the prompt, first it is needed to go back to the history and look up for the definition
of lighting.

4.2.1 How to Describe Lighting Design

Richard Kelly (1952), defines light as “watercolor rendering”, going from general to detail in
3 layers: ambient, accent and task. Additionally, it is the combination of physical features
such as reflectance, transparency, shading, material, light and shadow which are linked to
color, direction and source of light, illumination levels, and lightness (Kingdom, 2008). For
the conceptual design, Cuttle (2003) describes 6 concepts to define the intention of lighting
design as shown in the Table 4 taken by the book. Those are all the way of describing lighting
but enlightening different parts of it.

Table A3.1

Lighting concepts

Design criteria

Associated metrics

Ambient lllumination
(Section 2.1)

Visual Discrimination
(Section 2.2)

lllumination Hierarchy
(Section 2.3)

Flow of Light
(Section 2.4)

Sharpness
(Section 2.5)

Luminous Elements
(Section 2.6)

Overall brightness
lllumination colour appearance

Clarity of vision
Visual performance
Colourfulness

Emphasis, attention
Order, visual hierarchy
Coalour appearance difference

Strength and direction of flow
Shading patterns; form and
texture; coherence of flow

Highlight patterns, sparkle
Shadow patterns
Maximizing contrasts

Brightness, sparkle, liveliness
Glare avoidance
‘Something worth looking at’

Mean room surface exitance M,

Correlated colour temperature CCT

Task or object illuminance E,

Colour rendering index CR/ in conjunction

with E and CCT
llluminance ratios E,,/E,,
MK difference
Vector/scalar ratio IEVE,,
Vector direction

Flow of light ratio FoLR

Highlight ratio HLR
Source—object distance D

Table 4 Cuttle (2003)’s description of lighting design concept.
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4.2.2 Prompt Formula (Six-Category)

After understanding the definition of light, the next step is to put them as a prompt. But in

fact, this is a specialized field in its own right: prompt engineering.

Prompt engineering has a positive impact on creativity, even during the thinking
process, as the designer analyses their own intention in order to put it into words. In the
research conducted by Lee et al. (2025), design students were asked to use GenAl tools while
writing their own prompts using the categories of "viewpoint, lighting, context, image style".
Through this process, 180 out of 244 words were used to describe the form of the structure,
while the rest were used for the technique of visualisation. Satisfied students were the ones
using fewer but exact intentional words. It can be reached that having knowledge of how to
write a prompt is also part of work efficiency because it reduces the number of trials after a
mistake or an unintended result. Similarly, it has been found that having a pattern for the use

of prompts helps to decrease the cognitive burden for architectural designers (Jiang, 2026).

Lighting Setup Color temperature, light source and angle, brightness, light effect, light layers
Shadow and Light Shadow, material effect, light and shadow relation

Sky and Atmosphere Skylight, sunlight, horizon, contrast, color temperature

Context Human, building, structure, architectural details, geometry, urbanism
Photography Style Photography, lens, exposure

Table S. The table of Lee et al (2025) describing lighting design under categories of prompting

When the prompt that Claude designed for the visual generation analysis was
analysed, it was realized there some repetitive categories. The prompt formula was created by
finding such common points between both the traditional and the contemporary approach of

defining lighting, and it categorised under six main headings, described as "Prompt Formula":

1. Space 2. Light layers 3. Colour 4. Shadow 5. Atmosphere 6. Render style
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4.2.3 Formula Taxonomy

After generating Prompt Formula, there was a need to guide lighting designers about how to

use. A Workflow Map was designed to indicate which GenAl to use, and the Formula was

created to put it as a prompt to formalize the process. However, the formula instructions are

unclear and still unguided. For this reason, a formula explanation was created with words that

might be used under each category, as "Formula Taxonomy", by using the former analysis for

each category and personal additions based on her professional background in lighting design,

to design subcategories as shown in Table 6.

Vocabulary Taxonomy
Category Sub-category V¢
1 Space Building type re ge / private home /

N

w

Light Layers

Colour Temperature

Shadow

Atmosphere

Render Style

Material
Context
Ambient
Task

Accent
Decorative / Focal
Warm
Neutral

Cool
Softness
Transition
Directionality
Quality
Contrast

Sky / time
Depth
Photographic
Sketched
Line
Monochrome
Technical

Wash

/ gothic / romanesque / contemporary / institutional

ndstone / b sed concrete

street context / open ple
diffuse ambient / refle
focused task lig

directional

4000K / 5000K / daylight / cool white / clinical / blue-tinted / blue-white

shadows / soft

gradual falloff / penumbra p penumbra

top-lit / front-lit / side-lit

ance gradient / evenly lit

/ golden hour

architect

architectural line drawing / ink pen technica

black vhite rende ch

phic projection style / / axonometric d

architectural watercolour / ink wash rendering / hand-rendered watercolour

Table 6. Formula Taxonomy for Six-Category Formula.

4.3 Communication Guideline

1- Professionalism: The design idea should be properly prepared with the designer’s

unique style and signature, it should be recognized by the client as a designer work

specifically designed and prepared for a particular project.
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2- Conceptual Design: Designer should describe the lighting design with a specific
design intent to bring a unique design approach with the words that client can
understand the atmosphere.

3- Self-Explanatory Presentation: Submitted presentation should be clear and
communicative itself so that client can understand the idea and does not need
additional meetings to ask for the details.

4- Visuals and Verbal Description: The visualization and the written context should
reference the same design intention while supporting each other where one is not
enough.

5- Alignment and Acceptance: The design proposal should address all the key elements
in the client brief and it should be explicitly understandable and recognizable to the

client to accept the proposal.

4.4 Conclusion: Gen-Integrated Framework

This framework consists of three components, the creation process of which has been
explained in the previous chapters. It is aimed at meeting all three criteria through these
components to guide lighting designers through the design pipeline. The relation between
each criterion and component is explained in Figure 18. This framework will be used to assess

effectiveness and usefulness during Chapter 5.

A= In’regrofed efficiency + communication + genAl
« transferring the same knowledge between the programs
Workflow MGP + creating photorealistic images - easy to understand
 reducing the time spent on repetitive tasks
FRAMEWORK — 2-Prompf Formula efficiency + communication + genAl
« reducing the time spent on writing a prompt
& Taxonomy * actively describing the project with a design intention
¢ helping client understand the intention with key words
3- Communication communication + efficiency

- : * improving the communication with the client
Principles P

* contributing to efficiency for both sides with clear statements
Figure 18. Three components of framework with their relation with research criteria.
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5. Test

5.1 Motivation

As the Framework that was created based on how to describe lighting effects and light
behavior, it should be tested before being presented as an outcome of the study. The first
component of the framework (the Workflow Map) is based on the tool analysis; however, the
second and the third components rely on academic research, and there is no significant

evidence yet of whether they are valid for the design pipeline.

The aim of the test is to assess the three criteria stated before, communication,
efficiency, and use of GenAl, from the perspective of both the client and the designer, using
this framework. For efficiency, the framework should prevent unnecessary meetings caused
by miscommunication of client and designer intent; communication, in turn, relies more on
visual storytelling, which is the designer's responsibility through the chosen medium. By
combining these two, generative Al should be integrated into the conceptual design process
through a design explanation and one visual that express the idea to the client. This criterion is
intended to be assessed by comparing traditional methods with technology integration in
terms of time and the use of generative tools. Based on the Workflow Map, Gemini was
chosen as the tool to deliver the project, as it includes both written and visual responses, with

reference to the Component 1.

The test was structured based on to comparing traditional and Al-assisted concept
production directly addresses a practical concern raised by practitioners using Al visualization
tools. As Green (2026) observes while using DuskAl as a submission: “There is always a
slight concern that a client will just expect a visual to be the end result. We tend to mix both a
pseudo-realistic visual with supporting reference images to convey a proposal.” (personal
communication via LinkedIn, March—April 2026). Based on that, each participant produces
one output using traditional methods and one using Al-assisted methods, allows the

framework to be assessed precisely also the quality concerns related to Al-supported

35

26.05.2025



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design ~ 26.05.2025

submissions and clarity of the intention conveyed through the design method. Grounded on

this motivation, the research question for the test phase is stated as follows:

Test RQ: "How does the 'Prompt Formula' reduce misinterpretations between the client
and the designer through improved visual communication, compared to traditional
methods, when using Gemini during the conceptual phase of lighting design?"

Furthermore, the following hypotheses were formulated to be tested in order to

support the research question (see Table 7):

Number | Hypotheses

H1 Integrating GenAl into the conceptual design phase makes client understand better
the project with the help of visual materials used.

H2 Use of GenAl helps to understand the client brief quickly.

H3 People with an experience of GenAl in daily life produce images close to what they
intent.

H4 When both the client brief and design output are explanatory, it reduces the time
spent on meetings to discuss the project.

H4 Within given time frame, people using GenAl might produce higher quality images
but it might be less refined than the traditional methods.

H5 People using GenAl might understand the context and project less than people
starting with traditional methods as it can affect the brainstorming process.

H5 Al - Generated images might be seen less professional by the client.

H6 The client might prefer to see less realistic images during the conceptual phase.

Table 7 The table reflects the hypotheses of the test.

5.2 Test Methodology

In this chapter, the methodology of the test is explained in detail, with all the processes that
were introduced in the Methodology Chapter. The test includes three main parts: testing, self-
reported designer evaluation, and expert evaluation. During the testing, participants were
divided into two groups: Condition 1 (traditional to Al-assisted methods) and Condition 2

(Al-assisted to traditional methods), producing two outputs per participant. The outputs were
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evaluated by three expert evaluators: the client, an external expert, and an internal expert on a
1-5 Likert scale. There were five criteria in the evaluation, the same as the Communication
Principles: Professional appearance (P), Concept well explained (C), Understand without

meeting (M), Lighting intent conveyed (I), and Would accept proposal (A).

To analyse the results, a non-parametric statistical approach was applied because the
number of participants was small (n = 10) and the evaluation criteria were based on a 1-5
Likert scale. To draw a general conclusion about the relation between Condition 1 and
Condition 2 across all questionnaire items, the Wilcoxon signed-rank test was used. The
significance level threshold was set at a = 0.05, and if p < 0.05, the results were considered
statistically significant. To gather the data in a descriptive summary (mean, standard

deviation, and median), all scores were collected separately.

5.3 Test Design and Variables

The test was designed as a comparative experimental investigation within a within-subject
design, in which participants complete both conditions (traditional and Al-assisted), while the
sequence is reversed for half of the participants. It also includes a double-sided assessment by

the client and the designer.

The test has both independent and dependent variables affecting the results, (see Table 8).

Controlled Independent Dependent Covariate

1.Time (3+5+5 minutes) 1.The order of 1.The generated images for each 1.Familiarity with the Al tools
2.Project (Brief + Context) conditions condition 2.Professional experience of
3.Al Methods (ChatGPT) 2.Designer’s satisfaction with the lighting design

4.Prompt Writing Method generated images

3.Clarity of the brief for the designer
as an efficiency

4.Evaluation of the communication
by the client

Table 8. Variables of the test.
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5.4 Test Equipment

The test was planned to be conducted at Concepto Office, Paris, in both online and in-person
settings. The main structure of the test was designed by considering the number of employees
at the office during the holiday season; the test design was therefore arranged for online
settings to allow external participants to join without physical attendance. For this reason,
after the brief was received, all settings were designed so that participants could join the test

using their own computers, allowing them to use the same methods they are accustomed to.

Following this, the preparation for the test began by creating an account to put all the
files into Google Drive folders. After that, a Gemini membership was purchased (Gemini Pro
3.1) so that participants could log in with the same Google account automatically, in order to

keep the prompt history and to prevent problems caused by switching between websites.

As the starting part of the test, the brief was requested from S.C., CEO of Concepto,
(hereafter referred to as "the Client"), with instructions to prepare one page describing all the
criteria for the project. The brief is originally written in French, sent by email on 28 April
2026, the day before the test session, with the following translated version (See Figure 19):

Description of the Project (EN)
Here are the program elements for the lighting of the church in Auberviliers

(a synthesized technical program led by Plaine Commune and a political program led by the Mayor of Aubervilliers).
e

The church in Aubervilliers must become a landmark for residents.
It must bring life to the town center and the town hall square.

The lighting must respect:
* The building's architecture,
* The protection of the night sky,
* The tranquility of the surrounding residences.

It must nevertheless create a welcoming atmosphere for pedestrians.
Its bell tower must be visible from afar, but the roof must not be
iluminated.

It will not be permitted to install any lighting fixtures on the monument.

We would like the main facade (facing the square) to be more elaborate and brighter than the
other facades.

We want the lighting to offer different atmospheres depending on the day of the week, with one
lighting scheme for weekdays (Monday, Tuesday, Wednesday), another for the weekend
(Thursday, Friday, Saturday, and Sunday), and finally, a festive scheme to complement special
events.

This lighting scheme must embody the following values: inclusivity, cultural diversity, thoughtful
lighting design, and modernity.

Client
Figure 19. The client “brief” translated from French to English by DeepL
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The Google Drive folder includes all the materials required during the process. The
first is a brief by the client was explained in the previous chapter. The second file contains the
visual of the church, the high-quality version of the image used in the description (Tourisme,
n.d.). The third folder contains the Gmail account information, and the fourth is a template
explaining what to do, including a section for the explanatory paragraph and the images for
the concept explanation. The submission folder includes a sub-folder for each participant
called "P-no", where they upload their documents. There is also a folder called "After Test",
from which participants download evaluation material to assess the communication level of
the brief, the limitations, satisfaction, feasibility, and the value of the Formula, which is
attached in "PART 2 - Al Formula" together with the Taxonomy as created in the previous

chapters.

5.5 Procedure

The test was conducted over two days: 29-30 April 2026. All participants were assigned a
specific time slot by email to regulate the process, including their condition. The conditions
were counterbalanced without any specific consideration. Each session was planned for 30 to
45 minutes, taking into account external factors such as Al response time, material
preparation, network connection problems, and other unforeseen factors. Of the 10
participants, 5 are lighting designers at Concepto Office, 2 are professional lighting designers,
and 3 are master's students in a related area. Participants joining online connected through
Microsoft Teams, while in the office, all tests were carried out at the designer's own desk.
Condition 1 (traditional to Al-assisted) and Condition 2, the reverse, were assigned randomly

without any specific consideration.

Before the session, all participants received an email with a short test description and
the Gmail account details to access the folders. This was intended to reduce the time spent on

the account log-in process. After arrival, the process was followed as described below:
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=00 NN kWD~

0.

Welcoming and introduction (10 min)

Brief reading (3 min)

First assigned condition (5 min) + paragraph (2 min)
Submission to the Drive folder (not timed)

Second assigned condition (5 min)

Submission to the Drive folder (not timed)
Evaluation form (not timed)

Submission to the Drive folder (not timed)
Checking all the details

Closing

5.6 Data Collection

Data was collected through different sources:

Participant submission: two visuals and one paragraph
Generative Al history with prompts and outputs
Self-Reported Designer Evaluation Forms filled in by each participant

Expert Evaluation Forms from the client, internal evaluator, and external evaluator

5.7 Test Results and Evaluation

5.7.1 Test Outputs

For the test, 10 participants took part and were identified as POl to P10. Among them, all

participants except one submitted project descriptions alongside two Al-generated images

created using the formula. During the non-Al phase, four participants preferred sketch

drawing, while three participants, all junior lighting designers, used photo shopping

techniques, and the remaining participants prepared mood boards. During the GenAl-assisted

phase, only one participant (PO1) did not use the photograph uploaded to Drive, instead

choosing to upload the sketch created during the traditional. All participants submitted one

design solution, whereas P05 submitted three scenarios described within a single poster,

including all design intentions and explanations. Each submission is presented with its

evaluation in Section 5.7.2.
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The analysis was conducted based on prompts collected from the provided ChatGPT
accounts and examined to identify frequently used words and determine whether participants
applied the formula correctly. Except for one participant (P06), all participants applied the
formula correctly, although some added extra words and sentences to further describe their
intentions. Several recurring patterns were identified among the prompts (Fig. 20), with three
words repeated more than four times, excluding ‘“church,” which was used by seven
participants under the “space” category. Within the formula categories, the most repeated
terms were ‘“2700K” and “warm/amber” under color temperature, and “photorealistic” under
rendering style. In addition to the formula, three participants (P04, P05, P07) used negative
prompts such as “avoid harsh glare,” “don’t overdo it,” and “not too dramatic,” although each

was used in a different context.

Frequency of Use

urian stieet facade : oy
context heritage | (-

columng scutptures rieemeigon

6- Atmosphere photorealistic e
night pastel
5- Render style ™™™

bell tower

1- Space
heritage square
limestone

stained
glass

4- Shadow s
2- Light layers

..... backlight |~ facade shadows.

roeced lighting 3- Colour temperature &

wall
focal graze
glow warm/

directional e 2700 amber Eaook

layered
light
reflected e - 2B
et
pestel wa || -light

spotlight
[

golden

e

Figure 20: Prompt analysis which shows the frequency of use within the given context.

Analyzing each category individually, “church” (P01, P02, P03, P04, P07, P08, P10)
and “facade” (P01, P02, P03, P05, P07, P10) were the most frequently used words describing
the space. “Bell tower” appeared five times (P01, P04, P07, P09, P10), while “heritage” was
used four times (P03, P04, P07, P10). Similarly, “square” (P01, P05, P10), “stone” (P07, P09,
P10), and “stained glass” (P03, P05, P09) each appeared three times.
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As previously mentioned, “photorealistic” was the most frequently used rendering
style descriptor, appearing in prompts by five participants (P01, P02, P07, P08, P10), while
“pastel” was mentioned twice (P06, P09). Other repeated terms included “rendered,”

29 ¢

“architectural photography,” “perspective render,” and “sketch.”

Within the color temperature category, “2700K” was used four times by P04, P05,
P07, and P10, while “warm/amber” was also used four times by P03, P07, P09, and P10.
Following this, “2200K” was used by P01 and P05, while “cool” and “RGB” each appeared
once in the prompts of PO3 and P02 respectively.

Regarding light layers, the most commonly used terms were “fagade lighting” (PO1,
P05, P10), “directional” (P05, P06, P10), “accent” (P04, P06, P08), and “spotlight” (P01, P04,
P10), each appearing three times. Additionally, the terms “uplights” (P04, P10), “wall graze”
(P02, P04), “backlight” (P03, P06), “focal glow” (P07, P08), “layered” (P02, P04), and
“diffuse” (P05, PO7) each appeared twice.

In terms of atmosphere, four participants preferred using “heritage/cultural” to

29 <

describe their intentions, while “intimate,” “welcoming,” and “monumental” were each used

three times.

Considering shadow and contrast, “soft” was used by P01, P07, and P08, whereas
“hard” was used by P02, P05, and P10. The word “contrast” appeared only twice, in the
prompts of P03 and P04.

5.7.2 Self-Reported Designer Evaluation

Different questions were included in the form to understand the process from the designers’
perspectives. First, participants were asked to evaluate their level of Al knowledge. Except for
PO1 and P06, who selected 1 out of 5, and P09, who selected 2 out of 5, all other participants
rated their Al knowledge above average. In general, the self-reported evaluation can be

divided into three criteria: communication (brief and meetings), conceptual efficiency

4

26.05.2025



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

(generating concepts within the time frame and using the formula), and GenAl satisfaction

(satisfaction with the generated result).

In the light of communication, all participants except one evaluated the clarity of the
brief as either 4 or 5 out of 5, resulting in an average score of 4.1. P09 described the brief as
generally unified, adding that “it already seemed quite detailed to me.” However, four
participants requested additional meetings with the client to clarify certain aspects, such as
consulting technical city services, discussing with church administrators, reviewing heritage
requirements, and addressing budget limitations. Based on this, P02 suggested holding a
meeting because “20% of the statements in the briefing are open to interpretation.” This
perspective was similarly supported by P0O8. From a more realistic standpoint, P06 described
the brief as “fairly broad, but sufficient and appropriate to define a concept. Unfortunately,

clients’ briefs are more technically detailed than practical.”

Considering conceptual efficiency and the formula, participants expressed opposing
opinions, similar to their perspectives on the brief itself. PO1, the only participant who used a
sketch created during the non-Al phase as the basis for the Al-assisted phase, stated that the
GenAl result did not match expectations and suggested that the formula might have been
missing certain elements. However, the remaining participants generally found the formula
useful. P10 specifically noted that it helped structure conceptual thinking and prompt writing
within a short period of time. Similarly, PO7 stated that the formula would likely become
integrated into daily lighting design visualization workflows because it encourages
reconsideration of all design details. In contrast, P09, who rated their Al knowledge as 2 out
of 5, stated that they did not fully understand how to use the formula and instead preferred

descriptive text written in their usual way.

More than half of the participants preferred visualizing their designs using GenAl
within the given time frame. P03 described the process itself by stating: “Al gives you what
yvou tell it literally, the tricky part is getting it to do it right.” In terms of image quality and

satisfaction, several concerns were raised, including “lack of dynamism” “good for
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conceptual”, “weak for the final submission”, “lack of balance,” and “flaws can still be
corrected.” Excessive brightness was mentioned by three participants, while PO7 questioned
whether additional prompt details related to brightness should be included, although
remaining skeptical. On the other hand, several participants made positive comments such as

“very realistic images”, “convincing” “the light effect on the facade and the addition of people
are good” and “very close to what I imagined in terms of light effect”.

Regarding experimentation with different conditions, participants expressed
contrasting views. Initially, P06 commented: “4 first attempt (with Al) responded well to the
concept I had imagined but did not take the important style into consideration. The second

test (without AI) was more convincing.”

P06 later expressed concerns regarding the feasibility of the project after visualizing it
with Al and indicated feeling more comfortable with hand drawing because it supports

analytical thinking regarding technical details, expressed in French as (7Translated by Deepl):

»dessin + dessein = design‘
(drawing + intention = design)
Similarly, P09 supported hand drawing by stating: “Ideas come more easily while
progressing, we create by drawing. The second proposal (non-AI) made me observe the

building and the details more carefully.”

Due to the given time frame, five participants, including both junior and senior
designers, reported feeling stressed. In the evaluation scale, every score from 1 to 5 was
selected by at least one participant. Additionally, eight participants requested a few extra
minutes to refine traditional drawings, while three requested additional time to receive

responses from ChatGPT.
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5.7.3 Expert Panel Evaluation: Client, External, Internal

The test was evaluated by three evaluators: the client who wrote the brief, an internal
evaluator working on the actual project, and an external evaluator who is a manager within

the lighting industry. Therefore, all evaluators were familiar with the subject matter.

Figure 21 (also see Appendix G) presents all submissions, including details based on
which condition each participant experienced (Condition 1 or Condition 2). In addition, the
preferred production method during the non-Al session is indicated above the participant
numbers. The letters shown under the images represent abbreviations of the evaluation criteria
explained in the Test Methodology chapter. Each criterion was evaluated out of 5, and the

numbers shown indicate the average scores assigned by the evaluators.

Reference Images
Condition 1 (traditional to Al ® sketch
W Condition 2 (Al to traditional) Photo shopping
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Figure 21. Table represents the evaluations based on conditions and medium of visualization per
participants for each condition.
Based on the results, two projects were generally not accepted (A). The lowest-rated
project belonged to the non-Al method of P07, which received a score of 2.1/5 and an “A”
average of 1/5, followed by the Al-assisted solution of P06 with a score of 2.4. Conversely,

only one project received full acceptance with a score of 5/5: the Al-assisted proposal of P05,
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which included all three design scenarios within a single poster and achieved an overall score
of 4.8, the highest score in the test. The following highest scores belonged to the Al-assisted
images of P07 and P09, as well as the Photoshop-based explanation of P10, all rated 4/5,
followed by the Al-generated image of PO8 with a score of 3.9.

Analyzing the production methods, Photoshop-based work received both the highest
and lowest scores among traditional methods. While the other methods varied, the use of
reference images resulted in more stable evaluations, with an average score of 3.43 and scores

ranging between 3.2 and 3.6.

Comparing Condition 1 and Condition 2, and considering the scores for C (“concept
and explanation”) and I (“intention”), four participants improved their scores in the second
trial, while four remained within the same range. Only one participant’s scores decreased
significantly, from 5 to 2 and 3 respectively (P01), while another participant (P08) improved

in C but received a lower I score during the second production.

In terms of conceptual efficiency, four participants achieved a green-scale rating of 4
for understanding the project without requiring meetings, distributed equally between Al-
assisted and non-Al methods. Supporting this, at least either the C or I score for these
participants was also within the 4 range, and, with one exception, these projects were among

the highest-rated submissions overall.

Comparing Al-assisted and traditional overall ratings, the average score for Al-
assisted productions was 3.57/5, whereas traditional productions averaged 3.33/5. Only one
traditional production exceeded a score of 4, while four Al-assisted productions achieved
scores above 4, including one rated 3.9. On the other hand, both Al-assisted and traditional
methods included the same number of lowest-rated productions (2/5), represented by pink-

scale ratings of 2.1, 2.4, and 2.8.

To better understand this data, the Wilcoxon Signed-Rank Test results are presented in

Table 9. The analysis demonstrated that none of the criteria produced statistically significant
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differences between traditional and Al-assisted methods (all p > 0.05). Although Al-assisted
methods achieved slightly higher mean scores in several categories, these differences were not
statistically significant according to the Wilcoxon Signed-Rank Test. Question 1 (P)
approached significance with p = 0.093 (W = 6.00), whereas Question 4 produced the least
significant result (p = 0.812). The largest mean differences between conditions were observed
for Question 1 (P) (+0.63) and Question 5 (A) (+0.47), while the smallest difference was
observed for Question 3 (M) (+0.07).

Traditional Al-Assisted Mean

1) P: Professional apperance +0.63 0.093 Not significant
2) C: Concept well explained 3.60 343 -017 18 0582 Not significant
3) M: Understand without meeting 333 3.40 +0.07 11.50 0.671 Not significant
4) I: Lighting intent conveyed 343 Sl57 +0.13 20.50 0.812 Not significant
5) A: Would accept proposal 313 3.60 +0.47 14.50 0.343 Not significant

Table 9. Wilcoxon Signed-Rank Test results showing the significance level of findings.

As an additional comment, the client noted the following (translated from French
using DeepL):

“Easier access to realistic images, but the intentions in Al-generated images are not
very clear, except for P05, which is a very client-appealing proposal. In this case, no client
would realize the technical errors in the Al-generated image.”

6. Discussion

6.1 Test Results Discussion

This chapter discusses the results that are given in the Chapter 5 with the test hypothesis and
research question explained in Section 5.1 by considering the research criterion and its
relation with the findings. As a conclusion of this process, the framework is revised and the

new version presented in Section 6.1.4.
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6.1.1 Findings of Expert Panel Evaluation

In terms of evaluation validity, all evaluators were professionals working within the lighting
industry, although only the external evaluator came from a background outside design.
However, as explained in the Section 2, clients are primarily construction-based professionals
with no direct relation to lighting design except electrical engineers. The client involved in the
test noted that the visuals were “foo realistic but effective in selling the project,” while also
suggesting that the ratings might have been higher if evaluated by clients without a lighting
background. Therefore, although the results may suggest certain conclusions, they cannot be
generalized to broader contexts due to conceptual and analytical differences between client
groups. Nevertheless, this study primarily focuses on the perspective of the designer rather

than the client.

Several notable patterns emerged from the evaluations. Professionalism (P) and
Proposal Acceptance (A) showed comparatively significant changes under Condition 2.
Professionalism approached statistical significance (p = 0.093), with six participants
producing more professional visuals under Condition 2, resulting in a mean difference of
+0.63. Proposal Acceptance followed a similar but less distinct trend (p = 0.343, mean
difference +0.47), with six participants likewise receiving higher acceptance ratings for their
GenAl-assisted designs. The remaining three evaluation criteria did not demonstrate similar

significance.

Overall, these findings suggest that GenAl contributes more strongly to producing
visually compelling images rather than significantly improving abstract qualities such as
intention, concept, or clarity of communication. Based on the test evaluations and findings
explained in Subsection 5.7.3, integrating GenAl into the workflow did not produce a
statistically significant change from the evaluators’ perspective. The average difference
between Al-assisted image generation and traditional production methods was only 4.8%,

which can be considered relatively minor. However, the highest-rated submission overall was
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the Al-generated image of P05, which received a score of 4.8/5. Within the given time frame,
no participant using traditional methods produced an image with a comparable result, with the
highest traditional score remaining at 4/5. The greatest contrast between production methods
was observed in P07, who received the lowest score for the traditional method (2.1/5), while
their Al-assisted production ranked second overall with a score of 4/5. This suggests that
GenAl assistance may help certain participants produce more acceptable results compared to

traditional methods alone.

6.1.2 Revising Hypotheses

As the hypotheses were introduced in Section 5.1, each is evaluated here individually. For
H1, client intent depends on understanding the project requirements, making it a two-phase
process. First, the designers evaluated the clarity of the brief with an average score of 4.1/5.
This aspect was later reflected in the evaluators’ general scoring, as discussed in Section
6.1.1, similarly relating to H5 and H6. Briefly, H1 is partially supported, although no

definitive conclusion can be reached.

Furthermore, there is no clear evidence supporting H2 because, except for one
participant, nobody uploaded the brief into ChatGPT to better understand the project
requirements. Regarding H3, participants POl and P06, who reported beginner-level Al
knowledge (1/5), received the lowest scores from evaluators, whereas the participant with the
second-lowest self-reported Al knowledge (P09, 2/5) achieved the second-highest evaluation
score (4/5). In this case, P09 reported not fully understanding the formula and instead wrote
an independent prompt. Nevertheless, the hypothesis is generally supported in relation to

lower-scoring participants.

Interestingly, the participant who achieved the highest score for the GenAl-assisted
image (P05) reported only average Al knowledge (3/5). This may indicate an influence of the

formula itself; however, there is insufficient evidence to draw a definitive conclusion,
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especially considering that Al knowledge levels were self-reported and may have been

interpreted differently by participants.

H4 is partially supported, as participants reported that additional time would primarily have
been used for fine-tuning Al-assisted images, whereas participants using traditional methods
more frequently required additional time simply to complete the production. There is also no
consistent trend supporting HS, as some participants improved while others decreased their

scores between conditions.

6.1.3 Formula Patterns Across Participants

Briefly, three main patterns were observed across all participants:

e Prompt structure appeared more important than prompt length. The highest-rated
output (P05) used a structured “Formula Taxonomy” with negative instructions and
requests for multiple design scenarios, whereas the lowest-rated output (P06) relied on

fifteen disconnected keywords with contextual inconsistencies.

o Seven out of ten participants used all six categories of the formula, supporting the

empirical contribution of the formula itself.

e Photorealistic rendering styles dominated the prompts (5 out of 10), reflecting the
professional concern of avoiding visuals that “look fake” (Bech-Larsen, personal

communication, 2026).

Comparing the submitted images in detail, the formula itself was designed to improve
efficiency. PO1, the only participant who used a hand sketch as the base input for Al
generation, reported that the formula did not function as intended. After reviewing the prompt

translated from French:

“Hello, I'm acting as a lighting design expert to create this image. It depicts a church and the

public space of the square in front of it. The light is directed by floodlights mounted on poles
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7 meters high in the square to illuminate the bell tower and the facade. The parameters are:

2200K, soft shadows, monumental with a photorealistic rendering”

The prompt included details under all categories of the formula; however, the
underlined information referred to dimensions that ChatGPT could not accurately interpret
without precise measurements. Despite this limitation, the generated image still preserved the
drawing lines and rendered the church in a watercolor-like style, even though “photorealistic
rendering” was explicitly requested. Additionally, only one taxonomy term was used under
each main category, without considering the broader subcategories that might have been
necessary when using a hand drawing as the input base. However, this observation cannot be

generalized, as only one participant experimented with hand-drawn inputs.

P04 also questioned the effectiveness of the formula, stating: “The lighting effects
were realistic, but there was too much uplight because the prompt didn’t specify the details,

and areas without lighting also appeared bright.”

This comment referred to the following prompt, translated from Turkish using DeepL:

“This is a church located in France. I want the lighting for this church to meet my specific
requirements. I want the church to be lit in layers. The church’s bell tower should be more
prominently lit to draw attention, but it should maintain a uniform appearance, wide-angle
spotlights can be used. The columns of the church should be lit with uplights in a way that
avoids harsh glare. I also want the intermediate layers of the church to be illuminated using
graze lighting. The color temperature should be 2700 K. The shading on the facade needs to
be well-defined; let’s avoid unnecessary shadows. In some areas, contrast can be visually
effective. I want the visual rendered to align with the concepts of inclusivity, cultural
diversity, a thoughtful lighting approach, and modernity.

The prompt was defined using all categories of the formula except Category 6:
Rendering Details. However, no issues related to rendering details were observed in the final
image. Although the participant appeared to follow the formula requirements, subjective
adjectives, underlined in the paragraph, were used to define categories, which may have
confused the GenAl during image generation. As a lighting designer, prompts should be
written more directly rather than through open-ended descriptions that allow GenAl to

interpret details independently. The image contains excessive uplighting because the prompt
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described the lighting “in a way that...,” allowing ChatGPT to decide what “that” meant and
generate uplights accordingly. In addition, P09 indicated that the formula was not

intentionally used, despite achieving one of the highest scores. The prompt:

“Take this nighttime shot and create a low-angle lighting effect without a camera mounted on

it, using a pink gradient that accentuates the facade’s contours, with a soft, pastel light that
complements the stone’s texture. I don’t want to see any light beams because the sky is clear, and the
sky should be very dark with a few stars. Add a few passersby to the plaza.” Then, adds in the second
prompt “Add some orange light inside the tower and behind the three stained-glass windows. Don't

change anything else.” The second prompt added: “Add some orange light inside the tower and

’

behind the three stained-glass windows. Don’t change anything else.’

Clearly, this prompt contains almost no descriptions left open to interpretation, unlike
the previous example, meaning that all elements are well defined. However, although the
participant stated not understanding the formula, the prompt still included nearly all categories
except Shadow. Regarding rendering style, the participant also described the camera angle,
which was not included in the original formula. Furthermore, the relationship between light
and contextual architectural references was clearly established through complete sentences,
something missing in many other prompts where participants focused only on taxonomy

keywords rather than sentence coherence and conceptual unity.

Regarding the test evaluations and scores, the two lowest-rated participants may have
received lower professionalism scores due to unfinished submission. P6 first generated an

atmosphere and then requested that the it to be applied to the image, as shown in Figure 22.

Figure 22. The first attempt of P06, asking to apply the atmosphere into the visual in the second output.
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A prompt translated from French using DeepL stated:“Lighting design for a library:
backlit bookshelves, foyer accent lighting, front lighting, nightlight, flickering flame, shifting
shadows, intimate atmosphere, quiet setting, pastel tones.” The second prompt stated: “Apply

this atmosphere to the image that I attached without changing the context.”

Although the prompt appears technically applicable, it begins by describing an interior
library space unrelated to the actual context of the project, which is clearly a heritage building
and/or church fagade. As a result, the Al generated an imaginary interior atmosphere without
responding realistically to the provided image. While the atmosphere matched the textual
description, the application to the actual context lacked realism. This issue may also relate to

the absence of Rendering Details in the prompt.

The highest-rated visualization (P05) was generated using a prompt containing all six
categories of the formula in a bracketed structure, including negative instructions and all three
design scenarios described in the brief. In contrast, the lowest-rated visualization (P06)
consisted of fifteen disconnected keywords without structure. Although four of the six
categories were clearly addressed, the “Space” category was overly conceptualized through
the use of “bibliotheque” (“library”) for a religious building. These opposite outcomes suggest
that prompt quality in lighting design depends less on word count and more on structural
adaptability to the formula. This also partially supports Hypothesis 2 (Al tools reduce
production time), but only when each category of the formula is completed by the designer

using a clear and structured approach.

To analyze specific participants in greater detail, PO8 uploaded the project image
alongside the project formula and taxonomy before writing the prompt and later copying the
project description into ChatGPT. Essentially, the participant requested a new project
formula, which the tool interpreted as a “night proposal.” Interestingly, it reused the provided
formula headings and taxonomy to generate a related concept, as further shown in Appendix

E.7. However, despite receiving the generated concept and formula, the participant ultimately
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selected only one word from each criterion and produced the following prompt on 30 April

2026:

“do a render with, religious, accent, warm, soft shadow, welcoming, photorealistic
religious, accent, warm, soft shadow, welcoming, photorealistic”

The participant also requested a project description within the same chat, becoming

the only participant to generate the project concept itself through GenAl.

Similarly, P05, the participant with the highest-rated Al-assisted proposal, began by
copying the project description into ChatGPT without adding additional instructions.
ChatGPT then generated reference images, main headings, and possible scenarios.
Afterwards, the participant developed each element individually using the formula alongside

additional details related to poster orientation and the three design scenarios (see Fig 23).

Figure 23. POS. Generated by using ChatGPT on 30 April 2026.

54



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

In parallel, pattern analysis of the prompts also relates directly to Communication
Principles. As explained in the prompt analysis, describing lighting design involves a
combination of technical and conceptual language. When prompts become excessively
technical, LLMs may also become confused. Therefore, there is a direct relationship between
Client Communication Principles and prompt engineering in lighting design. A framework

addressing only one aspect of the design process would remain incomplete.

As one of the comments from senior lighting designer Pernille Bech-Larsen (2026)
suggested, Al-generated visuals can appear “fake.”” The survey results supported this concern,
as “photorealistic” became the most frequently used rendering-style descriptor among

participants.

Toward a redesign of the framework, the test empirically supported the functionality
of Component 2 and its structured taxonomy, as summarized earlier in this section. However,
several areas still require improvement. As explained in Subsection 6.1.3, some terms used
by participants were not included within the original taxonomy. This indicates the need for
additional vocabulary categories, although the taxonomy was initially intended primarily as
inspiration. Furthermore, three participants (P03, P06, P09) did not use the Rendering Style
category, while another participant independently added “camera angle,” demonstrating the
need for revision within this category. Additionally, PO7 suggested adding brightness scales
due to excessively bright outputs; however, brightness variation was expected to remain

partially uncontrolled and was therefore not included.

Regarding Component 3, Question 2 (C) produced lower results in Al-assisted
evaluations concerning conceptual explanation, suggesting the continued need for humanized
explanatory elements alongside visually polished images. A balance must therefore be
maintained between technical and semantic communication methods. Moreover, the client
noted that clients may not recognize errors within Al-generated images, making Al usage
difficult to detect. At this stage, transparency becomes essential within communication

practices.
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6.1.4 Redesign: Framework

To develop a refined framework design, participant prompts were analyzed to identify

recurring patterns and missing elements within the formula, as summarized at the end of

Section 6.1.4. Based on this, Components 2 and 3 of the framework were revised accordingly:

Component 2: Formula & Taxonomy

1) Instruction: Please use the bracketed Formula when writing your prompt. After

2)

attaching your base image/photo, provide a short instruction describing your

design intention for the GenAl. (For example: “Turn the attached photo into a

night scene with the lighting design described in the following:...”)

Formula Taxonomy (Revised): Based on results, it is arranged: “Architectural”

under Space, “Light Fixture” under Light Layers and “RGB” under Colour.

“Contrast” 1s moved from Atmosphere to under Shadow while merged with

Softness (removed). Quality is renamed as “Mood” and Render Style is redesigned

with an addition of “Angle/Framing”. There is a new category: “Negative Prompt.”

which is also renamed the Six-Category Formula.

Category
1 Space

2 Light Layers

3 Colour
(redesigned)
4 Shadow

5 Atmosphere

6 Render Style
(redesigned)

Sub-category
Type

Architectural (new)
Material

Context

Ambient

Task

Accent

Decorative / Focal
Light Fixture (new)
Temperature

RGB (new)
Contrast (merged)
Transition

Directionality
Mood (renamed)

Sky / time
Depth
Quality
Orientation
Medium

Angle / Framing

7 Negative Prompt

Table 10 Revised Formula Taxonomy.
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3) Seven Category Formula (Revised):

1. Space 2. Light layers 3. Colour 4. Shadow 5. Atmosphere 6. Render style 7. Negative Prompt

e Component 3: Communication Principles:

1. Professionalism

2. Conceptual Design

3. Self-Explanatory Presentation
4

. Visual and Verbal Consistency (revision): The visualization and the written

context should reference the same design intention while—supperting—each—other
where-one-isnot-enotgh—The design should be explained in detail verbally by

having a balance of technical and conceptual details regardless of the quality
of visualization to convey the idea.

5. Alignment and Acceptance

6. Transparency (new) : Use of Al should be declared to the client by specifying the

medium, source, prompt and the reason of use.

As there is no change in the Component 1 -which was not part of the assessment of the

test-, Component 2 and 3 are revised as explained above.

6.1.5 Limitations of the Test

In terms of the overall limitations, although 10 participants (n = 10) were considered
sufficient for an initial exploratory study, the group remains too small to support broad
generalizations. Therefore, the findings should be considered preliminary within the field of
Artificial Intelligence in lighting design. Additionally, relying on only one project brief limits
generalizability, although this approach was necessary within the available research
timeframe. Similarly, having only one client write the brief is not entirely realistic, as real

projects are typically developed and evaluated collaboratively by teams.

57

26.05.2025



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

Two condition groups (Condition 1 and Condition 2) were created because
participants were expected to begin brainstorming during the first stage regardless of method.
The purpose was to analyze how Al integration influenced analytical thinking and production
depending on the starting method. However, no significant differences were ultimately

observed.

The test language followed each participant’s native language, and all materials were
prepared in English, French, and Turkish. Although the original brief was written in French,
all materials were initially prepared in English by the author, translated using DeepL, and then

manually reviewed.

To address procedural limitations, the test was designed to be completed within a
maximum of 45 minutes. However, despite prior preparation, the first participant required
approximately one hour due to technical problems. These issues were primarily related to
Gemini and its integration with the Nano Banana image generation tool. Certain prompts
generated system errors, as shown in the figure. Consequently, the first participant restarted
the test with a 10-minute delay, replacing Gemini with ChatGPT Go (upgraded model)
integrated with OpenAl’s image generation system (DALL-E family) through GPT-5.3.

Additionally, extra preparation time for traditional drawing tools had not initially been
anticipated. Therefore, subsequent participants were informed via email to prepare their
drawing equipment in advance. Similar adjustments were required for account logins. The
results from the first attempt of the first participant were excluded, while the second attempt

was conducted under the same conditions as all other participants.

The most commonly reported concern was the strict time limitation of five minutes per
task. Participants frequently described the process as stressful, particularly during the
traditional production phase. Additional time was therefore allowed when technical issues
occurred, such as waiting for ChatGPT to process prompts or images. For example, the time

required for downloading the church image was excluded from the five-minute limit. Since

58

26.05.2025



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

the process was repeatedly described as stressful, these adjustments were considered

necessary to maintain a more realistic and productive testing environment.

Familiarity with Al usage in daily life also played a significant role in the Al-assisted
portion of the test. However, only self-reported evaluations were used to assess participant
experience levels. With additional time, a separate Al literacy test could have provided more

detailed measurements of participant knowledge.

Before the test, Gemini privacy settings were reviewed to determine whether uploaded
data could be used for training. However, because the ChatGPT membership was purchased
shortly after the first participant’s technical issue, its settings were not examined with the
same level of detail. As a result, the model improvement feature remained enabled. This
raised concerns that ChatGPT might gradually learn the project context and intentions across
participants, potentially improving performance over time even though each participant
developed different concepts. However, Willison (2024) explains that training and real-time
interaction are separate processes in LLMs: chatting occurs immediately, whereas training
requires additional processing time before influencing the model. Nevertheless, he also notes
that OpenAl does not clearly specify how or how frequently training occurs, raising ongoing

questions regarding the learning mechanisms of ChatGPT.

6.2 Project Discussion

This chapter discusses the findings of the project through all analyses and methodological
approaches to demonstrate the possibilities and limitations of the research and what it means
for the conceptual phase of architectural lighting design. It discusses the qualitative and
quantitative data in relation to the existing literature and how the research process was

affected by these findings.
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6.2.1 Mixed Methods

The main analytical sources of this research are the experimental test, surveys, and interviews.
The convergence of these findings suggests that Al is an assistant or a tool rather than an
imaginative creator. Although it is regarded as a tool, replacement within the industry is still
becoming a reality. However, this situation raises concerns regarding junior positions, as Al
handles repetitive tasks through which entry-level designers traditionally learn through trial

and error.

In terms of efficiency, it is described as spending time where it is actually needed
(Concepto Survey 1), reducing the time spent searching for the right inspiration or fixture
(OZbolt, personal communication, 16 April 2026), and producing professional results without
focusing solely on reducing time (Bech-Larsen, personal communication, 8 April 2026). The
findings of the research fall within this tension: the Al-assisted part of the test showed
advantages in professionalism (Q1, +0.63) and proposal acceptance (Q5, +0.47), but
negatively affected verbal clarity (Q2, —0.17), suggesting that Al contributes more to visual
quality than verbal communication. Therefore, the concept of efficiency with Al appears to be

contextual rather than general.

6.2.2 Findings and Existing Literature

The findings support two major aspects of the existing literature: the communication gap and
the lack of structured integration methods. First, the survey results showed a communication
gap between designers and clients (Concepto Survey 1, client comprehension scores < 3/5),
supporting the literature related to miscommunication and structural inefficiency within the
architectural workflow (Caliskan & Pekerigli, 2023; Mertens et al., 2022). Second, the
proposed framework was specifically designed for lighting design, as no similar research has

been conducted within this context.

In some ways, the findings relate to what Lee et al. (2025) discussed regarding

architectural prompt engineering, where fewer but meaningful words were recommended.
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Similarly, the findings of this research suggest that structured, multi-category prompts are
more conceptually efficient. The contribution of this study is therefore a revised framework in
which three components, the Map, Formula/Taxonomy, and Communication Principles—

guide lighting designers during the conceptual phase.

6.2.3 Implications for Practice

As a result of the collaboration and discussions related to Al, all designers at the office were
asked to explore Al tools and prepare small weekly presentations reflecting their ideas.
During the final week of the research, project manager V.N. developed a draft “Ethical Al
Policy” regulating Al use within the company (Charte éthique - L'IA au service de

CONCEPTO, V0, 2026). Several notable points were included in the policy:

1- Prioritizing Human Creativity: “A/ is a tool of ideation, not of creation.” by warning
that it might create inaccurate images and the design should carry the designer’s own
signature.

2- Sincerity and Protection of Works: Any use of Al should be declared to collaborators
or to the client. It is important to be careful about the project being used to train the
models due to the confidentiality.

3- Seeing Beyond Al : Environmental effects of use of Al should be taken into account that
if it is not essential, the use should be avoided. When Al is integrated into the workflow,
it does not mean that it lowers the service fee but this effort should be more put into
creative research. It cannot be argued to replace any positions of the office employees
with Al. "Know how to do everything without Al in order to use Al better."

4- Action Plan: List of future plans to do in the following time such as listing all
acceptable, not-recommended and forbidden uses, adding pictograms to warn the use of
Al, raising an awareness of this issue among all lighting designers, collecting typical

prompts on to use it at work.

This policy became an unforeseen outcome of the collaboration process and may serve
as an example for other lighting design offices developing similar policies. It also supports

the discussions held during Concepto Survey 2, the Professional Survey, and the interview
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with Pernille Bech-Larsen (2026), where the general perspective was that Al should be used
with awareness of both its capabilities and limitations, only as an assistive tool used

professionally. As stated in the policy:

“Al is an assistant for experts, not a substitute for lack of expertise.”.

From a broader perspective within the lighting industry, the findings suggest that Al
integration into professional life is no longer questioned; rather, the challenge lies in how to
implement it. Similarly, the contrast between the senior practitioner’s concerns regarding the
replacement of junior positions (Bech-Larsen, 2026) and the bachelor student’s already Al-
integrated learning process (Kobal, 2026) indicates that the field is undergoing significant
transformation. Therefore, embracing new technologies and learning their possibilities

appears to be the most realistic way of approaching this new era.

6.2.4 Methodological Reflections

The sequential exploratory design was the primary methodological structure of the study,
helping to build the research approach throughout the process. During the quantitative data
collection phase (surveys and interviews), gaps within the lighting industry were identified
and transformed into research criteria, which later guided the development of the framework
for lighting designers. This process was followed by hypotheses and experimental testing.
Although the test did not produce statistically significant trends due to the small sample size
(n = 10), the creation of the Concepto Ethical Al Policy within this short research period can
still be regarded as a tangible outcome of the study. The main challenge of the research
process was its complexity: six data collection methods analyzed across three languages.
However, this structure was necessary to ground the framework in practice rather than theory

alone, especially because Al in lighting design remains a relatively new topic.
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6.2.5 Limitations of the Project

There are three main limitations within the project. First, the case study focused on a single
project, the facade lighting of Eglise Notre-Dame-des-Vertus. The brief was written by a
single client and evaluated by two additional evaluators, while the primary user group
consisted of only one office. Although surveys were conducted internationally, the number of

participants remained limited (n = 6).

Additionally, the technology is evolving rapidly, meaning that methods or findings
valid during this research may produce different outcomes in the future, particularly regarding
the framework chapter. All data was collected between March and May 2026 using the most
up-to-date GenAl versions available at the time. During the research period alone, ChatGPT
was updated three times (GPT-5.3 Codex, 5.4, and 5.5). Therefore, these findings may not

reflect future model behavior.

At the validation level, Component 1 was developed through personal analysis, while
the refined framework presented in Chapter X was not experimentally retested. Conducting a
second methodological test exceeded the time frame and scope of a master’s thesis. These

limitations are discussed further in the Conclusion chapter as directions for future research.

7. Conclusion

This thesis aimed to address the need for a framework helping lighting designers understand
how to integrate generative Al into the conceptual phase of architectural lighting design while
improving conceptual efficiency and communication. While Concepto Paris served as the
primary user group, the fagade lighting of Eglise Notre-Dame-des-Vertus was used as the case
study to test the framework in practice by comparing ChatGPT-assisted and traditional

methods.
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The framework development process involved surveys, interviews, and experimental
testing, and was later revised according to the findings, although it remains open to future
improvement. The overall finding of the study is that Al integration into the workflow
contributes more strongly to visual production than verbal communication. In other words, it
improves the visual quality and acceptance of project submissions in the short term; however,
it may not strengthen, and may even weaken, the verbal communication of design intentions.
Based on these findings, the Map, Prompt Formula, and Taxonomy components of the

framework were refined accordingly.

As Bech-Larsen observed, Al should “help us in the things that take our energy away”
(personal communication, 8 April 2026). The primary contribution of this study is therefore
the framework itself. On a smaller scale, the creation of Concepto’s Ethical Al Policy may

also serve as a reference for other lighting design offices.

7.1 Future Work

There are three main areas that could be developed further in future research. First, the refined
framework, including Component 1, should be tested through a second experimental iteration
involving a larger number of participants and different project briefs developed
collaboratively, as in real projects. Similarly, the surveys should be conducted on a broader
international scale with larger samples of both students and professionals, preferably using

only English.

In addition, the current research and analysis were conducted mainly from the
perspective of lighting designers. To reach more general conclusions, greater participation
from clients is required. Moreover, the Map developed using research conducted during
April-May 2026 should not be interpreted as dependent on specific GenAl or LLM tools, but
rather on understanding how, why, and what should be implemented in future technologies.
Therefore, the sample analysis used to create the Map can be repeated at any time using future

Al developments without reducing the framework’s value.
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To strengthen the methodological analysis, future literature reviews should also be
expanded, as this remains a rapidly developing field. For example, Jiang et al. (2023), in a
systematic review of generative urban design, frame Al integration through three stages:
problem formulation, design generation, and decision-making, each involving different
stakeholders and decision logics. Future expansions of this research would benefit from
interdisciplinary collaboration between professionals from technology, art, and science to
analyze findings more comprehensively. As an interior architect, my own expertise is limited
in certain analytical areas, making collaboration with other professionals essential for

discussion and learning throughout the process.

Furthermore, the self-reported evaluations did not allow for strong general conclusions
because of their subjective nature. Future studies could therefore include a short preliminary
test or questionnaire evaluating participants’ Al knowledge levels before the experiment

begins, allowing for a more accurate assessment of Hypothesis 3.

7.2 Closing Reflection

The only consistent perspective throughout this study is that Al should remain a tool rather

than a creator of design, as expressed in Concepto Survey 2:

1

“Communication with the client must remain a human connection.’

Whatever is created using Al should still contain human touch, imperfections, and
emotional intention. The world generated by Al is built from patterns and data provided by
developers, whereas humans are shaped by emotions, reflections, and analytical decision-
making. Our field, lighting design, is made of technical and abstract balance of design. The
concept behind a space is a human-made attempt to give meaning to environments, while Al

can only imitate these processes.

The framework was created to guide designers toward a more efficient workflow and

stronger communication with clients throughout the design process. Although such tools may
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be useful, it should not be forgotten that nothing without emotions can replace human
creativity. Therefore, employment related concerns within the industry should continue to be
observed, but not necessarily approached as threats. As lighting designers, we create
something real through our professional background, aesthetic concerns, and emotional

sensitivity which are making us “human”.
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Appendix
A Transcription of Interview with Umut Deniz Kobal (1 March 2026)

Interviewer: What do you study at university and what is your level right now?

Umut Deniz Kobal: I study Interior Architecture and Environmental Design at Bilkent University. I am
a third-year student.

Interviewer: So far, what has been the challenging part in your department? Can you tell me briefly —
technical aspects or the creative process?

Umut Deniz Kobal: Initially, the creative perspective is quite challenging. Then, as we go along with
the project, the technical aspect becomes challenging as well. Also, time management.

Interviewer: In your university, which type of media do you use to submit your projects?
Umut Deniz Kobal: Digital. We use Moodle and upload PDF documents to Moodle.
Interviewer: And for your studio projects?

Umut Deniz Kobal: Same — we turn them into PDF and submit to Moodle. We also take hard copies
to class.

Interviewer: For your studio projects in interior architecture, do you use AutoCAD or other modelling
and technical programs?

Umut Deniz Kobal: I use AutoCAD for drawings. Sometimes I use Revit as well. For 3D modelling, |
use Rhino, and I used to use SketchUp. For renderings, I use D5.

Interviewer: And for presentations, what do you use?

Umut Deniz Kobal: I do not know how to use Photoshop, so I use Pages — it is an app on Mac. That is
where [ prepare my boards.

Interviewer: When you deliver your project to your professors, do they understand it clearly, or do you
need a lot of explanations for them to understand?

Umut Deniz Kobal: For the first time, I need to make a lot of explanations for them to understand my
concepts. I think my technical drawings are quite understandable, so they don't have difficulty with the
drawings — but maybe with the concepts.

Interviewer: When you prepare your projects, what is the most time-consuming part for you?

Umut Deniz Kobal: Probably coming up with a concept — starting the project initially takes the most
time. After that, the technical drawing part — drawing sections, special sections. They take a lot of
time.
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Interviewer: For the sections, do they expect you to render the sections, or do you keep them technical?

Umut Deniz Kobal: I don't like to render my technical drawings, so I do not render them. I don't think
they should be rendered.

Interviewer: Did you take a lighting design course in your school?
Umut Deniz Kobal: Yes, I did take lighting design.

Interviewer: What are the key aspects of lighting that you remember? Lighting design is not common
at the bachelor's level, and there are also master's courses for this. We want to know what you learned at
bachelor's level.

Umut Deniz Kobal: For example, we learned how to design and position lighting fixtures in specific
areas — for example, in offices, if there are desks, how to minimise glare and reflection. We also
learned about different colour temperatures in different locations.

Interviewer: Did you submit a DIALux project within the course?
Umut Deniz Kobal: No, I don't know that program.

Interviewer: Based on your answers, you said some things take more time, such as section drawings
and the conceptual phase. Did you ever think about using Al to help you during this process to reduce
time?

Umut Deniz Kobal: Yes, I did think about using Al, and I actually used it for the conceptual part.
Before coming up with a concept, I need to do research. I use Al for that research to manage the time
and minimise time usage.

Interviewer: Do you remember which Al you used for this process?

Umut Deniz Kobal: Google Gemini is the Al I used for the research part. It has a Deep Research
feature inside. So I choose Deep Research, then make a research of the specific country or concept I'm
looking into, and it gives me a detailed research paper and architectural specifications of the concept.

Interviewer: Is Deep Research something else, or is it also Gemini?

Umut Deniz Kobal: It's inside Gemini — there are a few features. If you want to make a research, you
choose Deep Research. If you want to create an image, there is Create Image. If you want to create a
video, there is an option for it. Because I wanted to receive a long and detailed research, I specifically
chose Deep Research, so it gives me a long essay.

Interviewer: For the section drawings, did you use any AI?

Umut Deniz Kobal: For example, I make a model in Rhino, and in 3D modelling programs there is an
option of automatically getting a section. To figure out how to take that section, I use ChatGPT and ask
for specific comments or specific ways of taking sections. It gives me steps, and I apply those steps in
Rhino or in any 3D modelling program to take sections. Then I import them to AutoCAD to fix them.

Interviewer: What is the perspective of your university on using Al?

II
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Umut Deniz Kobal: As long as you follow academic honesty, they are okay with using Al — if the Al
use is specifically stated in the course syllabus. It says you can use Al to make research, to study. But if
you are going to submit a paper or any kind of work, it should not be completely Al. You need to give a
reference. So if you use it honestly, to make research, that is fine.

Interviewer: As a future interior architect, do you think Al will take your job in the future? Are you
afraid of it, or do you see it as a helper?

Umut Deniz Kobal: I am not afraid of it, but I think it will. At this point it cannot create completely
correct and spot-on technical drawings — it keeps changing each time you generate a new image. But it
has a lot of information. For example, if [ want to look at the structural aspect of my design, it gives the
perfect calculations for a specific type of material. So I think it can actually do a lot at this point. People
can use Al to get inspiration or initial ideas — if you don't want to pay a lot of money to someone else,
and if the project is not a huge one, then you can use Al for that.

Interviewer: For this kind of occasion, what would you suggest to your classmates or students to
develop a skill to address this problem in the future? What do you think will be the highest paying part
as an interior architect — so you could say, "Yes, you can use Al, but you can hire me because I have
this qualification"?

Umut Deniz Kobal: We all know that Al uses already-produced images, so it cannot produce anything
from scratch. Because of that, | — as a human being — will always have to come up with new ideas,
concepts and images myself, and then Al can take them a step further and make them better. But I
always have to come up with something at first, so that the Al can work off of it. So as long as you have
talent, as long as you have ideas and you are creative, Al cannot replace you — but Al can make your
job easier and help you.

Interviewer: Thank you for your answers.

B Transciption of Interview with Pernille Bech-Larsen (8 April 2026)

Pernille Bech-Larsen: My name is Pernille Bech-Larsen. I work at SLA Copenhagen as a lighting
designer. SLA is a nature-based design studio, so we work on outdoor projects at all scales. We work a
lot on master plans, and also on plazas, parks, and all the way down to private gardens. But mainly I
work on larger-scale projects. I studied at Aalborg University and graduated from the class that started
in 2015 — we were the second year of the programme. My background was first as a research assistant
at Aalborg University, looking into circadian lighting and how light affects us. Then I worked for six
years at Henning Larsen Architects, where [ worked with a mix of artificial lighting and daylight
analysis, and also sustainability for built projects, both outdoor and indoor. Since 2023, I have been at
SLA. We are two full-time lighting designers and one student assistant.

Interviewer: Which type of clients are you working with — architects, designers, engineers, or
governmental?

Pernille Bech-Larsen: We have many. We have a lot of private developers. We also have
municipalities — I don't know if that is what you consider government — but we work a lot with
municipalities, private developers, or private clients.
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Interviewer: I am working with Al to understand if implementing Al could improve communication
between client and designer while increasing efficiency in the designer's workflow. Which programs do
you mainly use through the entire phase of your projects?

Pernille Bech-Larsen: It depends on which phase the project is in. In concept design, I work with a
combination of digital tools, but also hand sketches and drawings. It is very important for me to have
things in my hands. So it could also be samples — testing light samples, material samples, colour
samples. I like to work with collages and mood boards, so I use image search databases like Pinterest
and make collages for myself. I would usually use InDesign for that, and Photoshop and Illustrator. For
drawing in the concept phase, it could be either Rhino or AutoCAD. And for lighting, of course, I also
use DIALux.

Interviewer: Do you think with these kinds of programs, your client understands the lighting design as
you imagine it? Do they ask for a lot of explanations, or do they truly understand when they see the
project?

Pernille Bech-Larsen: I think it is a very good way for me to explain to clients that I have this mix of
sketches and mood boards, because in the early phases you want to give them an idea of how it is.
Personally, I think that depending on which culture we are from — whether our upbringing was in the
city or in the countryside — many different things influence how we feel or sense lighting in a space.
So I think it is very important in the early stage to leave something up to the imagination. To create
mood boards and have samples so they can actually experience the light from a fixture. I would rather
do that than be very specific and detailed with visualisations — I would wait with that until later.

Interviewer: That is very important for me, because I got the same answer from my managers.
Pernille Bech-Larsen: Okay.

Interviewer: What is the definition of efficiency for you at work? Is it finishing the project earlier, or
completing the project even if it is half done — how do you want to complete it?

Pernille Bech-Larsen: It is interesting to talk about, because if you have to submit a project to a client,
I don't want to use the word "efficiency". I would like to present something that is a finished project.
We finish it within the amount of time we have, but I don't know if I specifically want to talk about
what is the sense of efficiency in the design process. Of course it is good to have some methodology —
we use the same design process so we know which steps we have to go through. But yes, it is very rare
that we finish a project earlier.

Interviewer: By thinking about the whole process, which step takes an unnecessary amount of time for
you? It can be a program or just a task.

Pernille Bech-Larsen: I think it can take an unnecessary amount of time to have coordination meetings
within different disciplines. Of course it is important to coordinate, but sometimes it feels like it can
take a lot of time to get to a clear understanding.

Interviewer: Do you think it is because of a lack of communication, or why does it take a long time?

Pernille Bech-Larsen: That is a good question. I think sometimes it is just a little unclear what the
scope split is between the electrical engineer, the lighting designer, and the electrical installer on site, or
something like that.

Interviewer: And in terms of programs? It can be DIALux, InDesign...

v
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Pernille Bech-Larsen: I think that, being in a design office, there are many things you sort of need to
redo if new decisions occur. So maybe it can be detailing. I think it could be more efficient if we had a
good library of details — for sections, for example.

Interviewer: I am moving to the second part, related more to Al. Do you think Al is going to be an
assistant for us in the future, or are you afraid of it taking our job?

Pernille Bech-Larsen: I think Al is a tool that we should use. But we also have to remember that Al
can only answer questions based on what has already been written on the internet. It cannot imagine
something on its own. So if you ask it to make an image of something for which it cannot find a
reference that looks like it, then I think it is still better to use reference images and make a field of
references based on that. Personally, I like to use Al to read big documents for me, to make summaries,
and also to search for complex information that would have taken me more time.

Interviewer: If you prepare your project by using Al, would you tell your client specifically?

Pernille Bech-Larsen: Yes. If we do image renders in, let's say, Midjourney, I would write it under the
image — like "reference image, created with Midjourney". And sometimes we have even shared the
prompt. It is very project-specific, because it depends a lot on who your client is and what kind of
format you deliver in.

Interviewer: Now the opposite question: if your clients — architects or engineers — tell you the
project is made by Al and you need to continue working on it, what would your reaction be?

Pernille Bech-Larsen: If I get a project and I am told it has been done by Al, I would just accept it as
the premise. I would not necessarily continue with Al. But it would not be the first time it happened to
me — I had to take on a project and I suspected it came from Al. When you use text-based Al like
Perplexity, NotebookLM, or ChatGPT, you start to see how it writes, and then it becomes really easy to
register when you see it again — the same format. I received a lighting master plan from another
lighting company where I was thinking, "all this text sounds like it came from AI", and I got a little
annoyed. I felt that maybe it is not fair, but I felt like — okay, they didn't really do their job. Or maybe
they knew what to ask it to write, but I felt it was not detailed. Like no one took special interest in the
project, because they just took general terms. There was nothing wrong with it — it made sense — but I
got a little annoyed. It felt too general, not specific to the project.

Interviewer: And was it the kind of work you would submit?
Pernille Bech-Larsen: Are you not serious about it? Often when we get a project, maybe some other
lighting designer did a lighting master plan and we have to follow guidelines. Of course it is easy for me

to work with it if it has a lot of general structure, but it made me feel that I did not want to do the same.

Interviewer: That is a very nice approach. Although Al is very accessible, the value of the work is still
very important.

Pernille Bech-Larsen: Yes.

Interviewer: In which groups of programs would you add Al features to make work faster or more
efficient for you?

Pernille Bech-Larsen: Can it also just be something like Grasshopper?

Interviewer: Yes, it can.
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Pernille Bech-Larsen: Because internally in our company, we have colleagues doing parametric design
and they have made some tools for us that make it easy to place lighting in projects — we can give them
some rules. When we do master plans, we are optimising that process to make it more efficient.

Interviewer: In terms of communication, to make the client understand better — do you think Al can
help at some point?

Pernille Bech-Larsen: Of course. We can use it with text, and sometimes we can also create reference
images if we cannot find the correct one — because it is an art form to choose the correct reference
images and make a mood board. I don't think it is as easy as it sounds. The strong concept will carry the
project through all the phases. I think you can use Al if you have something in your head and you
cannot get it out on paper — you can get some feedback. But for now, I still don't think AT lighting in
visualisations is nice. For me, it still looks fake. I'm sure it will get better, but I still like to do it with
real visualisations. We use Photoshop, and we also use a 3D visualisation tool — what is it called now?
Lumion. Do you know Lumion?

Interviewer: Yes, I know it.

Pernille Bech-Larsen: We also experimented with — what was it called? We had Enscape first.
Interviewer: V-Ray?

Pernille Bech-Larsen: Yes, we tried Enscape. We do not like it for lighting. And we have Twinmotion.
Interviewer: Yes.

Pernille Bech-Larsen: But it is a bit more heavy. I think Lumion has some better qualities in relation to
how to control light. If it's Enscape, I would export an Enscape image without shadows, and then
Photoshop on top.

Interviewer: Okay.

Pernille Bech-Larsen: The problem with using Al for this is that for me, it would take more time to
make Al do the correct thing than it would take for me to do a sketch or to do Photoshop work. You
have a workflow — you go through some steps usually. For me personally, it would take more time to
make sure Al did the correct thing I want, because I know in my head how it should look. So maybe if
you get more used to working with it, it could be different — but for now, no.

Interviewer: Maybe in the future it will be developed more. There is one last question related to all this
discussion: in the future, in five or ten years, what kind of skills will be more important for lighting
designers? Because we will be integrating more Al into our profession. Do you think it will affect
creativity, or technical aspects? What are your assumptions?

Pernille Bech-Larsen: I think it becomes more and more important to be creative, and it will become
more and more valuable to have a distinct style and voice — because it will be easier and easier to get
fast, quick, and cheap results. It will probably be different in five years; I'm sure you will no longer be
able to see that it was Al, because it will get better. But I think it becomes very important to have a
strong signature and a strong creative mind, and also to interact with current research and to gain more
and more knowledge. I tried yesterday — because I knew I was going to talk to you — to ask ChatGPT
some questions about lighting. I asked it about a specific city, with some parameters, and then it asked
me, "do you want me to make a lighting plan with sources for you?" I didn't have time to spend more on
it, but it could be interesting to see what would actually happen — how much information I would need
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to give it. Also, because of confidentiality, I would not be able to upload all the project information to
ChatGPT. But maybe if my company had a private Al service, you could upload it and get some output,
and then see — "hmm, this is not what I like" — and redo it. But I think there is a problem with Al that
is related to you and your generation, and all the people coming after you: it will be harder to do the
junior jobs in the office.

Interviewer: Definitely.

Pernille Bech-Larsen: It is something we really have to be focused on, because it is not just in lighting
— in many different professions in the office, it will be hard to be new. Because you need to work and
gain experience in order to do things. In the beginning, you also asked about being efficient. When we
work with lighting, it should not be — of course we need to earn money — but it should not be our
starting parameter to be efficient. The parameter should be to do a good job. How do we make the best
project for this specific site, not how do we do it fastest and easiest? Because fast, easy, cheap — then
we just ask ChatGPT, and it becomes low quality. We also should remember that newcomers need to do
jobs, and there should be time to fail and time to learn. So I want to object to the parameter of Al only
making things more efficient. It should help us in the things that take our energy away. But you can still
see in a project today whether a person had a vision and some thoughts and created a concept, or if they
just asked Al to do a dark plan, for example.

Interviewer: It will be different in the future. Can I also share some general information I have gained
so far?

Pernille Bech-Larsen: I would like to hear it.

Interviewer: I started with general ideas about visualisation. But with my questions — because I asked
the same questions to others — I realised people need help more with their repetitive tasks, like
specification, bill of quantities, and the lack of information when transferring data from AutoCAD or
Revit to specification, or from DIALux to Excel. This kind of problem is losing time. As you
mentioned, probably in the future we will need more creativity-based projects, because this kind of
work will be made by Al very quickly. So we need to spend more time on conceptual thinking and
brainstorming. Even if it can be asked to Al, you are still the one giving the information. The human is
the starting point of everything — you cannot just put the project in and ask for a new design, because it
would have no value. You need to put your professional information in and combine it with your ideas,
and then it will make sense. I also had some visualisation tests. When you put your DIALux file into Al
and ask it to make a visualisation, it gives nice results — if you give some information about the
material reflection. Actually, we found it is more or less a good way to reflect.

Pernille Bech-Larsen: Which program did you use? Did you import just an image from DIALux, or
the actual file?

Interviewer: Just an image. We use it in the conceptual phase, because, as we talked, we don't want a
very clear or very realistic approach. So Al can be used in this space — maybe not in the very detailed
phases. My colleagues also agree with you about using it for reference images, because it takes a long
time to find reference images. You also said you do some sketches — I can show you very quickly if
you have time, because we just exceeded the planned time.

Pernille Bech-Larsen: I'll just check my calendar. It's fine.

Interviewer: [shares screen with examples of Al-generated visualisations]

VII



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design ~ 26.05.2025

Pernille Bech-Larsen: Now you also said this thing about specifications from DIALux into Excel — I
think that could be good. But I have a feeling that, at least on our projects, a lot of people just want the
DIALux documentation, you know? It is sort of industry standard. And DIALux itself has a lot of
parametric design features — you can already do different tests with moving things around. But it could
be nice to exchange text information.

Interviewer: This is a UX I made before, when I was working as a junior lighting designer before
starting the master's. The client asked us for three different alternatives, and I just wanted to see — what
would it be in real life? In terms of credibility, the original files are important. When you put the
architectural team's file with the DIALux output, even without putting in the material, it gives a real
scenario. It added some downlights, but in mine it was very small and not very strong. This is more
uniform, so in the following ones I could ask, "can you just keep this part, or reduce the brightness?"

Pernille Bech-Larsen: I see that you put "Al rendering" at the bottom, but you do not write which
program you used.

Interviewer: It's Nano Banana.

Pernille Bech-Larsen: Oh, okay. It says over there. I can show one more — I had a project where I put
some reference photos. When we handed it in, I realised one of my colleagues had written "Al
reference" in the corner, and I told him "no, it's not Al, it's an actual photo". But sometimes it can be a
bit hard to tell.

Interviewer: Definitely — we are in the phase where they can be mixed very easily. For my project, I
took a photo from the site. I made a very bad Al rendering one year ago, then I wanted to work on it
more, so [ asked Al to change it into a sketch. Then I asked to add some lighting — an architectural one
— and then to turn it into a night view. I described the design idea: there will be halo lighting. Then I
added some people and context, and made it a real rendering. It looked like an old factory, not very
realistic, so I put the real photo in again, because after a point it forgets the first data. You need to
remind it, and then it turned into something more realistic. But the thickness was really weird. So I
asked to add some thickness and glare protection, and at the end it was like that. Maybe for the first
phase it's enough, but still — we need to say "it is made by AI".

Pernille Bech-Larsen: I'm also thinking — you had a very clear idea in your head that you wanted
halos, right? You can also take a halo light photometric file and then test how the lighting comes out in
DIALux. But Al does not know that. In a program like Lumion you can upload IES files — but in
Enscape and Revit, it is not very accurate, at least in my experience. It looks very realistic with Al but
then we also have to see — is the lighting actually correct? That's why I use DIALux, because I want to
know how the lighting is actually going to be distributed in the space.

Interviewer: Definitely. It is another discussion. These are some of the capabilities. We also sometimes
need night sections — I did one based on a camera view, and I asked Al to make it feel real, but it is not
very high quality.

Pernille Bech-Larsen: Sometimes I have the feeling that to talk to the client, communication is even
better if it looks a bit less realistic — because then they start saying, "why is the shadow on that tree so
strong?" You never know what the client is going to say, but they will always ask something different
from what you expect. Sometimes I feel that hand sketches are good for the early phases because you
can show "this is the light, it is shining this way".

Interviewer: Yes.
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Pernille Bech-Larsen: I'm very curious to see what you end up with. Are you going to stay in Paris
until the hand-in?

Interviewer: Yes. Then I need to go back to Copenhagen, finish the degree, and defend my thesis.
Pernille Bech-Larsen: Do you use a lot of Al in your internship?

Interviewer: Normally I wasn't, but I talked to them about working on this, and sometimes they give
me tasks to experiment with. They are also curious about the result. There is also another research
where they are asking people: do you have any Al policy in your company?

Pernille Bech-Larsen: I feel like we do. We had three internal Al courses in our office. I attended one
of them — a two-day course arranged internally, where a colleague did some workshops and we had
external speakers come in and talk about what is happening. The aim was to align how we talk about it
in the office, how we work with it, and that we write when we use Al I don't know if it is written down
somewhere, but we had these three courses. It is a way to align how we work. The interesting thing with
Al is that from the first course to the third, a lot of things from the first course were already outdated —
it is going so fast.

Interviewer: Definitely. Thank you so much. Do you have any other questions for me?
Pernille Bech-Larsen: Yes — in your thesis, how do you define communication?

Interviewer: I am still working on it. I was planning to talk to an engineer as a client, because
architects tend to have a graphic understanding, but engineers are more technical. So I will also
interview one engineer client to ask what is more understandable for them. But it is hard to generalise
with one person.

Pernille Bech-Larsen: I agree. I feel that in the creative businesses, we tend to think we need to do
good layout and a nice storytelling and narrative to explain how something will feel. And maybe then
we have a collaborator who sends us a Word document — you know, no layout. So that is also

interesting — how to visually communicate between different disciplines. That is of course a different
topic, but it would also be interesting.

Interviewer: Yes. Thank you. It was nice to discuss the same criteria again. It was very valuable.
Pernille Bech-Larsen: It was very nice. I'm looking forward to seeing your thesis.

Interviewer: Thank you so much. Can I mention you with your full name, or how do you prefer?
Pernille Bech-Larsen: No, it is okay — you can mention me. It's okay.

Interviewer: Thank you so much for your participation and for your valuable answers. It is really
helpful for me, and thank you for contributing to the lighting design research.

Pernille Bech-Larsen: No problem. Have a nice day and good luck.

Interviewer: Thank you, you too. Have a nice day.
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C Transciption of Interview with Lumenloop

Interviewer: Hello Paul. First of all, thank you for your attendance. I will start with the consent
process. Do you consent to this interview being recorded and used for academic research purposes?

Paul Simmons: Yes, no problem. Welcome.

Interviewer: I will start with your role in the company. As far as [ know, you are the CEO and also the
founder.

Paul Simmons: Yes, that is correct.

Interviewer: Can you tell me a bit about your technological device within Lumen Loop and what kind
of role you took in terms of its invention during the process?

Paul Simmons: I have worked for lighting manufacturers previously. I started my career at a company
called Orluna, which manufactures high-end, small-aperture downlights in the UK. We sold into four-
to five-star hotel chains globally, but most of it was specified from London or the Middle East.
Consequently, I have had a lot of involvement with those consultants over the years.

Something we talk about regularly is the "specification path to pain." By that, we mean that when
selecting different luminaires, numerous problems, obstacles, and issues arise, whether related to lead
time or compatibility. Often, key information is omitted; something is ordered, but it is not quite
correct, and we only find out after it has been delivered and installation is attempted.

We are trying to alleviate all of those issues, and we determined that the best way to do so was through
Al Specifiers do not want to be sold to constantly; they want solutions to fix their problems or products
to bring out their schemes, but they do not always want to talk to a salesperson.

We considered how we could bridge that barrier when they have an inquiry or an issue, serving them
best without necessarily booking time in their diaries, as their time is valuable. This is how the idea
came about. We have a dashboard where we keep track of those inquiries, which shows how they are
using our Al to improve or refine their specifications.

Interviewer: Do you have an exact starting date for this development process?

Paul Simmons: For the Al specifically, it has been in the making for roughly two years, but it reached
its current point within the last year. The first year functioned primarily as a beta phase for testing
through trial and error. For example, if someone asked where our showroom was located, the system
would automatically default to a small sales office in London, where we do not want people visiting.

Sometimes it would provide erroneous information. To address Al's propensity to hallucinate and
manufacture data, we adjusted the "creativity index." Whenever you design an Al agent, there is a
setting called the creativity index; we scaled that right down to the bottom. Consequently, it is highly
accurate with product information. If it does not know something, it states that it does not know, rather
than attempting to fabricate an answer.

Interviewer: That is very important. You already answered my next question regarding the specific
problem or gap you are aiming to address with this system, which relates to specification problems.
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Paul Simmons: Absolutely. We are trying to make it easier for them because there is an invisible
barrier between a concept and approaching a manufacturer's representative for information. If they can
go to the website, type in their query like they would with any Large Language Model (LLM), and get
instant responses, we are offering upfront value without asking for anything in return.

Engagement rates across websites globally have dropped, likely due to platforms like TikTok and
shorter attention spans. We are trying to cater to the younger generation of lighting professionals, rather
than those who avoid Al because they fear it might take their jobs.

Interviewer: How has this system impacted efficiency in your workflow? Are you also using this
system internally?

Paul Simmons: Yes, I use it regularly. When specifying one of our products, there are numerous
variables: the lumen package, the color temperature, the beam angle, the dimming protocol, and any
accessories. We have around 90 product families, but each can be configured with various permutations,
leading to over 40,000 different product permutations. I do not want to physically cross-reference
everything to check compatibility.

I frequently go to our chatbot to ask questions. A classic example involves contractors who have an
existing hole in a ceiling for a downlight. They do not want to cut a new hole, so they need to find a
product with the perfect cutout size. A fast way to locate this is to ask the chatbot if we have any
downlights with a 62-millimeter cutout, and it delivers the answer instantly. It would otherwise take me
hours to find that information by trawling through all of our various downlights and variations. It is a
massive time saver for both our customers and us.

Interviewer: What kind of feedback have you received from your users or clients so far?

Paul Simmons: It has been mostly positive. There are occasional errors, such as directing people to a
sales office instead of a showroom, but on the whole, it has increased dwell time on our website. When
looking at SEO and web traffic, keeping people engaged on the website builds domain authority and
trust with search engines.

We also feature standalone tools like lighting calculators, including a lux level estimator and a lumen
calculator. These complement the Al rather than competing against it.

Interviewer: Only the chatbot uses Al, while the rest are basic calculations, correct?
Paul Simmons: Yes, that is absolutely correct.
Interviewer: What are the current limitations or weaknesses you see in this system?

Paul Simmons: The main limitations are time and training. I need to review the backend inbox to
evaluate the conversations. This process is completely anonymous, with no names or credentials visible
unless submitted by choice. It is an iterative process.

For instance, a user might ask how many lux they need in an office with a specific ceiling height. The
Al might provide a direct answer, whereas we want it to also suggest a corresponding product within
that lumen range, rather than just giving the range and allowing them to look to a competitor.

I would like it to recommend more products and extract more information. Users do not always provide
as much data as we need to match a product, which is a key limitation because the Al does not possess
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independent agency or free will; we must program it precisely, and we are still learning how to optimize
that.

Interviewer: Are you the sole person implementing these changes and developments, or do you have a
team?

Paul Simmons: We have a team, but I personally manage most of the website and the chatbot itself.
Interviewer: Did you build it from scratch, or are you using a support system as a framework?

Paul Simmons: We are using an infrastructure support system called /nsert Chat, which was created by
a French founder. We purchased it some time ago and adapted to its various backend dashboard and Ul
changes. It performs well. While we could design a standalone chatbot, it would lack many of the
functions available within this existing framework, or "Al wrapper," which is much easier to implement
than building from scratch.

However, we encountered an issue where the chatbot reloads the page upon activation. Because of this,
we have turned it off on several main pages, and it is currently active only on Al-specific pages. We are
considering whether to bring it onto the product pages and other main areas of the website based on
where it serves the most value.

Interviewer: Is it your vision for the future to implement Al across every part of your company and
workflow?

Paul Simmons: Al is ubiquitous now across almost every industry. The construction industry as a
whole—not just lighting—is historically slow to adopt new technology because lead times are critical,
projects are highly price-sensitive, and the market is risk-averse.

As far as I am aware, I do not see direct competitors using Al in their lighting companies yet, so we are
among the first to market with an active solution. Other companies are looking at Al-driven lighting
design, but we are not attempting that. We prefer to leverage what Al is currently best at: parsing large
volumes of information and producing summaries. We do not want it executing lighting designs or
emergency lighting layouts; I believe humans should still perform those tasks.

Interviewer: From the perspective of lighting designers, do you think Al will affect their creativity in
the future?

Paul Simmons: I do not trust Al to perform creative or artistic tasks. If you require a standard layout,
such as rows of 600-by-600 panels in an office for a basic lux calculation, Al is sufficient. Where it
cannot replace a human designer is in crafting atmosphere, ambience, and human emotion. Al lacks an
understanding of those elements
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2026)

D Transciption of Interview with Valentina OZbolt and Ali Alsamawi (16 April

Interviewer: I am studying lighting design in Copenhagen, and currently, I am doing my internship in
Paris as part of my master's degree. My research focuses on Al in lighting design and how it affects
communication with clients and designers, specifically in terms of positive impacts on efficiency. To
give a brief background, I am an interior architect and lighting designer from Turkey. If you have any
questions about my research, I would be happy to answer them.

Valentina Ozbolt: Great. | mean, you have explained everything clearly. We can introduce ourselves as
well.

Ali Alsamawi: Yeah, just a quick note. Is there background noise?
Valentina OzZbolt: Yes, there is some noise. If you could just reduce it.
Interviewer: Sorry about that, I can mute my microphone when I am not speaking.

Valentina Ozbolt: No problem. I do not know how much you have checked about what we are doing,
so [ will provide a brief introduction from my side, and then Ali can introduce himself. Principally, I am
an architect, interior designer, and engineer of architecture and urbanism from Croatia. This project
originated from a specific pain point that we, as users, experienced. I am a co-founder of this platform
alongside Ali and a third co-founder. We met in London, where this idea first started. We realized how
difficult it is for architects and designers to search for licensing and technical information regarding
lighting. If they are not collaborating directly with lighting designers, sourcing this data becomes a
significant challenge. To address this, we wanted to create a platform similar to ArchDaily but focused
exclusively on lighting projects. Today, we have built a comprehensive database containing over 20,000
projects and more than 250 brands. We integrate Al functionality into this system to provide users with
a clear direction. Additionally, we developed an Al Studio for lighting design. This tool is not intended
to replicate or replace professional lighting software; rather, it is designed for architects, interior
designers, and beginners—such as students—who need to visualize lighting concepts initially without
paying for expensive software subscriptions. It allows you to communicate ideas quickly to colleagues
or investors. Essentially, it serves as a discovery tool combined with an Al-driven visualization
software. We connected these two aspects. I will let Ali continue so that I do not take up all the time.

Ali Alsamawi: Thank you, Valentina. My name is Ali, and [ am the co-founder of Arch Leure. As
Valentina mentioned, the core concept is to allow users to explore lighting projects and products
efficiently, while providing a tool to reimagine spaces for individuals who may lack extensive
experience in lighting design. We aim to give them the opportunity to engage with the lighting design
world. Moving forward, we plan to expand this concept with more advanced Al tools. We are very open
to discussing this regarding your thesis and answering your questions. If you would like to record this
session, you are welcome to do so.

Interviewer: Okay, thank you so much for the introduction. It is wonderful to communicate with
professionals developing these kinds of innovations in the industry. Your insights are very valuable to

me.

Ali Alsamawi: To clarify, this recording will be used strictly for your thesis purposes, correct? It will
not be published on public platforms like YouTube?
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Interviewer: Yes, definitely. This is exclusively for my thesis. If you prefer to remain anonymous, I
can use just your initials in the text.

Ali Alsamawi: No, that is fine.
Valentina OzZbolt: No, it is perfectly fine. You can use our names.

(Brief technical discussion regarding enabling the recording function and screen sharing permissions
on the platform)

Ali Alsamawi: Have you had the time to explore our platform yet, Denise?

Interviewer: Just briefly. I reviewed it initially, and after your explanations, it will be much more
meaningful for me to evaluate it in detail. If you have specific suggestions on which parts I should focus
on, that would be very helpful.

Valentina OZbolt: Ali can share his screen and walk you through the website so you can understand the
structure better.

Interviewer: That would be excellent, because my questions are general and focus on the development
and conceptual process behind this invention.

Ali Alsamawi: This is our platform interface. Our homepage is structured into three main components:
Al Studios, Projects & Products, and Resources (which include tools and e-books), followed by the
About section. When you open the homepage, the primary focus is on projects and products. In the
project section, you can search for specific space types such as offices, restaurants, or retail spaces. In
the product section, you can search either by uploading an image or by typing text related to materials,
brands, or specific lighting types, like chandeliers. If you scroll down, you will see a brief overview of
our Al Studio, which demonstrates different lighting moods, such as "golden luxury," "warm cozy," and
"modern cool," using various design examples.

Valentina Ozbolt: We structured it this way to guide users on how different color temperatures affect a
space. For the examples, we utilized 3000K, 2700K, and 6000K settings so people can visualize the
distinction.

Ali Alsamawi: Exactly. We have highlighted selected projects and iconic designs on the homepage,
along with the educational e-books. Let us navigate to the project section. Is there a specific category of
lighting design project you are currently interested in for your research?

Interviewer: Yes, we can try searching for a museum.

Ali Alsamawi: When you search for a museum, the platform generates an "Al Design Insight." This
feature provides professional advice regarding the atmosphere, technique, and practical approach tips
for that specific category. As the search populates, you will see museums from various parts of the
world. For instance, here is a maritime museum project featuring the brand Fritz Hansen. If you wish to
learn more, you can click on it.

Valentina Ozbolt: Essentially, we connect the project directly to the specific brands, companies, or
lighting designers responsible for the execution. Normally, when you find a project image on platforms
like ArchDaily or Pinterest and run it through Google Lens, it rarely identifies the exact luminaire or
technical specification. It is historically very difficult to determine who is behind the lighting data of a
project.
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Furthermore, for commercial, healthcare, public, or hospitality projects, compliance with strict health
and safety regulations is mandatory. Designers cannot use uncertified brands as they might in residential
projects. Therefore, we built this platform for professionals to provide a direct, credible link to licensed
companies that meet these industry requirements. You can filter the results as Ali is showing you now.

Ali Alsamawi: Since you are based in Paris, you are likely familiar with this next project: the Centre
Pompidou. If there are multiple lighting companies involved in a large-scale project, the platform
indexes them, allowing you to review the individual manufacturer pages and specified products.

Interviewer: While the platform populates the results, I would like to ask a question regarding your
development process. When you started this project, did you define the categories manually, or did you
use Al-based suggestions to establish classifications like residential, commercial, and cultural?

Valentina OzZbolt: We designed the complete structural skeleton of the webpage ourselves based on
professional architectural workflows. Following that, we extracted and mapped data from available
industry sources. The lighting industry is currently highly fragmented; presentation templates vary
wildly between manufacturers and designers, and technical data or imagery is frequently missing. We
had to manually connect these data points to build a cohesive database.

Ali Alsamawi: While we have strong coverage across Europe, the US, and the Middle East, we are
continuously expanding daily to eliminate geographical data gaps in regions like Japan and Korea. As
another example, if we search for hotels, you can see the Bulgari Hotel in Rome.

Valentina Ozbolt: Which was executed using Flos fixtures. The platform guides you directly to the
manufacturer's technical specifications.

Ali Alsamawi: Correct. It lists the exact products used—such as surface lights or downlights—allowing
you to review the specifications or initiate a non-binding inquiry if the product is custom or bespoke, as

seen in this American hotel project in Kansas City. This serves as a direct source of technical inspiration
for designers.

Valentina OZbolt: Beyond decorative and architectural lighting, we also cover large-scale
infrastructure projects. Ali, could you demonstrate the infrastructure category? This includes petrol
stations, airports, tunnels, and transportation projects like yachts or ferries.

Ali Alsamawi: Yes, even if a highly specific category is not explicitly listed in the main navigation,
users can type it into the search bar—such as a metro station or tunnel—and the system will retrieve the
relevant engineering projects and luminaire specifications.

Interviewer: This is a highly efficient feature. Looking at your development roadmap, what are your
planned next steps for the coming year?

Valentina OzZbolt: At present, our Al Studio is tailored primarily toward beginners, architects, and
interior designers. We are currently developing advanced Al tools designed for industry professionals
and technical lighting engineers. Additionally, because we are building the largest centralized database
in the industry, we plan to track anonymized search data to provide insights back to the lighting market
regarding what specifiers are actively searching for. Beyond software, we are expanding into industry
podcasts and organizing professional networking events. We view our platform as a functional
translator between architects, interior designers, engineers, and manufacturing brands.

Interviewer: That integration is crucial right now because while other design sectors are advancing
rapidly with Al, the lighting design industry has remained quite fragmented. This is an excellent
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initiative. Regarding efficiency, how much time or percentage-wise does this platform save a designer
during the specification workflow?

Valentina OzZbolt: It saves an immense amount of time—potentially weeks of manual research.
Historically, architects spend weeks scrolling through disconnected catalogs, often without finding
verified technical data or experiencing poor communication from regional distributors. Sourcing
reliable specifications for international projects, such as in the Middle East, is incredibly time-
consuming. Our platform establishes a centralized baseline of credibility, eliminating those extensive
email threads and data uncertainties.

Interviewer: As the designer responsible for the user interface (UI), what core principles did you
prioritize to facilitate this communication? You mentioned aligning the structure with familiar platforms
like ArchDaily.

Valentina OZbolt: We intentionally adopted a familiar search architecture so that professionals do not
face a steep learning curve. Our primary objective was to maintain a clean, minimal interface that
directly guides the user to the technical data they need, intentionally omitting extraneous articles or
advertising clutter. From the interface, a user can instantly request CAD or BIM files directly from the
manufacturer.

Ali Alsamawi: Let us review the execution of the Al Studio. You can select a template or upload your
own architectural render or spatial photograph. If you request "Professional Advice," the Al analyzes
the space and generates immediate layout recommendations, such as incorporating LED linear profiles
or adjustable gimbal spots. From there, you can digitally position fixtures onto the ceiling, scale them,
and adjust parameters such as beam angles, light distribution directions, and color temperatures.

Interviewer: Visualizing these elements directly within the space is incredibly beneficial. Normally,
designers must look at a product catalog and mentally calculate how the illumination will behave within
the room.

Valentina OZbolt: Exactly. It is highly challenging in interior design to accurately communicate the
atmosphere and real feeling of light to a client using traditional static 3D rendering packages without
spending hours tweaking parameters. In the Al Studio, you simply select your desired lighting mood,
and the system renders an estimation of the final result—including realistic reflections—in seconds. If
you utilize fixtures from our integrated catalog, the tool automatically compiles a list of the exact brands
and products used, which you can save and export for your clients or design teams.

Ali Alsamawi: Additionally, under our resources section, we have integrated a lighting calculator.
Users can input specific room dimensions and surface wall colors—ranging from light beige to dark
dark finishes—and the calculator computes the exact total lumen output and number of fixtures required
to achieve target lux levels.

Interviewer: This effectively minimizes unnecessary administrative tasks. Sourcing fixtures manually
takes up a significant portion of a designer's workflow, so having these tools centralized is excellent. As
a piece of feedback, it would be wonderful if the Al tool could automatically identify the specific
luminaire model from a user's uploaded photograph.

Valentina OzZbolt: We actually have that feature deployed. Ali, can you demonstrate the visual search
function?
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Ali Alsamawi: Yes, our visual search tool operates similarly to a dedicated Google Lens for lighting.
You can upload an image of any physical product, and the algorithm analyzes its form and aesthetics to
match it with identical or visually similar certified products within our database.

Interviewer: Perfect. The platform is incredibly well thought out. It is evident that your team possesses
deep industry experience, allowing you to execute user research intuitively based on your own
professional backgrounds.

Valentina OZbolt: What might be relevant for your thesis analysis is that we are fundamentally
architects and engineers rather than traditional lighting manufacturers. Because we approached this
from the consumer's perspective, we were able to map out this specific ecosystem to solve a genuine
operational pain point. Please feel free to reach out as you begin your testing phase this weekend, and
we will happily answer any follow-up questions.

Interviewer: Thank you. My testing will involve comparing current digital design workflows. Your
platform is currently the most developed system I have analyzed for integrated luminaire sourcing. My
thesis submission is at the end of next month, so I am moving quickly through these experiments to
analyze how tools like ChatGPT, specialized databases, and Al studios can compress the conceptual
design timeline.

Ali Alsamawi: Have you encountered any platforms offering a similar scope of features during your
literature review? It would be highly interesting for us to see how other developers are approaching user
experience in this domain.

Interviewer: There is a developing platform based in the UK that utilizes an Al chatbot to assist with
sourcing, but it is currently in a closed beta phase and not open to the public.

Ali Alsamawi: If it is the platform I am thinking of, they focus strictly on commercial LED distribution
for their own proprietary product catalog, rather than hosting a generalized, multi-brand architectural
index.

Interviewer: Yes, that is correct; they only source their own products. Additionally, large generalized
architecture platforms have recently attempted to integrate Al search filters, but their databases lack
localized and specialized international brands. That is why your extensive cross-border database is
unique.

Ali Alsamawi: Yes, we have successfully indexed specialized brands across both major design hubs
and smaller nations—including Turkey, Greece, Serbia, and Croatia—ensuring a truly global coverage
that other platforms lack. They also tend to focus heavily on industrial or outdoor commercial spaces
without providing detailed contextual project examples. That distinction in project-based sourcing is the
core value we are introducing to the market.

Interviewer: Thank you both so much for your time and for this insightful presentation. It has been a
pleasure meeting you, and I look forward to keeping in touch as my research progresses.

Valentina OzZbolt: It was a pleasure meeting you as well. Good luck with your thesis, and let us stay in
touch.

Ali Alsamawi: Thank you, Deniz. Have a great day and take care.
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E Original prompts
E.1 Original prompt to put it on Claude:

“2200K light, more light on top of the church getting less to the bottom -gradual light, on the ground
general lighting reflected from the church facade but still less, atmosphere is sunset but enough to see
the artificial light, light projected from an unseen source from the front view so we don’t see any light
source on the facade, only apply brightness settings homogenously gradual on the facade without light
source, turn this photo into night photo during the sunset (it is a morning photo), add some people
walking around, consider light and shadow effect, the sun goes down from the back of the church so
when the facade is started to be enlightened by the artificial light, the background will be like a sunset,
keep the facade and context how it is before.”

E.2 Claude prompt for Visualization:

“Architectural lighting concept visualization. Source photograph:
daytime exterior facade of Eglise Saint-Denys de I'Estrée,
Aubervilliers, France. Transform this into a dusk-to-night scene.

LIGHTING SETUP:

Artificial facade illumination at 2200K warm amber tone.

Light source positioned frontally and below the frame —

no visible luminaire or fixture on the facade surface.
Homogenous luminance gradient applied to the facade:
maximum brightness at the crown and upper third of the facade,
gradually decreasing toward the base. Ground plane receives
soft reflected ambient light from the illuminated facade,

but remains visibly darker than the facade itself.

SHADOW AND LIGHT BEHAVIOUR:

No cast shadows from a visible source on the facade surface.
Gradual luminance falloff following inverse square law from
top to bottom. Stone texture remains visible through the lighting.

SKY AND ATMOSPHERE:

Sun has set behind the church (behind the facade from viewer
perspective). Background sky shows a warm sunset gradient —
deep amber and magenta at horizon, transitioning to deep blue
at zenith. Artificial light on facade is clearly readable

against the darkening sky. Twilight / blue hour atmosphere.

CONTEXT:

Add a small number of pedestrians (4—6 figures) in the
foreground and middle ground, in natural walking poses,
to establish human scale. Keep all architectural details,
facade geometry, and surrounding urban context identical
to the source photograph.
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Photorealistic architectural photography style.
No HDR glow effects. No lens flare. No overexposure.’

s

E.3 Prompts for visualization by ChatGPT.

Original:
“Artificial facade illumination at 2200K (warm amber), evoking sodium/low-CCT LED architectural
lighting.

Light is emitted from a broad, diffuse frontal source positioned outside the frame, aligned with the
camera axis.
No visible luminaires, fixtures, or light sources on or near the facade.

Facade illumination is uniformly distributed with a controlled vertical luminance gradient:

Peak luminance at the crown and upper third

Smooth, continuous falloff toward the base

Falloff follows a physically plausible attenuation (inverse-square-inspired but visually moderated for

uniformity)

Lighting is soft and diffuse, producing:
No hard cast shadows
Only minimal, soft micro-shadowing within surface relief to preserve depth

Facade material (stone) maintains: Visible texture, roughness, and micro-contrast
No overexposure or clipping in highlights
Realistic reflectance (matte to semi-matte, no specular hotspots)

Ground plane: Receives indirect reflected light (bounce light) from facade
Remains noticeably darker than facade
Soft ambient fill, no direct illumination

Sun fully set behind the building (backside relative to viewer)

Twilight / blue hour condition

Sky gradient:

Deep amber + magenta near horizon

Transitioning smoothly to deep blue at zenith

Artificial facade lighting is clearly dominant and legible against the darker sky

Foreground and human scale:

Include 4—6 pedestrians, casually distributed in foreground and midground
Natural walking or standing poses

Slight motion blur (subtle) for realism

Lit primarily by ambient spill light, not directly spotlighted

Camera and rendering style:

Photorealistic architectural photography

Physically accurate exposure (no HDR look)

No bloom, no glow, no lens flare

Balanced dynamic range (facade brightest element, sky secondary)

Maintain original perspective, geometry, framing, and urban context exactly as source image”
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Shortened:
“Artificial facade illumination at 2200K warm amber.
Light from a diffuse frontal source outside frame, no visible fixtures.

Smooth vertical luminance gradient: brightest at crown/upper facade, gradually decreasing
toward base (physically plausible falloff).
Soft, even lighting with no hard shadows, only subtle surface shading.

Stone texture remains visible, no overexposure.
Ground plane receives soft reflected light, darker than facade.

Sunset behind building. Twilight sky: amber/magenta horizon — deep blue zenith.
Facade lighting clearly dominant.

Add 4-6 pedestrians, natural poses, subtle motion blur, lit by ambient spill.

Photorealistic style.
No HDR, no glow, no lens flare.”

E.4 ChatGPT prompt for Luminaire Finder:

88 Critical Design Analysis

Facade Readability (MOST IMPORTANT)

A facade needs uniform luminance distribution

Only Martin Wash Pro is designed specifically for this

— It provides even wall washing, avoiding patchy lighting
7 Winner: Martin Exterior Wash Pro

Beam Control vs Coverage

LIGMAN — fixed beam — limited flexibility

ERCO — extremely precise but too narrow for surfaces

Martin — multi-lens system (8°-54°) — adaptable to facade scale

& Winner: Martin (best balance of control + coverage)

Lighting Hierarchy Capability

ERCO — excellent for details (statues, towers)

LIGMAN — decent accent, less refined

Martin — builds the base layer of lighting hierarchy

(G Important: fagade lighting always starts with base layer first

Output vs Efficiency

Martin delivers higher usable facade illumination with similar wattage
ERCO is inefficient for large surfaces

LIGMAN is underpowered for full facade

& Winner: Martin

Outdoor Durability & System Integration
Martin:
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IP66 + IK0S + C5 corrosion — top-tier exterior rating
Full DMX/RDM ecosystem

Others:

Good, but not at same system level

& Winner: Martin

@ Final Professional Conclusion
8 Best Luminaire for Architectural Facade Lighting:
— Martin Exterior Wash Pro S Quad
Why:
Purpose-built for fagade washing
Uniform illumination (critical for architecture readability)
Flexible optics for different building scales
Strong control system for professional lighting design
High durability for permanent outdoor installations

@ Role of the Others (Important Insight)
LIGMAN LADOR 4
— Use for:
e Secondary accents
o Color effects on fagade elements
ERCO Beamer
— Use for:
e High-precision highlights (statues, ornaments, towers)
e Not for general fagade illumination

7 Best Design Strategy (Real Project Approach)
For a high-quality facade lighting project:
e Martin Wash Pro — Base layer (must-have)
e ERCO Beamer — Accent layer (premium detailing)
o LIGMAN — Optional dynamic color layer

E.5 Claude prompt for Luminaire Finder:

Verdict: Best for Architectural Facade Lighting
Martin Exterior Wash Pro S QUAD is the strongest all-round choice for architectural fagade
work, for five reasons:

Output where it matters. 1,800 Im at 51 Im/W gives the throw and saturation needed to graze
tall or large facades; the colour-boost circuitry produces saturated mixed colours noticeably
brighter than its rated white output suggests.

Real colour control. A dedicated 1000—12,500 K CCT channel on the black-body curve lets
you tune warm-stone vs. cool-glass facades precisely — neither ERCO (fixed warm-white) nor
LIGMAN (RGBW40 only) offer this.

Environmental robustness. IP66 + IK08 + C5-High corrosion + —30 °C operation make it
specifiable for coastal, industrial, or alpine sites where ERCO's IP65/IK07 and the LIGMAN's
unrated corrosion class are riskier.
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DMX/RDM is the architectural standard. For facade washes you almost always want show-
control integration; DMX + RDM with 16-bit dimming and magnetic-sensor commissioning is
exactly that. Casambi (ERCO) is elegant for boutique installs but harder to scale across a
building.

Beam discipline + 5-year warranty. The 8° native beam with optional 10/16/30/54° and
9°x56° asymmetric lenses gives you both vertical grazes and wide washes from one fixture
family, and the warranty is the only one explicitly stated.

When to pick differently:

Choose ERCO if the project is a refined, low-key facade (historic buildings, hospitality,
museums) where you need wallwash optics, colour filters, and subtle Casambi control rather
than full DMX show capability. ERCO's lens/filter ecosystem is unmatched for nuanced
lighting design — just accept the lower output and higher cost per lumen.

Choose LIGMAN for budget-driven projects outside the EU where DMX RGBW at 1,431 Im is
sufficient and the limited optics aren't a constraint. It's the lightest fixture and competitive on
efficacy, but the lack of stated warranty, corrosion class, and lens variety makes it a weaker
choice for premium or harsh-environment work.

E.6 Claude generated prompt for SPEC and BOQ:

I am uploading a luminaire spec sheet PDF from the manufacturer. Please do the following
automatically:

Extract these fields from the PDF:

Luminaire code (use L-01 if none found), brand, model name, wattage (W), CCT (K), CRI,
luminous flux (Im), beam angle / optics (°), IP rating, mounting type, dimming protocol, weight
(kg), dimensions (mm), LED lifetime (h), UGR rating, MacAdam step, Rf, Rg, body colour,
optic colour, certifications, whether driver is included or must be ordered separately, location
if mentioned, and any additional technical notes.

Also extract the product image from the PDF (page I thumbnail or any product photo present).

FILE 1 — Excel BOQ

Create a .xlsx file with one sheet titled "Bill of Quantities" using openpyxl.

Row 1: Title "BILL OF QUANTITIES — LIGHTING", merged across all columns, navy
background (#1B2A4A), white bold Arial 14, height 30.

Row 2: Today's date, grey italic Arial 9.

Row 4: Freeze this header row. Columns: Item No, Code, Brand, Model / Description, Unit,
Qty, Unit W (W), Total W (W), Unit Price (€), Discount (%), Net Unit Price (€), Total (€).
Header style: navy background, white bold Arial 10, centered, text wrap.

Data rows starting row 3:

Oty default = 1

Total W = Qty x Unit W as Excel formula

Net Unit Price = Unit Price x (1 — Discount/100) as Excel formula

Total = Qty x Net Unit Price as Excel formula

Unit Price and Discount columns: light blue background (#EEF2FF), blue font — user fills
these after download

Light grey background (#F5F5F5) on all other data cells, thin borders on all cells
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After all data rows add four summary rows:

SUBTOTAL = SUM of Total column

VAT 20% = Subtotal x 0.20

GRAND TOTAL = Subtotal + VAT — gold background (#C8A96E), bold
TOTAL INSTALLED POWER (W) = SUM of Total W column

Footer: "Blue cells = user input. Enter Qty, Unit Price and Discount (%) to calculate totals
automatically.”
Run recalc after saving. Save as: BOQ [BrandName] [ModelName].xlsx

FILE 2 — A3 Specification Sheet PDF

Create a vertically oriented A3 PDF (297 % 420 mm) using reportlab. Use only built-in fonts
(Helvetica, Helvetica-Bold). Do not use Unicode subscript/superscript characters — use plain
text equivalents instead.

Layout top to bottom:

Header strip — full width, navy background (#1B2A4A), height 28mm.:

Left: "LUMINAIRE SPECIFICATION SHEET" in white Helvetica-Bold 16
Right: Today's date in white Helvetica 9

Product identity block — full width, light grey background (#F5F5F5), height 22mm, padding
Smm:

Large text: Brand + Model name, Helvetica-Bold 20, navy colour
Below: Luminaire Code in Helvetica 11, grey

Two-column section — below identity block, full width, height 120mm:

Left column (40% width): Product image extracted from the PDF, centered, max height
110mm, with a thin grey border around it. If no image is found, draw a grey placeholder
rectangle with the text "No image available".

Right column (60% width): Technical data table — two sub-columns (label / value). Rows:
Wattage | [value] W

CCT | [value] K

CRI | [value]

Luminous Flux | [value] Im

Beam Angle | [value]®

IP Rating | [value]

Mounting | [value]

Dimming | [value]

Weight | [value] kg

Dimensions | [value] mm

Lifetime | [value] h

Driver Included | Yes / No

Label cells: Helvetica-Bold 10, navy text. Value cells: Helvetica 10, dark grey. Alternating row
backgrounds: white and #F5F5F5. Thin grey borders.

Gold divider line — full width, 2mm height, gold (#C8A96E)

Additional details block — full width, white background, padding 8mm:

Section title "PHOTOMETRIC & QUALITY DATA" in Helvetica-Bold 11, navy, underlined.
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Two-column label-value layout continuing with: UGR, MacAdam Step, Rf, Rg, Body Colour,
Optic Colour, Certifications.

Notes block — full width, light grey background (#F5F5FS5), padding 8mm.

Title "NOTES" in Helvetica-Bold 10, navy.

Notes text in Helvetica 9, dark grey, wrapped.

Footer strip — full width, navy background, height 14mm:

Left: "Generated by LightSpec AI" in white Helvetica 8

Right: Manufacturer name in white Helvetica 8

Save as: SPEC_[BrandName] [ModelName].pdf

ChatGPT

BILL OF QUANTITIES — LIGHTING

20260514

tem No Model / Description Qty Unit W (W) Total W (W)  Unit Price (€) Discount (%) Net Unit Price (€) Total (€)
1jL-01 Martin_ Exterior Wash Pro $ Quad pes 1 35 35 0 0
SUBTOTAL )
VAT 20 0
GRAND TOTAL o
TOTAL INSTALLED POWER (W) 35
Blue cells = user input. Enter Qty, Unit Price and Discount (%) to calculate totals automatically
Claude
BILL OF QUANTITIES — LIGHTING
Discount
tem No| Code Brand Model / Description Unit Qty | UnitW (W) | Total W (W) | Unit Price (€) 0 Net Unit Price (€) Total (€)

Exterior Wash Pro § Quad — Outdoor RGBW Wash, IP66, = = |
a o 5 35 0,00 0,
Lo Martin DAOUROM, 5. waranty pes 1 3 3 €000, 0,00 €0,00, €0,00;

SUBTOTAL €0,00

VAT 20%  €0,00

GRANDTOTAL  €0,00

TOTAL INSTALLED POWER (wl. sBwW

ChatGPT Claude

LUMINAIRE SPECIFICATION SHEET Moy 14, 2000

Martin — Exterior Wash Pro S Quad

LUMINAIRE SPECIFICATION SHEET 2060514

Martin Exterior Wash Pro S Quad

Luminaire Code: L-01

PHOTOMETRIC & QUALITY DATA
uGR: e

Boa,
PHOTOMETRIC & QUALITY DATA Cw
UGR Not speciied
MacAdam Step 1-stop
Rt Not speciied noTES
Rg Not speciied
Body Colour Traffic grey RALT042 / Traffic white RALIO16
Optic Colour RGBW

Centifications

NOTES

IEC 60598-2-5, EN 60598-2-5, UL1598, UKCA, RCM, BIS

Outdoor-rated quad color wash light with RGEWY LEDS, IPBG/IK0S, color boost technology, 5year warmanty, magnetic sensor diagnostics.

LALTIIVI YvadIiiriv Wattage =W -
OUTDOOR-RATED QUAD COLOR WASH LIGHT ccr 1000K - 12500K T
CRI >70 cRi
Luminous Flux 1800 Im T
Boam Angle & natve 10°/16'/30° 1 54°/ 966"
 Raling — Beam Angle 8 dog (el 101160545056 deg o cptons
Mounting Adustabie bracket » Ratng e
Dirnming DMX, ROM
Weight kg
Dimensions 141 x 155 x 236 mm DX 10N ©-100% o "
Litetime 100000
Driver Included Inchuded .
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E.7 Participant 08 - ChatGPT Chat History:

Participant 08 ChatGPT entry on 30 April 2026:

“HI I need to create a concept for this church. I have attached relevant materials. Firstly, a

picture of the church and how it looks Secondly, I have attached a vocabulary with different categories
that has to be put into a formula that i have also attached. What i need is a proposal in the night as it
would be mostly visible. This is for a client and I have attached the clients needs underneath in a
description. Before coming up with a render or photo of the church could you come up with the formula
that is the most accommodating to the client and then i will edit it afterwards?”

Participant 08 ChatGPT response on 30 April 2026:

Great—this is a clear and well-structured brief, and your constraints are actually very helpful in shaping
a strong concept. I’ll translate the client’s intentions into a single coherent lighting formula (night
proposal), using your taxonomy and making sure it aligns with:

no fixtures on the facade

emphasis on the bell tower (visible from afar)
stronger hierarchy on the main facade

low disturbance / dark-sky compliant

adaptable atmospheres (weekday / weekend / events)

Participant 08 ChatGPT response on the given entry to “do a short description of the concept the brief”
30 April 2026:

“This concept proposes a warm, accent-driven nighttime illumination that enhances the church's
identity as a welcoming civic landmark. Soft, carefully directed lighting highlights the architectural
relief of the main fa¢ade while preserving gentle shadows to maintain depth and authenticity. The
bell tower is subtly emphasized as a vertical focal point, ensuring visibility from a distance without
overwhelming the structure. The overall atmosphere is calm, inviting, and respectful—balancing
monumentality with human-scale comfort—while maintaining a photorealistic, contemporary

lighting approach aligned with modern urban values.

”

J Proposed Core Lighting Formula (Baseline Concept — Night)

[1. Space]
religious / heritage / stone fagade / urban square context / open plaza

+ [2. Light layers]
ambient: soft indirect fill from ground plane

XXV



Prompting Light: A Workflow Analysis and a Framework for GenAl in Architectural Lighting Design

accent: directional fagade wash (grazing) + tower emphasis (focused verticality)
decorative/focal: subtle crown illumination on bell tower openings

+ [3. Colour temperature]
warm (2700K—-3000K, soft amber-white)

+ [4. Shadow]
soft shadows + gradual falloff + predominantly front-lit with slight side-grazing

+ [5. Atmosphere]
welcoming / serene / monumental + medium contrast + night (early evening to late night) + layered
depth (facade brighter than surroundings, tower as vertical landmark)

+ [6. Render style]
architectural photography / photorealistic render
® Why this formula fits the brief
1. Respecting architecture
e Grazing light enhances the stone texture and relief details without flattening them

o Keeping shadows soft avoids harsh theatrical effects inappropriate for a civic-religious
building

2. Bell tower as landmark
e Vertical emphasis (brighter + slightly more focused) creates long-distance visibility
e Crown lighting inside openings avoids lighting the roof while still giving presence
3. No fixtures on monument
o All layers assume remote/projected lighting from ground or surrounding poles/buildings
e Grazing angles achievable from perimeter positions
4. Dark sky + residential comfort
e  Warm color temperature (<3000K)
e Controlled beams, no upward spill
e Soft ambient base avoids over-illumination
5. Hierarchy (main fagade vs others)
e Main fagade = highest luminance + layered lighting

e Secondary fagades = reduced to mostly ambient + minimal accent
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6. Welcoming public realm
e Indirect ground-reflected ambient light supports pedestrian comfort

e No glare, no harsh contrasts at eye level

§ Built-in Flexibility for Future Variations

This base formula is intentionally neutral but structured, so you can easily adapt it into the three
required modes:

e  Weekday: reduce contrast + dim accent layers
e  Weekend: increase fagade brightness + slightly richer contrast

e Festive: introduce dynamic color accents (while keeping base warm tone)

«=- [f you refine this

When you edit, the most impactful tweaks will be:
e adjusting contrast level (Atmosphere section)
e modifying accent intensity on the tower

o slightly shifting color temperature (e.g., warmer for intimacy vs neutral for modernity)

If you want next step, I can:
e  break this into 3 separate formulas (weekday / weekend / event)

e or translate this into a visual lighting diagram / rendering prompt for image generation.
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F Specifications

F.1 Luminaire Comparison PDF : ERCO Beamer Projector
https://www.erco.com/en/products/outdoor/projectors/beamer-7940/

ERCO

A4001093 Graphit m

LED module: 32.6W 2589Im red, green,
blue, warm white

Casambi Bluetooth

Version 3

Construction size L

Darklight lens flood

Product description

Housing and swivel joint:
corrosion-resistant polymer, coated.
Optimised surface for reduced
accumulation of dirt. Hinge with
internal wiring, 90° tilt. Dial:
corrosion-resistant aluminium.
Mounting plate: polymer, coated.
Rotatable through 330°.

2 cable entries. Through-wiring
possible. 3-pole terminal block:
ERCO Casambi control gear.

LED module: high-power LEDs. Color
mixer. Collimating lens made of optical
polymer.

Luminaire head with non-reflective
protective glass, corrosion-resistant
cast aluminium, no-rinse surface
treatment. Double powder-coated.

Technical data

Luminous flux of the luminaire
Connected load

Luminaire efficacy

Colour deviation

Colour rendition index

Lumen maintenance

LED failure rate

Dimming range

Dimming method

TLA (Temporal Light Artefacts)
LMF

Standby power per control gear
Luminaires per circuit breaker B16

Beamer Projector

D154

380

300

CEKs Ko7
IP 65[0] &8

video compatible

A A 4

L.dh=d

Internal lens unit: polymer, black,
rotatable through 360°.

Darklight lens made of optical polymer.
Optical cut-off 40°.

Control via Casambi app (Android/iOS)
with Bluetooth Low Energy
(BLE)-capable mobile devices or
"Casambi Ready" products.

Protection mode IP65: dust-proof and
water jet-proof.

Safety class Il

Maximum wind load area 0.08m? 0
Weight 6.56kg

30°

Imax=3586cd

Beam angle
Co 28°

1118Im

430W

26lm/W

35SDCM

L90/B10 >50000h
180/B50 >100000h
0.19% >50000h
190-100%

CCR

SV <0.1;PsttM < 1
E

0.4W
73

For your regional contact in the ERCO
Sales network click here
www.erco.com/contact

@ ERCO GmbH 2026

Technical Region: 220-240V 50/60Hz
We reserve the right to make technical
and design changes.

Edition: 28.04.2026

Current version under

www.erco com/A4001093
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F.2 Luminaire Comparison PDF : Martin Exterior Wash Pro S Quad
https://www.martin.com/en/products/exterior-wash-pro-1-quad

Exterior Wash Pro S Quad

OUTDOOR-RATED QUAD COLOR WASH LIGHT WITH CREATIVE CONTROL

Engineered for harsh conditions and creativity, Exterior Wash Pro S QUAD provides a logical, user-friendly and versatile
lighting solution designed to illuminate smaller structures, features of a building and landscaping. Featuring external micro
lenses and an optional baffle snoot, this fixture provides configurable beam control. The Exterior Wash Pro S QUAD features
unparalleled color performance. The factory color calibration ensures superior color consistency and provides a dedicated
color temperature control channel spanning from 1000K to 12,500K, precisely following the black-body curve. The integrated
color boost technology encompassing smart ratio between LED capacity and PSU capacity results in saturated and mixed
colors up to three times brighter than previous models. Designed for permanent outdoor installations and backed by a 5-year
warranty, this fixture meets rigorous environmental standards.

FEATURES

= Logic family of four sizes and lumen packages (S, M, L, XL) ®= RDM and DMX control

® Compact and slim design Local diagnostics and focusing via magnetic sensor

Power and DMX IN/OUT pre-mounted cables

Optional Hybrid IN/Out cable solution

Fully weatherized housing (IPé6, K08 and C-5 High corrosion rating)

Shipped in FSC certified carboard only packaging

= Superior color consistency based on factory calibration

= Color boost for bright saturated and mixed colors

= Dedicated color temperature control channel

= Narrow beam-angle using high-power RGBW LEDs

= Optional baffle snoot 5-year warranty

= Externally mounted micro lens diffusers

HARMAN PROFESSIONAL INC.

o

REV: 20260410

1/5
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F.3 Luminaire Comparison PDF : LIGMAN LADOR 4 (LD-50032) https://www.ligman.com/lador-
4-1d-50032/

Project name Location Type Revision number Date

LIGRIAN

LADOR 4 - LD-50032 - 16 LED - 28 W - 26° - RGBW40 - DMX - BLACK
LD-50032-W-40-DMX-01

Product description

Integral control gear - 145x145 mm - Class | - RGBW

Luminaire Structure

- Stainless steel fasteners in grade 304 with zinc - Remote driver is included for constant voltage (CV)
flake coating (ZFC)

- Durable silicone rubber gasket

- High-efficiency PMMA lens

- Clear toughened glass

- Integral control gear for LD-50001, LD-50011,
LD-50021, LD-50022, LD-50031, LD-50032

- Die-cast aluminium housing
- Thermal heat dissipation body

- Pre-treated before powder coating ensuring high
corrosion resistance

- Single cable entry

- Three IP68 connectors supplied with 0.2 m of
3x1.0 sqmm outdoor cable and 2x0.2 m of 2x0.5
sgmm outdoor shielded cable

products
- LADOR 1,2, 3and 4 are not available in European

Union

Optic Product colour

o £

-01
Black
RAL90T1

rHi\\LAND G{p

https://www.ligman.com/ld-50032-w-40-dmx-01/ info@ligman.com Pplesd
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Test Results - Visuals

G Test Results and Evaluation
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