
Expert Evaluation of a House Floor Plan 
Recommendation System Using Graph Neural 
Networks 

Hyejin Park1, Minji Heo2, Yeji Seo3, David Stephen Panya4, Hyeongmo Gu5, Seungyeon Choo6 
1,2,3,4,5,6School of Architecture, Kyungpook National University 
1,2,3,4,5,6{phj8598|mmj127|dpwl2278|2020321443|ghm3186| choo}@knu.ac.kr  

In the pre-design stage of architectural planning, reference research is often conducted 
manually through books, magazines, and real estate websites. Websites like Archdaily and 
Dezeen filter data based on input criteria such as the number of levels, rooms, or 
approximate building area. However, this approach is time-consuming as users must 
manually review and select information, making it nearly impossible to find floor plans 
based on spatial conditions. In this study, the pre-design stage refers to the early phase 
where spatial requirements and reference ideas are explored before schematic design 
begins. For houses, the diversity in personal preferences and styles often results in 
frequent changes to client requirements, prolonging discussions and delaying immediate 
responses. To address these challenges, the House Floor Plan Recommendation System 
(referred to as AIBIM-House Reference Finder) was developed in prior research. This 
system collected approximately 10,000 raster-based house floor plan images 
(representing around 6,900 buildings) and utilized the You Only Look Once (YOLO) 
model to create a vector-based spatial relationship dataset. The dataset was trained using 
Graph Neural Networks (GNN) to develop a similarity-based recommendation system 
considering spatial shape, adjacency, and relationships. While the system’s quantitative 
performance was validated earlier, this paper evaluates its qualitative utility through 
expert evaluation. Architectural design experts assessed the similarity of recommended 
floor plans and the system's usability in the pre-design stage. Similarity evaluations 
identified key factors, including spatial shape, adjacency, direction, size, and number, as 
primary criteria for judging similarity. Usability evaluations highlighted the system's 
effectiveness in zoning, drawing, client discussions, space programming, and feasibility 
analysis. This paper demonstrates the potential of integrating AI-based spatial conditions 
into traditional reference research methods, automating alternative exploration and 
generation processes. This approach enhances exploratory creativity, advances 
transformative creativity, and improves the efficiency of planning tasks. 
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INTRODUCTION 
Traditional reference-based design in architecture 
involves manually searching for similar cases or 

ideas through books, magazines, and real estate 
websites. When retrieving housing-related data, 
designers typically input basic parameters such as 
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the number of floors, number of rooms, or 
approximate building area. The results are then 
filtered accordingly. However, the quality and 
relevance of the retrieved materials can vary 
depending on the media used, and the process 
itself is often time-consuming due to the need to 
manually browse and select suitable examples. 
In most cases, initial design alternatives are 
created by referencing these materials. However, 
the interpretation and application of references 
depend on the architect’s subjective judgment, 
which can influence the design direction. In 
housing design, where client preferences and 
lifestyle requirements are highly diverse and 
frequently change, conventional reference-based 
methods often struggle to incorporate feedback 
in real time. As a result, the design process tends 
to involve lengthy discussions and multiple 
revisions. 
To address these challenges, this study builds 
upon previous research that developed a 
similarity-based architectural space 
recommendation model (Park 2023, Park 2024). 
The model incorporates spatial combinations and 
adjacency relationships and was designed to 
support the early planning phase by quickly 
identifying floor plan alternatives that match 
client requirements. The system uses SimGNN, a 
graph neural network, to compute objective 
similarity scores between user-defined spatial 
conditions and a dataset of architectural floor 
plans. By enabling users to input approximate 
spatial relationship types, which are difficult to 
search using traditional methods, the system can 
efficiently retrieve relevant design options 
regardless of house size. 
This study aims to go beyond technical validation 
and explore the qualitative effectiveness of the 
recommendation system in practice. Specifically, 
we conduct expert evaluations focused on two 
objectives: (1) to assess whether the 
recommended floor plans are perceived as similar 
under various spatial conditions (similarity 
evaluation), and (2) to determine whether the 

system can be effectively applied to early-stage 
planning tasks (practicality evaluation). Through 
this dual approach, the study seeks to evaluate 
the system not only as a computational tool but 
also as a meaningful aid in supporting creativity 
and communication in architectural design. 

BACKGROUND AND DEVELOPMENT 
OF THE FLOOR PLAN 
RECOMMENDATION SYSTEM 
Previous studies have aimed to support the pre-
design phase by developing a recommendation 
system that suggests house floor plan alternatives 
based on spatial relationship types desired by the 
client (Park 2023). These systems utilized AI-based 
graph similarity models to reduce the time and 
subjectivity involved in the traditional case study 
approach, which often relied on manually 
searching through books, magazines, and real 
estate platforms. In particular, SimGNN, a graph 
neural network model designed for graph 
similarity learning, was adopted to measure and 
rank the similarity between the user’s input and a 
dataset of heuristic architectural floor plans. In 
our previous study, the system was trained and 
tested using a dataset collected from open-
source floor plan data provided by a U.S.-based 
real estate platform.  
The developed system allowed users to input one 
or more spatial relationship types such as “dining 
room-kitchen-living room” and automatically  

Figure 1 
Overview of the 
Floor Plan 
Recommendation 
System 
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retrieved and ranked floor plans based on 
SimGNN scores. The system was capable of 
visualizing recommended floor plans on a web-
based interface, and supported real-time 
interaction and flexible input, which was difficult 
to achieve with conventional methods (Figure 1). 
To further clarify how the system works, a 
workflow diagram from our previous study has 
been included (Figure 2). This diagram visualizes 
the entire process from user input of spatial 
conditions to similarity prediction and final floor 
plan output via the web interface. It helps 
illustrate the internal mechanism of the system 
and its practical application in a design support 
context. 
Performance analysis of SimGNN in previous 
research confirmed its high predictive accuracy 
and generalization capability through 
quantitative experiments. SimGNN achieved 
competitive precision and recall metrics when 
compared against ground truth data, and the use 
of knowledge distillation further enabled fast 
inference with lightweight models, making the 
system more practical for real-world deployment. 
However, these studies mainly focused on the 
technical validation of the model using 
quantitative metrics. Therefore, the current study 
expands on the prior research by conducting a 
qualitative evaluation of the recommendation 
system through expert reviews. This step aims to 
assess the practical usability and relevance of the 
system-generated results in architectural practice, 
offering a more comprehensive validation 
approach beyond algorithmic performance. 

EXPERT SURVEY: OVERVIEW OF 
SIMILARITY AND PRACTICALITY 
EVALUATION 
To validate the proposed recommendation 
model, an expert survey was conducted involving 
professional architects specializing in 
architectural design. The evaluation was carried 
out from two perspectives: (1) similarity 
evaluation, which assessed whether the 
recommended floor plan images were perceived 
as similar under given conditions, and (2) 
practicality evaluation, which explored the 
potential applicability of the system during the 
early planning phase of architectural design. 
The similarity evaluation included two 
components: (1)-2 identifying the aspects on 
which the similarity judgment was based, and (1)-
2 assessing the perceived degree of similarity 
between the recommended plans. The practicality 
evaluation also consisted of two items: (2)-1 
whether the recommendation model could be 
used in the pre-design stage, and (2)-2 which 
specific tasks it could support during the planning 
process. 
A total of ten expert architects participated in the 
survey, with an average of 10.2 years of 
professional experience. Given that the purpose 
of this study was not statistical validation but 
rather qualitative assessment, these participants 
were selected based on their substantial 
architectural knowledge and professional design 
experience. Both similarity and practicality 
evaluations were conducted based on five spatial 

Figure 2 
System workflow 
for spatial 
relationship-based 
recommendation. 
(Adapted from 
Park et al., 2023)
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relationship cases (Case 1–5). Each case included 
a unique set of spatial adjacency conditions: 

• Case 1: Living Room–Dining Room, Kitchen–
Garage, Room–Dressing Room, and Room–
Built-in Closet 

• Case 2: Kitchen – Garage, Room – Built-in 
Closet, Room – Built-in Closet, and Living 
Room–Room–Dressing Room 

• Case 3: Living Room–Entrance, Living Room↔
Dining Room, Living Room – Room, and 
Room–Built-in Closet 

• Case 4: Dining Room–Kitchen–Living Room, 
Living Room – Entrance, and Living Room –
Room–Built-in Closet 

• Case 5: Room–Dressing Room, Room–Built-in 
Closet, and Dining Room – Kitchen – Living 
Room 

The survey results were analyzed by calculating 
the average values across all five cases. For 
illustrative purposes, detailed results for Case 1 
are presented in Appendices A and B. 

ANALYSIS OF EXPERT SURVEY 
RESULTS 

Similarity Evaluation Results 
The similarity evaluation was conducted based on 
the top 10 floor plan images generated by the 
recommendation system for each of the five 
spatial relationship cases (Case 1–5). These five 
spatial relationship cases were constructed to test 
the model’s ability to reflect different adjacency 
conditions, since the recommendation system 
was specifically trained to understand and 
respond to spatial adjacency patterns. Therefore, 
the similarity evaluation was designed to validate 
whether the model effectively captures and 
reflects these adjacency-based conditions. For 
item (1)-1, experts evaluated which aspects of the 
plans made them appear similar, selecting from 
five criteria: ➀ number of spaces, ➁ size of spaces, 
➂ shape (mass/form), ➃ spatial layout 

(adjacency), and ➄ orientation (direction), as 
shown in Table 1. These criteria were intentionally 
selected to include both quantitative (e.g., 
number and size) and qualitative (e.g., shape, 
adjacency, orientation) attributes, thus helping to 
identify which characteristics professionals 
prioritize in real-world similarity judgments. 
Among the 25 evaluated image pairs, the most 
frequently chosen criteria were ➂ shape (32%), ➃ 
layout (30%), and ➄ orientation (20%), while ➁ 
size (14%) and ➀ number (4%) were selected less 
often. This indicates that expert judgments are 
more sensitive to perceptual and organizational 
aspects of space, which aligns with the nature of 
early-stage architectural thinking where 
qualitative factors dominate. These results 
suggest that the model captures qualitative 
aspects of architectural form and layout, which 
are highly relevant in creative design judgment. 
For item (1)-2, experts rated the degree of 
similarity among the top 10 recommended plans 
for each case on a five-point scale (Table 2). The 
average similarity scores were 0.565 (Case 1), 
0.615 (Case 2), 0.62 (Case 3), 0.705 (Case 4), and 
0.75 (Case 5), with an overall average of 0.651. The 
results indicate that the recommended plans were 
generally perceived as moderately to highly 
similar across different spatial input conditions. 

Practicality Evaluation Results 
For the practicality evaluation, item (2)-1 asked 
whether the recommendation system could be 
effectively used in the early stages of design 
planning. Experts rated this on a five-point scale 
(Table 3), resulting in an average score of 0.875, 
suggesting that the system has strong potential 
for practical use, especially if further improved 
with a larger dataset. For item (2)-1, experts were 
asked to evaluate which planning tasks the system 
would be most useful for, selecting from five 
typical activities: ➀ discussing with clients, ➁ 
developing space programs, ➂ conceptualizing 
zoning, ➃ drawing floor plans, and ➄ conducting 
feasibility studies (Table 4). The top-ranked use  
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Image 
Pairs Image 1&2 3&4 5&6 7&8 9&10 

case1 

 

 

... ... ... ... 

➀Similar Number 

of Spaces 

➁Similar 

Size of 

Spaces 

➂Similar 

Shape 

➃Similar 

Layout 

(Adjacency) 

➄Similar 

Orientation 

(Direction) 

... ... ... ... 

  √       

case2 (Evaluation on 10 image pairs) 

case3 (Evaluation on 10 image pairs) 

case4 (Evaluation on 10 image pairs) 

case5 (Evaluation on 10 image pairs) 

Total On which aspects did you base your judgment of similarity? 

(N=250) 

➀Similar Number 

of Spaces 
➁Similar Size of Spaces ➂Similar Shape ➃Similar Layout 

(Adjacency) 
➄Similar Orientation 

(Direction) 

4% (10/250) 14% (35/250) 32% (80/250) 30% (75/250) 20% (50/250) 

Image 
Pairs Image 1&2 3&4 5&6 7&8 9&10 

case1 

 

 

... ... ... ... 

Very 
Similar (1.0) 

Relatively 
Similar (0.75)  

Neutral (0.5)  Slightly Similar 
(0.25)  

Not Similar (0)  ... ... ... ... 

 √        

case2 (Evaluation on 10 image pairs) 

case3 (Evaluation on 10 image pairs) 

case4 (Evaluation on 10 image pairs) 

case5 (Evaluation on 10 image pairs) 

Total Avg. Similarity Score (How similar?)  

0.651 
case1 Case2 Case3 Case4 Case5 

0.565 0.615 0.62 0.705 0.75 

Table 1 
Survey Content 
and Results on the 
Aspects of 
Perceived 
Similarity 
(See Appendix A 
for detailed 
responses related 
to Table 1) 

Table 2 
Survey Content 
and Results on the 
Degree of 
Perceived 
Similarity 
(See Appendix B 
for detailed 
responses related 
to Table 2) 
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cases were ➂ zoning, followed by ➃ drawing floor 
plans and ➀ client discussions. This suggests that 
the recommendation system could support tasks 
that involve spatial configuration and visual 
communication in the early design phase. 

5. CONCLUSION 
Based on expert evaluations, this study conducted 
both (1) similarity assessment and (2) practicality 
assessment of the proposed recommendation 
system in the early design planning phase. The 
survey results regarding perceived similarity 
revealed which aspects experts considered when 
judging similarity, which in turn suggests which 
elements of the design process might be 
influenced by such a system. Notably, qualitative 
factors such as similarity in spatial shape (32%) 
and spatial layout (30%) were rated significantly 
higher than quantitative factors like spatial size 
(14%) and number of spaces (4%). These results 
imply that the proposed recommendation system 
may support and even enhance the creative 
thinking of architects in the early, more qualitative 
stages of design. 
In terms of practicality, the system received an 
average score of 0.875, demonstrating its 
potential usefulness in real-world early-stage 
design tasks. Through the development of a 

spatial relationship recommendation model, this 
study confirmed that certain aspects of architects’ 
exploratory and creative thinking in the early 
phases of design can be partially supported or 
even automated. 
The value of this recommendation system lies in 
its potential to serve as a persuasive and 
collaborative tool during discussions between 
architects and clients and to act as a medium that 
amplifies architectural creativity. The system’s 
approach, based on diagram extraction and 
similarity learning using graph structures, offers a 
foundation for automating exploratory creativity 
and could potentially be extended toward 
supporting transformational creativity in future 
design automation research. 
In this context, transformational creativity refers 
to the ability of a system not only to retrieve 
similar existing floor plans but also to generate 
entirely new spatial configurations that break 
from conventional patterns. By enabling such 
generative capabilities, future versions of the 
system may further support exploratory design 
ideation and inspire novel architectural solutions. 
However, the dataset used in this system was 
collected from open-source data provided by a 
U.S.-based real estate platform, and therefore, the 
recommendations may reflect regional or 

Question When conducting case studies during the early planning stage, is the spatial relationship-based recommendation model usable? 

Answer 
Options Usable (1) ~ 

(0.75) Neutral (0.5)  ~ 
(0.25) Not Usable (0) 

Total 
Average 

 √(0.875)    

Table 3 
Survey Content 
and Results on the 
Practical Usability 
of the 
Recommendation 
Model 

Question  In which planning tasks do you think the floor plan recommendation model could be useful? 

Answer 
Options 

➀ When  
discussing with 
clients 

➁ When  
developing a space 
program 

➂ When  
conceptualizing 
zoning 

➃ When  
drawing floor plans 

➄ When  
analyzing feasibility 

Total 

1st Priority 2nd Priority 3rd Priority 4th Priority 5th Priority 
➀ ➁ ➂ ➃ ➄ ➀ ➁ ➂ ➃ ➄ ➀ ➁ ➂ ➃ ➄ ➀ ➁ ➂ ➃ ➄ ➀ ➁ ➂ ➃ ➄ 

0 0 7 3 0 4 0 1 5 0 6 0 2 2 0 0 1
0 

0 0 0 0 0 0 0 1
0 

Table 4 
Survey Content 
and Results on 
Which Aspects of 
the Planning 
Phase the 
Recommendation 
System Can 
Support
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typological characteristics specific to that dataset. 
This limitation could affect the generalizability of 
the system to other regional contexts or housing 
types. Accordingly, this issue should be addressed 
in future work. 
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