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Introduction

The construction industry has been undergoing profound change for several decades
as a result of advancing digitalization. This transformation also has a significant
impact on the requirements and content of academic courses specializing in
construction planning and civil engineering. Where analogue processes like hand
drawings once prevailed, digital design methods, including Building Information
Modelling (BIM), now integrate a range of digital tools and technologies, increasingly
influencing the work of architects. (Hanke, 2024) In order to meet the challenges and
opportunities of new digital technologies, it is necessary to develop innovative
training formats and integrate them into existing curricula.

With this in mind, Jade University has designed a comprehensive range of learning
opportunities in the form of modular courses, so-called knowledge nuggets. These
knowledge nuggets focus on digital planning and are offered in a browser-based
format for self-study. The project, which operates under the name “AUFLADEN,
aims to create a comprehensive knowledge repository for students that reflects
the requirements of the modern construction industry. The name "AUFLADEN"
symbolizes the preparation and communication of new knowledge in the digital age.

The project has a duration of 2 years and one month and is funded by the “Stiftung
Innovation in der Hochschullehre”. A central topic of the project is the implementation
and use of artificial intelligence (Al) and its more concrete version, a Large Language
Model (LLM) like Chat-GPT 4, are increasingly used in the planning process. Large
language models are artificial intelligence models that have been trained on huge
amounts of text. They can generate human-like text, answer questions, translate,
and much more (Brown et. al. 2020). In addition, the transfer of data obtained through
Al-supported planning to production is being investigated using augmented reality
(AR). In particular, the application of AR in the production of complex molds offers
promising opportunities, but also specific challenges, which are analysed and
documented in detail as part of this project. Al is a new and indispensable topic in
research and studying at universities that requires new training formats for existing
curricula (Reinmann & Watanabe, 2024; Grunwald et. al, 2022). This article highlights the
practical application as well as the potentials and limitations of these technologies
in the construction industry.
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The “AUFLADEN" project

The AUFLADEN project stands for the education and training laboratory for digital
planning and construction. As part of this project, an innovative platform was developed
that is easily accessible via an internet browser (Kawasaki et al., 2023). This platform offers
specially prepared knowledge content in the field of Building Information Modeling (BIM),
created by students for students. The project is funded by the Foundation for Innovation
in University Teaching and has been running at the Department of Architecture at Jade
University in Oldenburg since October 2022. It develops courses that are offered under the
name “BIM Game” (Grunwald & Heins, 2022; 2024). AUFLADEN is a central point of contact for
students and all interested parties to familiarize themselves with the basics and advanced
applications of BIM and to further their education in this forward-looking field. At the heart
of the platform are the so-called "knowledge nuggets”. These knowledge nuggets consist
of a variety of learning materials, including video tutorials, interactive click tutorials,
practical tasks and quizzes. Each knowledge nugget focuses on a specific topic, use case
or software solution in the field of BIM and thus offers a comprehensive and practical
learning experience.

The AUFLADEN platform not only serves as a supportive learning tool, but also

provides users with an individual and flexible learning experience. The combination of
different didactic approaches ensures that the content covers both theoretical knowledge
and practical application possibilities. This promotes a comprehensive understanding and
competent application of digital technologies in the construction industry. The interactive
and user-optimized design of the platform enables sustainable and effective learning,
giving students a significant advantage in their professional development.
Alongside the learning experience in the AUFLADEN project, the exploration of topics
like augmented reality (AR) (Hanke et al., 2023; Kawasaki & Grunwald, 2023), robotic process
automation (RPA) (Heins et al., 2021; 2024), and the creation of digital twins has been carried
out.

Figure 2. AUFLADEN
Website -

Source: www.wissen-aufladen.de

Willkommen bei

aufladen®,
Wi ta
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Development of the research question

In addition to the prepared knowledge content, the project offers various
experimental spaces for learning and teaching digital technologies in the
construction industry in the laboratory area, or lab for short. Technologies and use
cases, such as the integration of augmented reality in the construction planning
process or the use of artificial intelligence, are researched here together with
experts and students. In addition to the results, the focus is on research-based
learning and teaching. More information on all labs already carried out can also
be found on the platform under the dedicated lab section (Grunwald, 2024). Within
the “parametric design” labs, parametric structures in the form of sculptures,
furniture or facades were designed together with the students.

The designs were created using the CAD software Rhino in combination
with the visual programming interface Grasshopper. During the process, it
quickly became clear that, in addition to formulating a design, the technical
implementation in the software posed a major challenge. Almost all participants
in the lab had no experience with Grasshopper or programming in general. The
methodological knowledge for the software was supported in the lab by the
AUFLADEN platform and accompanied by technical experts. The prepared click
tutorials proved to be particularly helpful for the participants. Nevertheless, the
necessary methodological knowledge needs to be tailored to the specific design
and the functions in Grasshopper are too complex to be learned to a sufficient
extent in just a few seminars. This problem was investigated in a small group
within the “parametric design” lab and the approach was developed to create a
Python code for Grasshopper with the help of a suitable Al. This could simplify
the complex implementation of the idea in the software by describing the design
of the Al and returning it in the form of code. The interface for reading Python
code into Grasshopper could already be used for complex implementations. For
example, Zheng (2019) implemented iterative pattern design using Python scripts
decoded in Grasshopper.

Material and Methods

The primary objectives were to tap into the potential of language models,
such as Chat-GPT, in order to make the concept of parametric design within the
Rhino Grasshopper software accessible to a broader user base. The focus here
was on designing the application in such a way that it can also be used intuitively
by people without extensive prior knowledge or in-depth planning. This should
significantly lower the barrier to entry into the world of complex design and
democratize the creative process.
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To achieve this goal and test the effectiveness of the language models in a real-
world scenario, a specific question was posed to a number of advanced language models.
These models included Edge Copilot, Chat-GPT 3.5, Gemini, Claude 3 and Chat-GPT 4. The
selection of these different models made it possible to evaluate a wide range of answers
and to analyze the respective strengths and limitations of each model in the context of
automated code generation for parametric design. This approach should not only provide
information about the current performance of available Al technologies, but also help
to drive future developments in the interface between artificial intelligence and design
software in a more targeted manner.

The question posed to the language models was as follows:

,Give me a Rhino Grasshopper code without comments in the code. Line up
20 cubes measuring 10cm wide by 20cm long and 10cm high. Duplicate this
row of cubes and stack them on top of the first row of cubes. Repeat this step
until 10 rows of cubes are stacked on top of each other. *

The conversations and results of the Als were anavlyzed and the language models
were evaluated in a matrix according to defined criteria:

Requirement Explanation of symbols
Edge Copilot Chat-GPT 3.5 Gemini Claude 3 Chat-GPT 4

Unrestricted availability in Germany seee sesee sesee . e eeeee = Works constantly and without errors

g:t“h;’:iﬁza“d and generate ssese ssss ssse . sssss  aeee = Works partially/ gives results with slight errors

Understands what Rhino is sssss sssas sesss . sesee « e e = Works cenditicnally/ partially correctly with moderate errors

Can understand what Grasshopper

EEE R XX R LR R . LR R R = 1
and visual-scripting is  « = Works poorly/ gives few corect answers with serious erors

Can use Grasshopper Python code
to generate geometric shapes

Can identify and correct errors in the
generated Grasshopper Python code seee eee . . sssee

that occur X i
Can use an explanation to describe

complex geometric shapes with sese eee ., . sees
Grasshopper Python code

Can use images to recreate the
shapes in Rhino with a Python code

seee e e . sssse o = Doesn't work

Rating average: 3875 375 2,875 1 4375

Table 01. Evaluation of the Al models.
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This matrix shows the selection of the optimal Al system for the specific
requirements of the project application. After extensive evaluation of various
Al models, ChatGPT-4 was found to be the most suitable to fulfill the complex
requirements. This decision was based on a number of criteria that were
specifically tailored to the needs:

1. Unrestricted availability in Germany: The Al must be usable in Germany
without geographical or licensing restrictions.
2. Ability to understand and generate Python code: The Al should be able to

effectively interpret and generate Python code, which is a basic requirement for
integration into existing systems.

3. Understanding of Rhino software: It is critical that the Al has a solid
understanding of Rhino 3D modelling software to interact seamlessly with tools.
4, Use of Grasshopper Python code to generate geometric shapes: The

Al should be able to create complex geometric shapes using Python code
implemented in Grasshopper.

5. Identify and correct errors in the generated Grasshopper Python code:
Another important capability of Al is to identify and correct errors in the generated
codes, which is essential for the reliability of the modelling process.

6. Use of explanations to describe complex geometric shapes with
Grasshopper Python code: The Al should be able to describe complex geometric
structures in a clear and understandable way and explain the relevant scripting
methods.

7. Use images to reconstruct the shapes in Rhino with Python code: Finally,
the Al should be able to develop Python code based on images that accurately
reproduces the desired shapes in Rhino.

These criteria ensure that the selected Al is not only technically competent,
but can also be effectively integrated into specific work flow and software
environments.

After in-depth analysis of the conversations and results with various
Al models, it was determined that ChatGPT-4 best met the requirements of
the project application. ChatGPT-4 demonstrated consistent and error-free
performance across several key areas. Forexample, it was able to understand and
generate Python code, which is a fundamental requirement for integration into
existing systems. Additionally, ChatGPT-4 demonstrated a solid understanding
of Rhino software as well as Grasshopper and visual scripting, which is critical to
interacting seamlessly with tools.
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When evaluating the different Al models against predefined criteria, ChatGPT-4 was
found to perform superior in several areas. For example, it proved to be highly reliable in
applying Grasshopper Python code to generate geometric shapes and in identifying and
correcting errors in the generated code. In addition, ChatGPT-4 was also able to provide
explanations to describe complex geometric shapes using Grasshopper Python code,
albeit not without some minor errors.

One challenge was the use of images to reconstruct the shapes in Rhino with Python
code. Here, ChatGPT-4 showed partially correct results, but with moderate errors.

Despite these challenges, ChatGPT-4 proved to be the most suitable Al model for
the specific requirements at the current time.

It should be mentioned that there are still few studies on Al-generated codes. Rabi
(2024) conducted a quantitative study on the creation of Python code with the support
of Chat-GPT, which came to the conclusion that the generated code is quite usable, but
still has a lot of potential for minimizing quality problems and security issues. Rabi also
urges caution when using Al-supported code. However, these findings do not apply to the
specific example of the use of Python code in Grasshopper, so the security problem can
be neglected in this case. However, the results are positive that a successful outcome can
be achieved.

4.1. Case study 01

The first successful attempt with Chat-GPT 3.5, in which a wavy wall is generated, looked
like this:

‘Give me a Rhino Grasshopper code with no comments in the code. Line up 20
cubes with the dimensions 10cm width by 20cm length and 10cm height lengthwise.
Duplicate this row of cubes and stack them on top of the first row of cubes. Repeat
this step until 10 rows of cubes are stacked on top of each other.”

The wall created by Chat-GPT 3.5 was not wavy, but straight, which is why this information
was formulated in another question.

“Take this code and arrange the bottom row of cubes along the x-axis in a serpentine
pattern. Match the rows of cubes stacked on top to the new shape of the bottom
row. The output must be a”
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The resulting Python code created a wavy wall in Rhino Grasshopper, but
could not be replicated. Therefore, the newer version, Chat-GPT 4, was tested.

4.2. Case study 02

The following describes the successful chat history with Chat-GPT 4, in
which a vase is generated. To explain to the language model how to generate a
3D model of a vase in Rhino Grasshopper, squared paper is used to define the
distances and the shape of the vase and to visualize the intended result.
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Figure 3. Sketch method - Source: own figures.
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First, the framework for the shape of the vase is set by defining the desired size of
the blocks. These blocks will later form the structure of the vase and in one example have
the dimensions 2mx2mx1m. These dimensions serve as the basis for the overall shape of
the vase. After determining the block size, a rough outer contour of the vase is sketched,
typically by drawing two crosses that together represent a block to visualize a basic shape
of the vase. The overall height of the vase is then determined. In this example, the vase is
23 blocks high in total. To give the language model a clear idea of the desired shape of the
vase, the interior of the vase is mentally filled with blocks. The final number of blocks next
to each other is then defined as the width of the individual rows, which defines the exact
shape and contour of the vase.

This leads to the following question:

“Create a Python code for Rhino Grasshopper. The output is a. Arrange 2m x 1Tm x
Tm blocks in a circle. Then stack another of these circles on top of the first and repeat this
until the shape of a 3D vase is created. The construction should be 23m high. If you look at
the construction in 2D, the shape would be as follows: 23m high, row 1-14 by width: 10m,
12m, 14m, 16m, 16m, 18m, 18m, 18m, 18m, 16m, 16m, 14m, 12m, 10m, 10m, 8m, 8m,
8m, 8m, 10m, 10m, 12m, 14m.”

Implementing a complex modelling project using artificial intelligence requires
careful control of the input data and process parameters. In a specific experiment, it
became apparent that the number of inputs exceeded the processing capacity of the Chat-
GPT Al model, leading to incomplete or erroneous results. This phenomenon emphasizes
the need to appropriately balance the amount of data and complexity of the queries to
ensure effective and accurate outputs.

Based on this insight, it was specified in a subsequent interaction that the output
parameter should be defined as ‘a’. This measure aimed to standardize the communication
between the language model and the targeted application - in this case a modular script
in a Rhino Grasshopper environment - and thus simplify the interpretation of the results.
Specifying ‘@’ as the default output parameter should help to make the interface between
generative code and graphical software more efficient and optimize the integration of
dynamically generated data into the modelling process.

This iterative approach to adapting the query parameters and the subsequent
refinement of the code illustrates the experimental nature of working with Al-supported
design tools. It also illustrates the importance of a clear and precise specification of
requirements in dialogue with advanced Al systems in order to achieve the desired results
and fully exploit the power of these technologies.
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The Output must be defined as “a@’, as this is the default output for the
GYPyhton module in Grasshopper.

After clarifying and redefining the output as ‘a’, Chat-GPT managed to
generate a working code. This success led to the next phase of the process, in
which the interaction with the artificial intelligence system was further refined.
To maximize the applicability and usability of the generated code in the Rhino
Grasshopper environment, it was then explained how the inputs can be efficiently
controlled via sliders.

These sliders allow users to dynamically adjust the parameters of the
model without having to edit the code directly. By integrating these controls,
an interactive interface is created that allows designers to experiment with the
model parameters in real time. The instructions on how to configure the sliders
have been carefully formulated to ensure that the Al interprets and implements
the instructions correctly.

This step underlines the importance of seamlessly integrating Al-
generated code with user-friendly interfaces in software tools for digital design.
It also illustrates how the precise communication of specific requirements to the
Al system can significantly improve the customizability and functionality of the
developed solutions. The approach of providing specific instructions for adjusting
sliders demonstrates an important facet of human-Al collaboration, where fine-
tuning parameters plays a central role in providing users with maximum control
and flexibility.

The dimensions for the blocks are given by external sliders in Grasshopper,
so change the code so that the sliders change the dimensions of the blocks by
the inputs x, y and z, which are the default inputs in Grasshopper.

As a result, Chat-GPT added a sample block for the data x, y and z at the end,
which had to be subsequently removed. A further request to Chat-GPT to delete
the example block resulted in a working code with customizable sliders.

1. Conception of a geometric shape: Think about and decide on a specific
geometric shape you want to create. Ability to understand and generate Python
code: The Al should be able to effectively interpret and generate Python code,
which is a basic requirement for integration into existing systems.
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2. Visualization and measurement: Draw the chosen shape on paper and measure
the necessary distances and dimensions to have accurate measurements for the digital
implementation.

3. Definition and communication of the shape: Describe the shape to ChatGPT 4 with
all relevant measurements and details to give a clear idea of the structure.

4. Software preparation: start Rhino and open Grasshopper, a visual programming
environment integrated with Rhino, to model the shape. Use explanations to describe
complex geometric shapes with Grasshopper Python code: The Al should be able to
describe complex geometric structures in a clear and understandable way and explain
the relevant scripting methods.

5. Code integration: Insert the code generated by ChatGPT 4 into a Python module
(GyPython) within Grasshopper.

6. Code execution: Execute the Python module to generate the geometric shape
based on the input data.

7. Troubleshooting (optional): If errors occur while running the code, you can report
them to ChatGPT 4 and ask for suggested corrections. After receiving the corrected
version, repeat steps 5 and 6.

8. Integration with Fologram: Connect the GyPython module to a Fologram module
designed to work with augmented reality (AR) technology.

Q. Hololens activation: Start your Hololens and connect to the Fologram module to
visualize the geometric shape in augmented reality.

10. Viewing the shape: View the geometric shape through the Hololens to see a
realistic 3D model of your design in the real environment.

Results

Within the scope of advanced software-assisted coding methods, certain
customizations and functions are feasible, while others are beyond the current
technological reach. Among the options that can be implemented is the ability to make
detailed customizations to the code upon request.
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This flexibility allows users to precisely address specific requirements,
making customized programming much easier. It is also possible to identify
and correct error messages that occur in the generated code. This correction
function makes a decisive contribution to the efficiency and reliability of the
programming process. Furthermore, continuous modifications of the code can
be implemented within an interaction cycle of up to 30 responses as part of Edge
Copilot, which works on the basis of Chat-Gpt 4 (kppowell, 2024), enabling dynamic
adaptation to changing requirements during a session.

On the other hand, there are limitations that affect the complexity of the
queries and the processing capacities. It is not possible to process more than
three inputs in a query without prior fine-tuning of the Al, which underlines the
need for preliminary configuration in order to effectively utilize the Al's capabilities.
Also beyond current capabilities is the complex stacking of objects on demand in
a way that would allow subsequent physical rebuilding using photogrammetry,
although similar structures can be generated. These limitations highlight the
challenges of dealing with highly complex data structures and three-dimensional
modelling in real time.

As part of the research work, a method has been successfully developed
withwhichavase canbereconstructed fromindividual blocks. Thisreconstruction
is achieved by using a hologram in conjunction with AR Glasses (HoloLens2).
The implementation of this method made it possible to initiate and carry out the
construction of the vase with a single request.

Figure 6 shows that the artificial intelligence has generated a functional
code. Although this code does not exactly reproduce the shape specified in the
ChatGPT-4 template, the artificial intelligence has nevertheless developed a
complex geometry. This geometry has similarities to the original presented in

Figure 6. The development of such a geometry, despite the deviation from
the original shape, underlines the ability of the A.l. to generate adaptive and
innovative solutions within the given parameters.

The development of a 3D model using the Chat-GPT 4 Al language model
is an accessible entry point for beginners into the world of digital modeling. This
method allows users to create basic structures and simple designs without
extensive prior knowledge of programming or special modeling techniques.
Through intuitive interaction with the language model, users can articulate their
ideas and have them translated into concrete model data.
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However, the use of such a language model reaches its limits when it
comes to creating specific, complex models. It becomes particularly challenging
when the requirements are very detailed and a great amount of information has
to be processed in a single request. In such cases, the capacity of the Chat-GPT 4
language model is not sufficient to adequately capture and implement all details,
which can lead to the system being overloaded.

Furthermore, the accuracy of the model implementation by the Al is limited
in complex scenarios, as the interpretation of the instructions and the conversion
into precise geometric data depends on the quality and clarity of the information
provided. An iterative process of feedback and adaptation is often required to
achieve the desired result. This is where advanced software solutions such as
Rhino and Grasshopper, in conjunction with scripting modules such as Python,
can be helpful to make more detailed adjustments and refine the model step by
step. These tools offer the possibility of integrating programming languages and
algorithmic design to make highly complex structures and precise adjustments
that go far beyond basic model creation.

Figure 6. Real template and Al generated result - Source: own figures.
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Discussion and Conclusion

The methodology used in this study to utilize ChatGPT-4 to generate Python
code for parametric design in Rhino Grasshopper raises the question of whether
this methodology is transferable to other software applications that accept
code inputs. While Rhino Grasshopper is a widely used platform in the field of
parametric design, similar approaches could be applied in other design software
environments. Future research could focus on investigating the applicability
of this methodology to different software platforms and making possible
adjustments to optimize the generation of code in different environments.

It should also be noted that the development of artificial intelligence in the
design process is expected to evolve significantly over the next few years, which
could lead to a variety of new applications. The global Al market is currently
estimated to be worth over 196 billion US dollars and is predicted to grow
thirteen-fold over the next 7 years (Howarth 2024). While ChatGPT-4 already has
advanced code and text generation capabilities, it is likely that future versions will
be even more powerful and versatile.

A promising direction for further research is to investigate the performance
and effectiveness of ChatGPT 4.0 in comparison to the version tested here. As
technology continues to evolve, it is important to evaluate the latest models and
techniques to ensure that the best available tools are used in the design process.
By comparing different versions of ChatGPT, researchers and practitioners can
better understand how the performance of Al models evolves over time and the
impact this can have on the design process.

It was shown that ChatGPT-4 can process complex relationships effectively,
especially in the area of visual scripting, as represented by the combination of
Rhino and Grasshopper. These programs are often used in architectural design
to create highly complex structures and shapes through parametric design.

ChatGPT-4 proved capable of understanding and applying the logic behind
visual scripting and the interactions between these two software solutions.
However, this is not the primary function of ChatGPT-4, so specific methods had
to be developed to precisely explain to the language-based model what forms
and structures should be generated. These adapted approaches allowed the
model to be used effectively for specific needs.
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It is assumed that this method is also transferable to other Large Language Models
(LLM) and that an Artificial Intelligence (Al) developed specifically for this use case could
achieve even better and more complex results. These findings suggest that the adaptability
and broad applicability of LLMs such as ChatGPT-4 make it possible to tackle specialized
tasks in various disciplines, especially in technically demanding areas such as computer-

aided architecture.
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