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This research presents a data-driven framework for incorporating AI-supported tools into 
early architectural pre-design phases, enhancing alignment between design objectives 
and stakeholder expectations. There is a significant gap within research and practice in 
utilising AI for non-generative tasks for data analysis. To address this and increasing 
complexity of data, this research draws on Architectural Design Processes (ADP), 
Decision Support Systems (DSS), and Human-AI Collaboration to develop a framework 
that repositions AI as an analytical and collaborative tool. Large language models 
(LLMs), such as OpenAI GPT, are utilised for non-generative tasks like text 
extraction, analysis and data preprocessing, highlighting its role in insight-extraction. 
The research outlines the development of a theoretical foundation and a corresponding, 
unique ontological structure of the framework, demonstrating its application through a 
formative process model. Three daycare case studies in Helsinki, Finland were analysed 
using planning documents, city-based architectural guidelines and city-based end-user 
feedback. Guidelines were evaluated using three custom metrics: Weight of Mention, 
Contextual Relevance, and Positioning in Document. NLP techniques, including TF-IDF, 
clustering, and topic modelling, were used to identify alignment gaps and 
discrepancies. This research underscores the potential for non-human agents to act as 
complementary partners in iterative pre-design processes, fostering collaboration, and 
iteratively aligning diverse stakeholder objectives.  
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INTRODUCTION 
Despite the iterative nature of the design process, 
feedback from end-users often emerges towards 
the end or in cases only after project completion, 
limiting the opportunity to refine decisions during 
the planning stage. Existing methodologies lack 
processes that integrate user feedback, align 
objectives and learn from past projects and 

facilitate real-time decision-making. This research 
addresses this gap by highlighting the capabilities 
of these collaborative methods based on the 
review of existing literatures, identifying 
challenges, and introduces a framework for the 
effective integration of Human-AI collaboration 
techniques into early stages of architectural 
planning. 
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FRAMEWORK DEVELOPMENT AND 
RELATED RESEARCH   

Decision-Support Systems and 
Complex Problem-Solving  
The framework has been developed under the key 
notion that decision-support systems are 
primarily a set of tools that address an ongoing 
set of problems, rather than a fixed solution to an 
arranged set of problems (Pohl, 1997, Fricker, 
2007). Due to the complex nature of stakeholder 
relationships and the intricacies of modelling a 
decision-support framework, a systems thinking 
approach was adopted and the rationalistic 
tradition of problem-solving was reviewed. Pohl 
and CAD Research (1999) have highlighted the 
limitations inherent in the technical rationalistic 
approach to problem solving, while effective in 
addressing defined technical problems, it is 
insufficient when dealing with more complex, 
dynamic conditions, such as collaborative 
decision-making environments involving multiple 
stakeholders in architectural projects, where new 
factors, such as the renewal of guidelines, 
regulations, environmental concerns, or change in 
user’s needs, can have cascading effects on the 
development of further stages. 

Hettithanthri et al. (2022) explored current 
architectural pre-design processes and 
underscored the concern of linearity and 
insufficient attention to user and context. 
Feedback is often integrated late or, in some 
cases not at all. Even though the architectural 
process encompasses several iterations in 
between stages, it is shown to be a linear 
approach in terms of accommodating the point of 
view of the stakeholders (Stevens et al., 2019). 
Even when the context and user analysis are 
conducted initially, once the ideations are 
generated, they are rarely tested for reflective 
feedback. This inherent lack of iterative feedback 
loops hinders the opportunity to incorporate user 
reflections into the representations of 
documentation, thereby constraining the 

decision-making potential. This limitation 
underscores the need for more adaptive, iterative 
approaches, facilitating collaborative and data-
driven decision-support systems. Efficient 
exploration of trade-offs is becoming increasingly 
significant in different areas of complex systems. 

Decision-Support Systems (DSS), initially 
coined by Gorry and Scott-Morton (1971), 
provide a system for decision-makers to resolve 
‘unstructured problems’, such as evolving 
stakeholder needs and dynamic regulatory 
requirements, where there are no set solutions. In 
contrast to ‘structured problems’ where the 
procedures for obtaining the most appropriate 
solutions are known (altering design parameters 
to meet constraints), unstructured problems 
require judgement, computerised communication 
and collaboration technologies as well as deep 
learning (Sharda et al., 2020). This makes DSS 
particularly valuable, as it allows decision-makers 
to synthesize diverse data and support solutions 
that traditional methods are unable to do. 

Although research on human-computer 
interaction and collaboration types has been 
extensively studied, there is relatively limited 
research on Human-AI collaboration with 
Decision Support System (DSS) integration, and 
more specifically even more so within the 
architectural context. The integration of DSS 
would enable decision-makers to address 
alignment gaps with real-time feedback loops, 
that would moderate changing project objectives 
and enable stakeholders to systematically track 
changes in project conditions. Multi-aspect 
ontologies introduce a structure for addressing 
these challenges by enabling cross-functionality 
and collaboration. By assessing the exploration of 
decision-support through document analysis, 
conflict identification, and assessment of 
alignment of objectives, the framework leverages 
both the strengths of human and AI agents. This 
process requires ongoing oversight and ethical 
consideration, without assigning interpretive or 
causal authority to AI.   
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Multi-Aspect Ontologies  
Ontologies have been recognised to be efficient 
means to support decision-making in processes 
that require information and knowledge 
exchange among system participants. 
Applications within enterprise management, 
product life cycle management or human-
machine collective intelligence systems have 
exemplified ways in which interoperability can be 
ensured through multi-aspect ontologies 
(Crowley et al., 2022, Sandkuhl et al., 2020). 

Human-AI collaboration within the context of 
DSS represents a transformative approach for 
tackling complex decision-making, especially 
those demanding multidisciplinary knowledge 
and adaptability. The analysis of Fernández-López 
and Gómez-Pérez (2002) reveal that the 
foundational intention of multi-aspect ontologies 
and their multi-level structure, local, aspect and 
global, refer to the integration of multiple domain 
ontologies, which is significant for reaching 
aspects of interoperability. Building on this 
groundwork, Smirnov et al. (2021) through their 
research of varying development methodologies 
identified the need for building a method that 
supports the integration of these ontologies 
within Human-Machine Collective Intelligence 
(HMCI) and (DSS) systems, underlining an 
approach for how these ontologies fit together to 
provide an environment for decision support in 
collective intelligence. The study of multi-aspect 
ontologies as well as their competency questions 
informed the development of the decision-
support model for architectural pre-design. 

The theoretical principles underlined in this 
phase include ‘semantic interoperability’, which 
ensures communications between knowledge 
domains; ‘guided self-organisation’, providing 
the ability for the team to influence the activity 
plan, constant self-improvement in the 
performance of basic functions; and multi-aspect 
ontology; providing a layered structure for 
retrieving information to comply with objectives 
(Smirnov et al., 2023). The system allows for 

human and machines to self-organise into teams 
with a purpose to support upcoming decisions, to 
assess alternatives and exchange knowledge on 
the existing problem. Furthermore, these models 
provide the base for decision-making processes 
for the given problem in a dynamic, context-
aware environment with a capability to adapt to 
various project requirements. 

Human-AI Collaboration in Decision 
Support Systems for Architectural Pre-
Design 
In the proposed Human-AI framework the 
following collaboration types are directly 
integrated into the process stages; (1) Situational 
collaboration creates the foundational 
environment for addressing different stakeholder 
needs through analysing feedback by becoming 
context-aware, providing the ability to 
understand varying types of document structures 
and stakeholder-specific needs; (2) Human-in-
the-loop collaboration ensures critical decisions 
are validated by human expertise, maintaining 
liability and trust in driven observations from 
existing data; (3) Operational collaboration 
streamlines the process for specific task execution 
particularly in repetitive Natural Language 
Processing (NLP) tasks during data pre-
processing.  

The framework is informed by a detailed 
exploration of decision-support systems theory, 
and human-AI collaboration types. Key concepts 
such as problem, user and role are central to this 
decision-support ontology, providing a system 
for organising the tasks in the subsequent stages 
(Smirnov et al., 2021). In the context of this 
framework the problem task involves a particular 
set of pre-design challenges, including 
determining alignment between design 
guidelines and stakeholder needs, and would 
include both the human agents (architects, 
stakeholders) as well as the computational agents 
(AI systems). The user represents the participants 
that use the decision support system as a decision 
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support tool, underscoring the collaborative 
interplay between human contextual 
understanding and machine ability to analyse 
large amounts of data efficiently. The role within 
the set of interactions within the system is crucial, 
as they help define the responsibilities of each 
participant and ensures that each agent is aware 
of what is expected from their part during the 
collaborative process.  

A decision-support system, specifically built 
to support decision making activities, the 
framework structures knowledge and workflows 
to connect different perspectives and aid in 
maintaining alignment during the pre-design 
process. This approach reflects the iterative 
nature of data driven decision-support systems, 
designed to meet the unique challenges met in 

architectural pre-design. By creating a shared and 
transparent baseline of how these concepts work 
together, the framework lays the ground for the 
potential use of these tools, such as NLP methods 
and utilising multi-aspect ontologies, to meet 
both the overarching objectives at the global level 
and specific tasks within the local and aspect 
levels, thereby driving collaboration and building 
on possibilities for decision-making opportunities 
within the field. Figure 1 illustrates the dynamic 
interactions between the pre-design context, 
collaborative actors and iterative decision-
support activities where challenges shape 
alternatives and users fulfill roles based off the 
framework of the decision-support system.  
 

Figure 1 
Ontology-based 
System Diagram 
for Human-AI 
Decision-Support 
for Architectural  
Pre-Design 
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Data Transformation and Pre-
Processing 
Topic Modelling and Term Frequency-Inverted 
Document Frequency (TF-IDF) procedure has 
proven to be a powerful method to discovering 
repeating themes and underlying narratives 
within text data (Grootendorst, 2022). The 
research demonstrates the integration of 
clustering techniques with class-based TF-IDF 
analysis. BERTopic (2022) overcame limitations of 
traditional bag-of-words models by treating 
clusters as units of analysis and utilising a 
variation of TF-IDF to emphasise the importance 
of terms within the clusters, informing tailored 
and context-specific models. Clustering divides a 
collection of structured data set into segments or 
natural groupings which share similar 
characteristics, and it involves the expert to 
interpret and potentially modify the suggested 
clusters (Sharda et al., 2020). The multi-layered 
process visualised in Figure 4 illustrates the 
human-machine ontology development 
discussed, demonstrating the process of data 
normalisation, topic modelling and clustering.  

Figure 2 illustrates the integration of diverse 
sources such as guidelines, project briefs, and 
end-user feedback into organised datasets for 
reference. The organisation of these documents 
and streamlining the workflow becomes 
necessary with growing volumes of data. Figure 3 
addresses communication barriers between the 
city architects, architects and stakeholders. These 
challenges reveal potential for the use of tools 
and processes that balance guideline intent, 
its representation within the document, and levels 
of cooperation, particularly within unorganised 
data. AI-driven data integration tools provide 
accessibility to centralised documentation, 
establish consistency between documents that 
each stakeholder has access to, and identifies 
underrepresented or misaligned guidelines 
through data normalisation, helping stakeholders 
access the most relevant content early-on and 
during the pre-design phase.  

Figure 2 
Integration of 
Diverse Sources 
into Organised 
Datasets 

Figure 4  
Human-Machine 
Environment 
Ontology 
Diagram: 
Managing Raw 
Data for 
Actionable 
Decision-Support 

Figure 3 
Comparative 
Workflow for 
Alignment Across 
Stakeholder 
Documentation 
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METHODOLOGY   
This research adopts a mixed-method approach 
combining ontology-based system structuring, 
AI-assisted tools, and case study testing. The 
methodology is implemented through a Human-
AI Collaborative Decision-Support Process Model, 
structured across five ontological layers; Problem 
Domain, Competency, Human-Machine 
Environment, Decision-Support and Self-
Organisation. This model addresses misalignment 
between guideline representations and 
stakeholder expectations within documentation 
workflows during the pre-design phase in 
architectural projects. Ultimately enabling 
stakeholder coordination through cross-

functionality and collaboration. This methodology 
is shaped by the Human-AI Collaborative Process 
Model developed in this research, where 
overlapping ontologies form an iterative 
workflow that organises tasks, defines the agents 
involved and supports collaborative data analysis. 

Problem-Domain Ontology  
The first stage defines the scope of the problem-
domain rooted in the global-level ontology 
focused on stakeholder engagement, pre-design 
understanding and data collection. As part of the 
formative research, informal interviews and 
ongoing observations were conducted by two 
primary expert stakeholder groups: city-level 
architects responsible for providing city 
guidelines, end-user feedback and architects 

Figure 5  
Formative Process 
Model for Human-
AI Collaborative 
Decision-Support 
in Architectural 
Pre-Design  
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from a private firm involved in assessing early-
stage planning providing further insight into the 
existing processes. Challenges such as barriers in 
documentation flow, delays in use feedback, and 
discrepancies in guideline intent and practical 
implementation were identified. Conversations 
revealed insight into end-user participation 
fatigue, particularly regarding how documented 
feedback is implemented over a course of time in 
updating guidelines. Stakeholders helped validate 
early workflow outputs that revealed document 
discrepancies and while full alignment is not 
expected, given different documents serve 
distinct purposes, the process revealed potential 
in extracting insights not currently present in 
existing practices. These interactions were non-
scripted, unfolding over a course of weeks during 
the case study phase and validated the 
bottlenecks as well as early outputs revealed 
within the existing processes, helping define the 
problem-domain ontology of the framework. 
Conversations were prompted with open-ended 
questions such as: “How is end-user feedback 
retrieved, and how is it incorporated into the 
future revision of guidelines?”, “Which parts 
within the existing process feel disconnected or 
inefficient?”, “How often do you refer to the city 
guidelines in the early stages of planning and how 
do you navigate within the document when 
needed?”. These inquires, in addition to validating 
the problem domain, also informed the 
subsequent ontologies in structuring roles, tasks 
and relationships within the framework.  

The case study examines three daycare 
project briefs from the City of Helsinki, Finland, 
using the KASKO learning environment guidelines 
issues by the Department of Education and 
Training as a baseline for evaluating alignment 
between planning documents and end-user 
feedback. Created by city planners, architects and 
educational staff, the document outlines spatial, 
functional, and pedagogical requirements and are 
used to assess guideline adherence. The end-user 
feedback documentation consists of in-use 

feedback from daycare staff, parents and children. 
They provide qualitative reflections of how the 
facilities have met the user needs, underlining 
certain challenges. 

Competency Ontology 
This stage refers to the definition of the roles, 

skills and tasks of the human and AI agents in 
respect to the collaborative decision-support 
environment which were identified beforehand. 
This ensured that the participants ’capabilities’ 
were aligned with the problem-specific task, 
underlining the distinction of human insight and 
machine-oriented data pre-processing 
capabilities. This ontology enables efficient and 
scalable implementation of the DSS by defining 
roles and aligning responsibilities. Human 
agent(s) were responsible for contextualising 
data, identifying challenges, validation and 
stakeholder engagement. The AI agent handled 
data transformation and pre-processing tasks 
such as: data cleaning, text normalisation, data 
reduction, and applying Natural Language 
Processing (NLP) techniques such as clustering, 
TF-IDF analysis, and topic modelling, which 
informs the data for the organised qualitative 
data repository.  

Human-Machine Environment 
Ontology 
The comparative analysis stage is defined within 
the parameters of the human-machine 
environment ontology. This was prompted within 
the environment to address formatting 
inconsistencies across all collected raw data to 
ensure consistency between each document. This 
step prepared the text for the subsequent 
preprocessing steps. For example, within the 120-
page KASKO guideline document, long headers 
and formatting that did not serve a direct 
guideline comparative purpose were condensed. 
This step kept the important content while 
eliminating distractions such as repeated section   
headings thus streamlining the data for clustering 
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or grouping analysis purposes. Tokenisation and 
stop-word reduce noise and aid in focusing on 
relevant terms (Kotsiantis, Sotiris & 
Kanellopoulos, Dimitris & Pintelas, 2006). For 
example, it was found that within one document 
the term “adaptability” appears multiple times 
across different sections. By removing the stop-
words, this process created the room to analyse 
more meaningful occurrences of this term. While 
this term was frequently mentioned, the absence 
of detailed phrases surrounding its context such 
as “spatial configuration strategies” revealed the 
possible gap that while adaptability was 
recognised as a design priority, its practical 
representations were not addressed. Each set of 
documents was individually processed and cross 
compared identifying potential overlaps (Figure 
5). These reflections are not meant to be primal 
conclusions within a limited dataset, but rather 
observations for what the process model could 
reveal. These observations from the data-
informed analysis highlight a shift, prompting 
critical questions about how adaptability and 
other aspects within guidelines are being 
represented and their broader implications.  
Decision-Support Ontology 
Once processed, the dataset was analysed using 
clustering and TF-IDF methods to examine the 
extent to which each guideline is covered across 
planning and in-use feedback documentation. 
The specific analysis focused on three metrics: 
Weight of Mention (term frequency), Contextual 
Relevance (depth of integration), and Positioning 
in Document (placement in key sections). These 
metrics were set as testing parameters for the 
model but can be adapted based on specific 
characteristics of any initial problem-domain. 
Guidelines were class-based clustered into 
organised groups of high, moderate, and low 
representation, facilitating in identifying potential 
barriers, patterns and tendencies within certain 
themes (e.g. adaptability, safety) in cross 
referenced documents.  

The human-machine environment required 
iterative exploration. This included human agent 
oversight, contextual validation and repeated 
testing to evaluate consistency of the results for 
the specific task. This process leveraged a 
prompt-response cycle through OpenAI’s 
ChatGPT due to its language processing strengths 
and flexibility which made it suitable for the 
explorative-nature of this research. By 
accommodating several functions into a single 
model, ChatGPT improved the efficiency of the 
workflow, allowing the same process for each 
document to be conducted multiple times. The 
prompting environment allowed for real-time 
adjustments to ensure the consistency and 
accuracy of outputs at every stage within the 
shared information space. Steps ranged from text 
normalisation to generating python scripts with 
TF-IDF analysis, allowing the results to be 
validated and translated into the human readable 
interpretation. Additionally, the public access 
tool, ConText, developed by the Social 
Computing Lab of University of Illinois Urbana-
Champaign (Diesner, 2014) was used to validate 
some of the outputs from ChatGPT during the 
pre-processing steps, including topic modelling, 
and text normalisation. 

Self-Organisation Ontology  
Stakeholder feedback was integral for refining the 
process model. Visualisations such as bar charts, 
tables, and future implications for representation 
were created based off the organised qualitative 
data repository. These tools made complex 
comparison data accessible, which allowed 
stakeholders to make their own observations for 
the usability and potential of the formative 
process model. By involving stakeholders, the 
human agent (architect) was able to engage with 
the stakeholders in a meaningful dialogue on the 
implications of the comparative analysis, allowing 
the real-world application of the model to be 
investigated, further informing the future of the 
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framework as well as the development of the 
created environment.  

The self-organisation ontology enabled the 
modification of the conceptual framework by 
incorporating feedback into future problem-
domain ontologies within the pre-design phase. 
This revealed a self-correcting workflow, where 
observations evolved with each iteration. By the 
integration of these feedback loops, the process 
addressed gaps between represented design 
objectives and their intended practical 
representation. This scalability supports flexible 
application across projects with different scales 
and stakeholder dynamics, reinforcing the 
model’s potential value in promoting 
resourcefulness and flexibility to account for 
complex pre-design environments.  
CONCLUSION 
This research contributions to the evolving 
discourse of the integration of AI-driven tools in 
architecture, emphasising a shift towards 
leveraging data-informed methodologies over 
purely generative approaches in the pre-design 
phase. It introduces a conceptual Human-AI 
collaborative decision-support framework 
designed to address key challenges in 
stakeholder levels of cooperation, foster 
interdisciplinary collaboration, and integrate a 
more systematic approach for alignment. This 
framework is supported by a formative process 
model grounded in multi-aspect ontologies, 
exploring its applicability and future prospects 
within the field in offering decision-support. All 
figures and models presented were developed by 
the author as part of this research.  

The research encapsulates an interdisciplinary 
approach, that integrates methodologies from 
domains such as data science, industrial 
engineering and management, collaborative 
agent design, and computing design. By drawing 
from established decision-support system 
frameworks, it presents a new avenue for the 
evolution of pre-design workflows that combine 

theories from hybrid intelligence, and NLP-
powered insight-extraction workflows. 

The framework emphasises stakeholder 
engagement, fostering alignment and provides a 
systematic conceptual process model for 
identifying discrepancies. This model 
demonstrates practical adaptability for varying 
problem-domains highlighting its scalability, and 
potential for iterative refinement as insights 
emerge from stakeholder feedback. Informal 
stakeholder interviews and case study testing 
informed the model’s development addressing 
the needs of stakeholders within the pre-design 
phase workflow. 

This research responds to the growing need 
for thoughtful integration of non-human agents 
within architectural pre-design processes, 
fostering collaboration, informed decision-
making, and systematic transformation. The 
discourse has developed to address not what AI 
can do, but what AI should do. This research builds 
on this evolution by conceptualising a framework 
that defines the roles of the AI agent, while 
acknowledging systematic change by proposing a 
structured environment for Human-AI 
collaboration. 

The process model provides methods for 
applying criteria to define its parameters, agent 
roles and responsibilities based on multi-aspect 
ontologies, offering scalability to ranging 
problem-specific domains. The human-machine 
environment facilities insights from NLP-powered 
pre-processing capabilities to support data-
driven decision-making within the pre-design 
phase. 

By bridging theories from outside the field to 
their potential for architectural workflows and 
developing a framework for which its explored in 
real-world case study applications, through a 
formative process model, the research 
encourages further discourse and reveals 
untapped potential within architectural practice. 
Future work regarding the validation of the model 
includes expanding the dataset, refining output 
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usability, and addresses areas such as data privacy 
and capacity building in collaboration with 
planning authorities and other wide-ranging 
potential users of the model. 

Ultimately, the work underscores the 
potential of non-human actors as complimentary 
agents in pre-design processes, challenging the 
prevailing tendency to view AI agents for mere 
visualisation tools. The framework embraces 
complexity and fosters new paradigms of 
collaboration, particularly in presenting a dynamic 
approach for navigating diverse, multi-
stakeholder pre-design environments. 
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