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The orientation of educational building spaces has an impact on environmental parameters 

such as temperature and daylighting. These parameters influence students’ cognitive 

functions and affect their learning performance. Therefore, improving the quality of the 

learning environments and physical comfort of the users is the main goal of the study. There 

is a lack of research in methods to find the best educational building layout in the context of 

spatial orientation. ArchSolvED, a decision support system is developed to help architects 

in designing educational buildings that comply with environmental rules from the 

educational buildings design guidelines. The system employs a heuristic search algorithm 

with heuristics derived from architectural design principles and educational building design 

guidelines to find the best layout regarding spatial orientation within a set of school design 

parameters given by the architect. The proposed decision support system can generate 

building layouts with on average 87% better spatial orientation score over a pre-approved 

school plan. The program allows rapid prototyping and provides numerous layouts suitable 

for the given inputs, making it possible to be used as a design tool. 

 

1. Introduction 

In today's conditions, there is a need to renew existing 

schools or build new ones, because of the increasing 

population [1], natural disasters [2], the inadequacy of 

buildings with pandemics [3], and changes in the education 

system [4].  It is expected that the expanding demand would 

increase the architects’ workload, reducing the time 

available to design complex educational buildings while 

monitoring the compliance of projects with inspections, 

controls, and regulations tightening the timeline. 

For this reason, the use of pre-approved designs in 

educational buildings has become very common in Türkiye 

among other countries [5]. Since school buildings are built 

in pre-designated sites in the city plans, the selected plan 
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might not be compatible with the site, resulting in poor 

physical environments in educational buildings [6]. Previous 

studies have shown many existing schools cannot meet the 

climatic and spatial orientation requirements in the 

guidelines, and only a small number of schools met the 

expectations [7]. 

The physical environment in educational buildings 

affects the performance of users [8-10]. In a classroom where 

thermal [11] and visual comfort conditions are poor, 

focusing problems arise [12-21]. Experiencing such 

problems in classrooms, which are the center of the learning 

process, is an indication that the educational building does 

not fulfill its purpose.  One of the factors that impact visual 

and thermal comfort is the geographical orientation of a 

school sub-unit (classroom, library, etc.) due to daylighting 
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[9,22]. One of the earliest icons of bioclimatic design, 

Olgyay, demonstrated the importance of regional 

applications and differences in building shapes, building 

orientation, and orientation of sub-units in his studies [23]. 

The importance of orientation in the energy performance of 

buildings is supported by further studies [24].  The Ministry 

of National Education of Türkiye provides Minimum Design 

Standards Guidelines for Education Buildings (hereinafter 

referred to as “the guidelines”) [25]. The guidelines provide 

tables showing the impact of the orientation of the sub-units 

on their daylighting performance. For projects to get 

approval from the ministry, it is necessary to comply with 

the guidelines. 

When designing educational buildings, the spatial 

requirements should be well known by the architect, but 

there are a wide variety of rules in the guidelines [25]. It is 

difficult to make progress in school design by considering all 

these criteria. It is intended to improve the physical 

environment of educational buildings while not introducing 

additional workload on the architects. Therefore, a decision 

support system, ArchSolvED, is developed, to help 

architects in the early design phase [26]. In the literature, it 

is seen that decision support systems [27,28] and artificial 

intelligence methods [29,30] are employed in building 

design. However, no previous work on using decision 

support systems in educational building design in the context 

of spatial orientation has been found. 

In the following chapters, the spatial orientation-based 

method and the search algorithm of the design tool are 

explained. For comparison, an extensive test is made 

between pre-approved school plans and ArchSolvED-

generated layouts in all climate types and orientations. 

Spatial orientation scores are compared, and results are 

presented. 

2. Method and Material 

ArchSolvED is a decision support system, developed to 

help architects with the spatial orientation of units for 

designing educational buildings for better learning 

environments.  

The study aims to address following questions: 

● How should a school building and its sub-units 

should be defined programmatically? 

● How can the best placement for sub-units of an 

educational building be found? 

● Can the early design process be simplified for 

architects? 

● Is it possible to create architectural designs by using 

generated layouts?  

After receiving a set of information from architects, a 

search algorithm is executed to find the best spatial layout 

for the given inputs. The performance function of the 

buildings, which is used to calculate the spatial orientation 

success, is derived from the guidelines [25]. The orientation 

score of a school is calculated as the average of its sub-units' 

orientation score. This calculation can be formulated as: 

𝐶 =  𝑆𝑢𝑏 − 𝑢𝑛𝑖𝑡 𝑐𝑜𝑢𝑛𝑡 𝑝𝑒𝑟 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑎𝑡𝑟𝑖𝑥 (1) 

𝑆 =  𝑆𝑢𝑏 − 𝑢𝑛𝑖𝑡 𝑠𝑐𝑜𝑟𝑒 𝑝𝑒𝑟 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 𝑚𝑎𝑡𝑟𝑖𝑥 (2) 

𝑇 =  𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑏 − 𝑢𝑛𝑖𝑡 𝑐𝑜𝑢𝑛𝑡 (3) 

𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒 =  ( 𝐶 ⋅  𝑆 ) / 𝑇 (4) 

Each solution is presented to the architect as a set of 

simplified schematic floor plans. It is a repetitive process 

until the architect is satisfied with both the building form 

(layout) and the score of the school units' spatial orientation. 

In architectural design, circulation significantly 

influences the form of units within a building. Circulation 

paths in buildings can be likened to the veins in the human 

circulatory system, which define the body's lines (Figure 1).  

 
Figure 1. The connection between circulation and form through 

the human body and building 

With this analogy in mind, the method for determining 

form based on circulation was applied to the educational 

buildings. The process follows a function-first design 

approach [31,32], consisting of two main stages. In the first 

stage, the circulation axes were identified. In the second 

stage, spaces were oriented and arranged around these axes. 

2.1. Problem Model 

The problem is finding the placement of a set of sub-units 

onto a given building that provides the best spatial 

orientation while adhering to architectural principles. 

Architectural design requires thinking in three dimensions. 

Designing an algorithm to solve architectural problems is 

challenging, and executing the algorithms requires much 

computational power [33,34]. The problem has been 

simplified to allow employing less complex algorithms. 

The definition of a sub-unit’s spatial orientation is the 

geographical direction its windows dominantly face. To be 

accessible, all units of a building need to be connected to a 

corridor (horizontal circulation). The side of the corridor 

matters as it shares the same spatial orientation with the 

attached sub-unit. 

These facts allow for transforming the problem into 

placing a set of units onto the faces of the building’s 

corridors with the goal of finding the highest spatial 

orientation score. With this approach, only the length of the 

units and corridors are taken into account, making it a single-

dimensional problem.  
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2.2. Algorithm 

Finding the best placement of a set of units into a set of 

corridors can be considered as a search algorithm. A search 

algorithm is a method of finding the best solution in a search 

space by iteratively exploring and evaluating possible 

solutions according to a set of criteria. Heuristic search was 

chosen as it is considered to be the optimal search algorithm 

for performance and computational intensity [35-37]. The 

heuristics are derived from architectural principles. Heuristic 

search algorithms differ from other search algorithms by 

incorporating domain-specific knowledge that aids search 

speed when searching for solutions and is useful when an 

exhaustive search is impractical [38].

 
Figure 2. Search algorithm explanation diagram with processes and phases

The diagram above shows the working principle of the 

search algorithm used in decision support systems (Figure 

2).  First, it checks the floor rules and orientation scores of 

the 1st sub-unit (A) based on the place importance ranking 

from the given heuristics. It starts by placing the sub-unit in 

the possibilities where it can get the highest score. In this 

part, variations occur if possible (A1, A2). Each variation is 

handled as a separate solution for the 2nd sub-unit. The 2nd 

sub-unit (B) is placed again depending on the heuristics, 

resulting in solutions A1B1, A1B2, A1B3, A2B4, and A2B5. 

After the 2nd variation phase, the other units (C, D, E, F, G, 

etc.) are placed following the search sequence, resulting in 

solutions S1, S2, S3, etc.  

2.3. Search Algorithm Heuristics 

Architectural heuristics are divided into 3 categories for 

the algorithm. These can be listed as spatial orientation rules, 

floor rules, and the algorithm’s search sequence. 

 

2.3.1. Spatial Orientation Heuristics 

In the section “6.1 Impact of physical factors on design” 

of the guidelines [25], four climate types are specified. These 

are cold climate, mild climate, hot-humid climate, and hot-

dry climate. In the same section, the guideline provides 

evaluations of the geographic orientation of the spaces under 

the “Topography and Orientation” section with tables of 

each climate type with a 3-point Likert scale as 

good/mediocre/bad. In the algorithm, these evaluations are 

adopted as points of 100/50/0. Space and orientation 

evaluation scores based on these climate types are given in 

Tables 1-4. 
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Table 1. Spatial orientation scores for cold climate zone [25] 

School Units 
Geographical Orientation 

S SW W NW N NE E SE 

Classroom 100 100 50 0 0 0 50 100 

Library 50 50 50 0 0 0 100 100 

Laboratory 0 0 50 100 100 100 50 0 

Cafeteria 100 100 50 0 0 0 50 50 

Dining Hall 100 100 50 0 0 0 50 50 

Multi-Purpose Hall 0 50 50 100 100 100 50 50 

Sports Hall 0 50 50 100 100 100 50 50 

Conference Hall 0 50 50 100 100 100 50 50 

Workshops 100 100 50 50 0 0 50 100 

W.C. 0 0 0 50 100 50 0 0 

Circulation Areas 0 0 50 100 100 100 50 0 

Administrative Rooms 100 100 50 0 0 0 50 100 

Table 2. Spatial orientation scores for mild climate zone [25] 

School Units 
Geographical Orientation 

S SW W NW N NE E SE 

Classroom 100 100 50 0 0 0 50 100 

Library 50 50 50 0 0 0 100 100 

Laboratory 0 50 50 100 100 100 50 50 

Cafeteria 100 100 50 0 0 50 50 100 

Dining Hall 100 100 50 0 0 50 50 100 

Multi-Purpose Hall 0 50 50 100 100 100 100 50 

Sports Hall 0 50 50 100 100 100 100 50 

Conference Hall 0 50 50 100 100 100 100 50 

Workshops 100 100 50 50 0 0 50 100 

W.C. 0 0 50 100 100 100 50 0 

Circulation Areas 0 0 50 100 100 100 50 0 

Administrative Rooms 100 100 50 0 0 50 100 100 

Table 3. Spatial orientation scores for hot-humid climate zone [25] 

School Units 
Geographical Orientation 

S SW W NW N NE E SE 

Classroom 100 100 0 0 0 0 50 50 

Library 50 50 0 0 0 50 100 100 

Laboratory 0 0 50 100 100 100 50 0 

Cafeteria 100 50 0 0 0 0 50 100 

Dining Hall 100 50 0 0 0 0 50 100 

Multi-Purpose Hall 0 0 100 100 100 50 50 0 

Sports Hall 0 0 100 100 100 50 50 0 

Conference Hall 0 0 100 100 100 50 50 0 

Workshops 100 100 50 50 0 0 50 100 

W.C. 0 0 100 100 100 50 0 0 

Circulation Areas 0 0 50 100 100 100 50 0 

Administrative Rooms 100 100 0 0 0 0 50 50 

Table 4. Spatial orientation scores for hot-dry climate zone [25] 

School Units 
Geographical Orientation 

S SW W NW N NE E SE 

Classroom 0 50 100 50 0 50 100 50 

Library 0 50 100 0 0 0 100 50 

Laboratory 100 50 0 50 100 50 0 50 

Cafeteria 0 50 50 0 0 0 100 50 

Dining Hall 0 50 50 0 0 0 100 50 

Multi-Purpose Hall 0 50 50 100 100 100 0 0 

Sports Hall 0 50 50 100 100 100 0 0 

Conference Hall 0 50 50 100 100 100 0 0 

Workshops 0 50 50 50 0 0 100 100 

W.C. 0 0 0 50 100 50 0 0 

Circulation Areas 0 0 50 100 100 100 50 0 

Administrative Rooms 0 50 50 0 0 100 100 100 
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2.3.2. Floor Placement Heuristics 

The floor organization heuristics were developed 

according to the usage scenarios of the spaces in schools. 

These scenarios are based on the rules specified in the 

guidelines [25]. With these floor rules, it is aimed at 

achieving ideally functioning educational buildings. These 

rules are given in Table 5. 

Table 5. Floor organization heuristics in 3 categories 

 Organization heuristics 

 
Units that need to be/can be placed on 

all floors 

Units that need to be/can be placed on 

specific floors 
Units that have no floor restriction 

Sub-unit 

Name 

Classrooms Headmaster’s Rooms Library 

Laboratories Counseling Rooms Multi-Purpose Hall 

WCs Cafeteria Teachers Hall 

Assistant Headmaster’s Rooms Conference Room  

Workshops Sports Hall  

Vertical Circulation Areas    

2.3.3. Search Sequence Heuristics 

The search sequence heuristics list the schools’ sub-units 

to be placed on the circulation axes. Since the main purpose 

of the school is education, it is intended that the scores of the 

learning environments are high. 

When the algorithm runs, it starts searching placement of 

the first unit for the highest possible score while following 

floor organization rules. This process sequentially applies to 

all sub-units in the building program. The search sequence is 

given in Table 6. 

Table 6. Search sequence of schools’ sub-units and their specifications 

Order Unit Type Reason for Preference/Action User Intensity 

1 Vertical Circulation Areas Vertical continuity High 

2 WC Vertical continuity Medium 

3 Classrooms Vertical continuity - Intensive learning High 

4 Laboratory Vertical continuity - Intensive learning Medium 

5 Workshop Vertical continuity - Intensive learning Medium 

6 Teachers Hall Resting Low 

7 Administrative Managerial Activities Low 

8 Library  Intensive Learning High 

9 Sports Hall Physical Activity Medium 

10 Cafeteria Resting High 

11 Dining Hall Resting Medium 

12 Multi-Purpose Hall Mixed Low 

13 Conference Hall Mixed Low 

2.4. Workflow 

ArchSolvED has been developed as a web-based 

decision support system to prevent problems such as 

licensing, installation, compatibility, and time-saving. The 

application's background processes are written in Python 

language [39] and Flask framework. Web page functionality 

and corridor drawing widget are written in JavaScript and the 

user interface is prepared in HTML and CSS. It uses Python 

packages-libraries such as EzDXF and Numpy [40]. 

ArchSolvED’s workflow can be divided into 4 phases 

that start after the preliminary preparation phase. Phases and 

their steps can be seen in Figure 3. 

 
Figure 3. ArchSolvED Workflow and Phases
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2.4.1. Data Entry Phase 

The data entry phase is where the architect provides the 

needed information about the school type, climate type or 

province information, floor count, and classroom count. 

With this information, student density is assessed, and the 

designer is informed about the suitability between the 

building site size and the building program. 

2.4.2. Building Program Phase 

At the building program phase, ArchSolvED suggests a 

base building program to users with the information 

provided during the data entry phase. The architect can edit 

the sub-unit count and dimensions at this stage. With the 

knowledge of the floor count and building program, 

ArchSolvED calculates the total area of the building and the 

length of the corridors/circulation axis that is needed to fit 

the set of sub-units. 

2.4.3. Design Phase 

During the design phase, the architect is asked to draw 

the corridors as lines on the uploaded site plan in the 

provided sketching widget. The total length of the drawn 

lines is mandatory to satisfy the corridor length requirement 

calculated in the previous phase. ArchSolvED dynamically 

shows the remaining corridor length for the completion of 

the design. 

With all the data entered into the application, 

ArchSolvED runs the heuristic search algorithm and 

calculates all possible variations. If the number of variations 

exceeds fifty, it filters the solutions based on their success of 

sub-units’ orientation scores. These outputs are given in a 

raw form that architects use in the early design stage. While 

it was possible to create detailed floor plans as outputs, the 

concern was limiting the architect’s design input. The 

objective is to enable the architect to express their own 

design language. 

2.4.4. Decision Phase 

The decision phase focuses on the architect's ideas for the 

building layout and selecting one of the program’s outputs as 

a template for the next design stage. The user can print the 

desired solution on paper or export it in PDF format. 

Generated outputs are given in a simplified format, shown in 

Figure 4. The architect can decide to go back to the design 

phase if none of the solutions meet their expectations or 

solution scores are mediocre. This phase is critical as 

building form and orientation are considered some of the 

most important design decisions [41-44].

 
Figure 4. Simplified presentation of a sample school layout generated by the decision support system

The output of the ArchSolvED contains useful 

information about the building and its orientation. Thick red 

lines are the circulation axes, drawn by the architect at the 

design phase of the application.  Each rectangle is a school 

sub-unit. Units have different colors depending on their 

types. Numbers on a unit denote its orientation score. Floor 

plan layouts are put side by side starting from the ground 

floor and labeled as Floor 0, Floor 1, etc. The north symbol 

is added for clarity of the spaces’ geographic orientation. 

2.5. Benchmark Material 

In this study, to measure the performance of the decision 

support system, the spatial orientation performance of the 

outputs is compared with pre-approved projects. The design 

to be used in the comparison was chosen from among the 

pre-approved school projects, as they are heavily used in 

Türkiye. The middle school plan labeled 

MEB.OO.32.BZ3.36x59.BT.2022 [45] (hereinafter referred 

to as “pre-approved plan”) was picked. It is chosen for its U-

shaped plan layout and total sub-unit count of 60. A floor 

plan of the project is given in Figure 5. The side of the 

corridor matters as it shares the same spatial orientation with 

the attached sub-unit. The U-shaped plan increases the 

geographical directions the building form faces. A high sub-

unit count increases the count of permutations. These two 

factors increase the number of possible designs for 

comparison.
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Figure 5. Floorplan of MEB.OO.32.BZ3.36x59.BT.2022 pre-approved middle school project, 2nd floor.[45]

3. Testing and Results 

To measure the performance of this project in every 

environment it can be implemented, all parameters that can 

have an impact on spatial orientation performance have been 

considered. These parameters are climate types and 

orientation of the building in different locations. 

There are 4 climate types (cold, mild, hot-humid, hot-

dry) defined according to the guidelines [25]. The 

placements of sub-units are scored according to one of the 8 

directions (4 cardinal and 4 intermediate) they are facing. In 

this case, rotating a building by 45 degrees will cause the 

geographical direction that the sub-units face to shift to the 

next one (e.g. from North to Northwest). Therefore, the 

building being rotated 8 times by 45 degrees, results in 8 

orientationally distinct layouts. Orientation performance 

analysis for each pair of 4 climate types and 8 orientations 

yields 32 spatial orientation scores. 

The parameters of the test are displayed in Table 7. 

Table 7. Test parameters of comparison between the pre-approved school project and ArchSolvED 

Constants Independent Variables Dependent Variables Results 

Building program 
Climate 

Placement of sub-units Spatial orientation score 
Floor count 

Circulation axes 
Rotation of the building 

Sub-unit dimensions 

To obtain the performance scores for the decision support 

system's designs, the system is run with the same circulation 

plan and building program of the pre-approved plan. 32 

school layouts corresponding to the 4 climate types and 8 

building layout combinations were generated. The 

performance of the pre-approved plan was compared with 

the performance of the design produced by the decision 

support system for each combination to measure how much 

improvement the system brought over the existing solutions.  

To automate the process, building orientation score 

calculations are done using a script. Another script is made 

to automate plan generation. Since ArchSolvED is designed 

around user input, a module is written to read pre-approved 

plan data from a file. This approach prevented user error 

risks and made the process reproducible. 

Orientation performance scores of the pre-approved and 

decision support system-generated plan in 32 scenarios are 

shown in Table 8.
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Table 8. Spatial orientation scores of pre-approved and ArchSolvED generated plan, in 32 geographical orientation and climate type 

scenarios 

Geographical Orientation N NE E SE S SW W NW 

Building Orientation Schematic 

        
School Layout Type Climate Type Score By Climate Type 

Pre-Approved Plan Cold 73 72 47 31 28 25 38 61 

ArchSolvED Generated Cold 81 92 81 76 70 76 81 92 

Pre-Approved Plan Mild 73 79 54 31 28 35 53 71 

ArchSolvED Generated Mild 86 99 86 89 79 89 86 99 

Pre-Approved Plan Hot-Humid 64 61 30 32 17 16 52 51 

ArchSolvED Generated Hot-Humid 80 83 80 63 59 74 73 83 

Pre-Approved Plan Hot-Dry 61 52 29 33 46 53 38 36 

ArchSolvED Generated Hot-Dry 99 65 80 65 94 65 76 65 

It can be observed that decision support system-

generated plans scored higher than the pre-approved plan in 

all scenarios, with the geometric mean of improvements in 

each scenario being 87%, The Highest improvement is seen 

in the scenario of South-West orientation and hot-humid 

climate with 365%. The least improvement made is in the 

scenario of North orientation and cold climate with 10%. 

 The benefits of using the decision support system in 

school building design are not only the ability to generate 

building plans with high orientation performance but also the 

opportunity for the architect to receive instant feedback for 

the form through circulation design. In this way, the architect 

can reach the optimum solution for the inputs of the site, 

climate, and building requirement list. For example, if the 

architect is not satisfied with the orientation score of this U-

shaped design in a region with a hot-dry climate, they can try 

new solutions by changing the building form and orientation. 

The scores obtained by the pre-approved plan and the 

decision support system with the same inputs for each 

climate type and orientation are given in Figure 6. 

In Figure 6c, the heuristic search algorithm, even when 

the climatic conditions and form are the most incompatible, 

has achieved orientation success about 4 times better than the 

pre-approved plan. However, when Figures 6a, 6b, and 6d 

are analyzed, it is observed that the spatial orientational score 

for the same orientation is less than the other climate zones. 

It is clear that generating ideally scoring building layouts in 

a specific form won’t be possible for every climate type. In 

these cases, the application's rapid prototyping capability 

will lead architects to design a better layout. 

 

 
 

(a) (b) 

 
 

(c) (d) 
Figure 6. Spatial orientation scores’ comparison chart for each climate type: (a) cold (b) mild (c) hot-humid (d) hot-dry 
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To illustrate the practicality of converting the generated 

layouts into architectural plans, a generated layout is picked, 

and a school building is roughly designed. The selected 

scenario is the hot-dry climate type and North orientation. 

This selection is made to emphasize the spatial orientation 

performance difference between the pre-approved and 

generated plans. 14840 plans were generated by 

ArchSolvED in 21,6 seconds for this scenario. Solution nr. 

668 (Figure 7) was selected out of the best 50 solutions. 

 

To provide a more digestible comparison, both designs 

are modeled to be able to compare differences visually side-

by-side (Figure 8). 

During the design of this school for a hot-dry climate, it 

was seen that most high-performing generated layouts had 

their south façade empty. This is due to there being no sub-

unit suitable for placement according to the guidelines 

besides laboratories. Also, east/west facing corridors were 

highly utilized, especially by learning intensive units. 

 
Figure 7. Example output of ArchSolvED scoring 98.31 points in hot-dry climate conditions

 
Figure 8. Exploded perspective view of pre-approved and generated school plan
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4. Discussion and Conclusion 

In this study, a decision support system, ArchSolvED, 

has been proposed. Previous studies have shown that the 

spatial orientation rules in the regulations are not followed in 

educational buildings, resulting in suboptimal learning 

environments. ArchSolvED addresses this by employing a 

heuristic search algorithm to optimize the placement of 

school sub-units, guided by performance functions derived 

from existing guidelines. The system, accessible via a web 

application, offers architects a range of plan options and 

checks for conformance to standards, presenting results in 

raw sketch form. 

Evaluation results indicate that ArchSolvED can 

generate school plans with improved spatial orientation 

scores by an average of 87%, with improvements reaching 

up to 365% compared to pre-approved plans, showing a 

significant improvement and validate the value of school 

plans generated by the algorithm. The system generates 

approximately 15,000 plans under a minute and presents the 

top 50 for architects to review. A demonstration showed that 

having access to multiple layouts and their orientation scores 

aids in the early design phase, enhancing decision-making 

and highlighting effective strategies of building spatial 

orientation. The demonstration also proved that the 

generated designs can be turned into actual school layouts. 

However, the algorithm's heuristic universality may not 

align with all educational systems due to varying guidelines. 

A finer scoring system is also needed for more nuanced 

evaluations. Additionally, future work will address the lack 

of syntactic space analysis for sub-unit positioning and 

incorporate features for optimal vertical circulation. Future 

plans include developing a database to store architects' 

layout choices, which will support data analysis, machine 

learning, and AI training to refine the design process further. 
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