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Abstract: The design of educational buildings plays a crucial role in students' 
comfort, well-being, and the functionality of their learning environments, with 
climate-responsive design being critical for addressing global climate challenges, 
ensuring energy efficiency, sustainability and resilience to extreme weather 
conditions in addition to occupant comfort. In Türkiye, the impact of varying 
climatic conditions on school design is often disregarded, resulting in the use of 
uniform designs that may not meet regional climatic needs, potentially leading to 
concerns with indoor comfort, energy efficiency, air quality, and, ultimately, 
adversely impacting student health, well-being, and academic performance.  
This study aims to investigate the uniformity of educational building designs across  
Türkiye’s climatic regions evaluate their climate responsiveness and predict the 
potential short- and long-term impacts on student health, well-being, and academic 
performance in cases where climate-responsive design is insufficient. Köppen 
climate classification was used to categorise Türkiye's climatic zones and select pilot 
cities with extreme heat and cold conditions. The educational buildings in these 
cities were evaluated for design uniformity and climate responsiveness. Finally, the 
potential impacts of the identified uniformity and lack of climate-responsive design 
were synthesised from the literature.  
The findings revealed that despite significant climatic differences, many schools in 
Türkiye share similar designs that do not adequately address regional climate 
needs, which could have important implications for both the learning environment 
and student equity, potentially exacerbating disparities between students in 
different regions. The study emphasises the critical need to incorporate climate-
responsive design strategies in educational buildings to enhance not only the 
current indoor conditions but also to address future challenges posed by climate 
change, improve energy efficiency, and, most importantly, foster equitable and 
supportive learning environments for all students. Further experimental studies are 
recommended to assess the impact of climate-responsive design on students' health, 
well-being, and cognitive performance. 

İklime Duyarlı Öğrenme Ortamları Tasarlamak: 
Türkiye'nin Çeşitli İklim Bölgelerinde Eğitim Binalarını Yeniden Düşünmek 

Anahtar Kelimeler 
İklime duyarlı tasarım, 
Bilişsel performans, 
Eğitim binaları, 
İç mekan konforu, 
Türkiye, 
Öğrenci sağlığı ve iyi olma 
hali  

Öz: Eğitim binalarının tasarımı, öğrencilerin konforu, refahı ve öğrenme 
ortamlarının işlevselliği açısından önemli bir rol oynamaktadır. İklime duyarlı 
tasarım, küresel iklim zorluklarını ele almak, enerji verimliliği, sürdürülebilirlik ve 
aşırı hava koşullarına dayanıklılığın yanı sıra kullanıcı konforunun sağlanması 
açısından kritik öneme sahiptir. Türkiye'de, değişen iklim koşullarının okul tasarımı 
üzerindeki etkisi genellikle göz ardı edilmekte ve bu da bölgesel iklim ihtiyaçlarını 
karşılayamayan tek tip tasarımların kullanılmasıyla sonuçlanmaktadır.  
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Bu durum iç mekan konforu, enerji verimliliği, hava kalitesiyle ilgili endişelere yol 
açabilmekte ve nihayetinde öğrenci sağlığını, refahını ve akademik performansını 
olumsuz etkileyebilmektedir.  
Bu çalışma, eğitim binası tasarımlarının Türkiye'nin iklim bölgeleri genelinde 
tekdüzeliğini araştırmayı amaçlamaktadır. İklime duyarlılıklarını değerlendirmek 
ve iklime duyarlı tasarımın yetersiz olduğu durumlarda öğrenci sağlığı, refahı ve 
akademik performansı üzerindeki olası kısa ve uzun vadeli etkileri tahmin etmekte 
çalışmanın amaçları arasında yer almaktadır. Köppen iklim sınıflandırması, 
Türkiye'nin iklim bölgelerini kategorize etmek ve aşırı sıcak ve soğuk koşullarına 
sahip pilot şehirleri seçmek için kullanılmıştır. Pilot şehirlerdeki eğitim binaları 
tasarım tekdüzeliği ve iklime duyarlılık açısından değerlendirilmiştir. Son olarak, 
belirlenen tekdüzeliğin ve iklime duyarlı tasarım eksikliğinin potansiyel etkileri 
literatürden sentezlenmiştir. 
Bulgular, önemli iklim farklılıklarına rağmen, Türkiye'deki birçok okulun bölgesel 
iklim ihtiyaçlarını yeterince karşılamayan benzer tasarımlara sahip olduğunu ve 
bunun hem öğrenme ortamı hem de öğrenci eşitliği için önemli sonuçlar 
doğurabileceğini, farklı bölgelerdeki öğrenciler arasındaki eşitsizlikleri daha da 
kötüleştirebileceğini, ortaya koymuştur. Çalışma, yalnızca mevcut iç mekan 
koşullarını iyileştirmek için değil, aynı zamanda iklim değişikliğinin oluşturduğu 
gelecekteki zorlukları ele almak, enerji verimliliğini artırmak ve en önemlisi tüm 
öğrenciler için eşit ve destekleyici öğrenme ortamları yaratmak için eğitim 
binalarına iklime duyarlı tasarım stratejilerinin dahil edilmesinin kritik ihtiyacını 
vurgulamaktadır. İklime duyarlı tasarımın öğrencilerin sağlığı, refahı ve bilişsel 
performansı üzerindeki etkisini değerlendirmek için daha fazla deneysel çalışma 
önerilmektedir. 

  
*Iǚlgili Yazar, email: kuranliogludilan@gmail.com

1. Introduction 

Educational environments have a crucial role in students’ learning outcomes [1] by influencing their motivation, 
academic performance, health and well-being [2]. These environments involve a range of elements, including 
physical, social and psychological factors that can be used to positively impact students’ sense of belonging in the
school environment, improve their engagement and support students with diverse learning needs [3]. A critical 
aspect of these environments consists of physical conditions such as air quality, temperature, lighting, and noise 
level. The optimum physical conditions in educational environments are achieved with climate-responsive design, 
referring to architectural strategies to design buildings to respond to local climatic conditions, considering both 
buildings’ energy performance against both current and future climatic challenges and students’ environmental
needs and expectations [4]. 

Future climate projections for 2030, 2050, and 2070 predict an average global temperature increase of 2.7 °C,
intensifying the challenges faced by existing educational buildings. Rising temperatures and shifting climatic 
conditions contribute to increased energy consumption for heating, cooling, and ventilation, alongside straining 
resources and exacerbating environmental impacts [5]. To address these challenges, improving energy efficiency 
through advanced building design strategies, such as high-performance insulation, upgraded windows, and 
optimised building envelopes, has become a priority. These measures can reduce a school building’s energy
consumption by 50% to 57% annually while enhancing resilience to future climatic variability [6]. Anticipatory 
educational buildings, designed with future climate conditions in mind, are essential for maintaining safe, 
comfortable, and effective learning environments [7]. Beyond reducing energy consumption, climate-responsive 
design of learning environments plays a critical role in promoting educational equity by creating inclusive and 
adaptable spaces. These designs support student engagement and equip learners with effective coping strategies 
to address climate-related challenges. Ensuring that all students, regardless of their geographical location or local 
climate, have access to equitable and inclusive learning environments reflects a global commitment to inclusivity. 
Providing equal education opportunities, where no physical differences in built environment conditions or 
climate-related challenges hinder learning outcomes, contributes to a more resilient and informed future 
generation. 

Creating a comfortable indoor environment requires assessing the climatic comfort conditions and understanding 
the perceived climatic needs of students at an early stage of the architectural design process [8]. Although 
considerable attention is given to climate-responsive design for enhancing indoor environments in effective 
learning environments, this consideration is often overlooked in the architectural designs of educational buildings 
in certain countries, such as Türkiye.
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Despite the diverse climatic conditions in Türkiye, educational institutions are usually constructed based on 
similar typological design standards [9], which may pose a significant challenge to developing educational 
buildings that promote equality in the learning environment. 
Typological approaches to educational building design often result in homogeneous learning environments that 
fail to meet the diverse needs of students in different contexts [10]. These uniform designs typically emerge during 
rapid expansion phases driven by administrative organisations, as they are considered both economically and 
practically advantageous for addressing the increasing demand for educational facilities. While such designs are 
recognised for their affordability and efficiency, they often fall short of indoor comfort and energy efficiency [11]. 
Research indicates that optimising indoor comfort strategies is crucial, especially in educational settings where 
the well-being of users directly influences learning outcomes [12]. These deficiencies, therefore, may exacerbate 
educational inequalities, inadvertently disadvantaging students in certain regions.  
 
This study aims to examine whether educational buildings in Türkiye are designed uniformly across different 
climatic regions, evaluate their climate responsiveness, and, in cases where climate responsiveness is lacking, 
predict the potential short and long-term adverse impacts on student health and well-being and academic 
performance, to promote equitable learning environments. This research utilised the Köppen climate classification 
as the most widely used global climate classification system [13] to categorise Türkiye's climatic zones and 
selected pilot cities representing regions with extreme heat and cold conditions. The application of this 
classification to examine educational buildings in Türkiye, where such an analysis has not been previously  
conducted, highlights the significance of this research [14]. Following this, the educational buildings in these cities 
were assessed for design uniformity through architectural planning and overlapping analysis. In the next phase, 
the climate responsiveness of the selected buildings is evaluated based on key design parameters, including 
orientation, spatial layout, window-to-wall ratio, and other climate-responsive features, to determine how well 
these buildings adapt to their local environmental conditions. After identifying the uniformity of educational 
buildings across various climatic conditions and evaluating their lack of climate-responsive design, in the final 
phase, the potential short- and long-term impacts of this situation were synthesised using insights from the 
literature. This research highlights the often-overlooked intersection of climate, design, and education, 
contributing to the ongoing discourse on creating equitable learning environments. It offers valuable insights for 
administrative bodies, ministries of education, architects, and educators to rethink and redesign school building 
infrastructure in ways that foster equitable learning opportunities and support academic success for all students. 
 
2.  Background 
 
2.1. The role of the physical environment in the learning environment 
 
Educational environments play a critical role in shaping the students’ learning experience, positively influencing 
both cognitive performance and emotional well-being [15]. Numerous studies have consistently shown that indoor 
environmental quality (IEQ) factors, such as lighting, thermal comfort, air quality, and noise levels, directly affect 
students’ concentration, classroom participation and overall academic success [16]. For instance, classrooms with 
sufficient daylight and proper ventilation enhance students' cognitive performance during lessons, whereas poor 
thermal conditions or inadequate acoustics interfere with the learning process of students and increase their 
stress levels [17]. Evidence suggests that low lighting levels and poor air quality in learning environments can 
reduce cognitive performance by up to 36%, whereas optimal indoor comfort conditions, such as good lighting 
and optimum air quality, enable 90% of students to complete given tasks effectively and on time [18]. Additionally, 
high lighting levels have a booster impact on the time students spend on task completion by 41.7%. Similarly, 
maintaining the classroom temperatures between the optimum range of 22.4°C and 24.7°C significantly improves 
students’ cognitive performance [19]. Excessive noise levels, on the other hand, adversely impact students' hearing 
and comprehension abilities, thereby disrupting functional learning [20]. For this reason, designing learning 
environments that adequately address students' physical and cognitive requirements is crucial to guiding them 
toward achieving successful educational outcomes. Therefore, in countries like Türkiye, with diverse and extreme 
climatic conditions, it is essential to prioritise indoor environmental quality (IEQ) and adapt educational buildings 
to local climates using climate-responsive design strategies, not only supporting environmental sustainability but 
also ensuring student comfort, promoting equitable and effective learning environments across all regions. 
 
Standard projects primarily function as models utilised by the state to deliver rapid and cost-effective solutions 
while also being preferred for their ability to reduce planning errors [21]. They are typically designed and 
implemented by architects in a pilot region, often without considering critical factors such as land, climate, context, 
and topography related to the specific function of the project, whether it be for health, education, or other public 
structures [22]. Consequently, these standard educational designs overlook significant factors that are critical for 
countries with diverse climatic conditions, such as Türkiye, which experiences a range of climates from the hot, 
dry summers of the Mediterranean and Aegean regions to the cold winters of Eastern Anatolia.  
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Despite the significance of climate-responsive design, public school buildings in Türkiye are typically constructed 
using standardised architectural projects that rely on repetitive organisational layouts, neglecting to account for 
climatic conditions [23]. The standard educational structures are revised based on heat calculations and ground 
survey characteristics specific to the regions where they will be implemented. However, these revisions do not 
incorporate a building design approach that considers the local climate [24].  
Educational building designs must prioritise user comfort both in the short and long term while also being mindful 
of the local climate conditions. The climate of the area where a building is constructed is a crucial factor that should 
not be overlooked when considering indoor thermal comfort. Additionally, school buildings should be designed 
with a flexible planning approach that not only addresses the needs of the current time but also considers the 
future requirements of upcoming generations of students. The typical one-size-fits-all strategy can adversely 
impact the quality of indoor comfort in educational spaces, particularly in areas with extreme climatic conditions 
[25]. For instance, schools located in hot climates often face challenges with excessive heat accumulation and 
insufficient cooling. In contrast, those in colder climates may not have the necessary insulation to keep 
temperatures comfortable [26]. Such deficiencies in the built environment can result in discomfort, reduced 
cognitive performance, and negatively impact students' overall well-being. In conclusion, the design of upcoming 
school buildings should be tailored to ensure they are conducive to education and provide a comfortable indoor 
environment. In this regard, there is an urgent need to reconsider the architectural design of educational facilities 
in Türkiye better to address the environmental requirements of various climate zones. 
 
2.2. Climate-responsive educational building design  
 
Climate-responsive building design has gradually emerged as a vital strategy for creating sustainable and 
comfortable learning environments, effectively addressing the urgent need for energy efficiency and improved 
indoor comfort in educational facilities. Key parameters of climate-responsive building design include optimising 
natural ventilation, thermal mass, shading, and orientation to adapt to climatic conditions, enhancing comfort and 
energy efficiency [27] [28]. The climate responsiveness of this study was evaluated using the architectural 
drawings of school buildings in the predefined pilot cities. Consequently, the parameters for the climate-
responsive design were limited to the information obtained from these drawings, such as building orientation, 
insulation, shading, and the ratios of window-to-floor area (WFR) and window-to-wall area (WWR). These design 
parameters can be further elaborated as follows; 
 
Building Orientation: There is no universally correct building orientation that applies across all climatic 
conditions. For instance, in warm climates, a southern orientation is preferred to maximise solar gain during the 
winter while minimising it in the summer. Benharchache et al. (2023) have shown that southern, northern, and 
eastern orientations are optimal for building placement in various regions of Algeria, significantly enhancing 
energy conservation.  
Insulation material and thickness: The application of insulation is influenced by regional conditions, the type of 
materials utilised, and their thicknesses. Research conducted by Amani (2024) indicated that insulation materials 
such as polystyrene and bio-composite fibers have substantially reduced energy consumption in specific regions, 
resulting in savings that exceed 45%. Researchers also showed that effective thermal insulation can reduce heat 
loss from roofs by 14.2% and from walls by 26.5%, resulting in significant energy savings in warm and humid 
climates.  
Window-to-Wall Area Ratio (WWR): The window-to-wall area ratio (WWR) refers to the proportion of window 
area to the total exterior wall area of a building. An optimised window-to-wall area ratio (WWR) can provide 
substantial energy savings; for instance, a recommended WWR of 65% is suggested for south and east-facing 
facades in Mediterranean climates [31]. Conversely, A WWR exceeding 70% should be avoided in hot climates 
unless adequate shading is provided to prevent excessive heat gain [32].  
Window-to-Floor Area Ratio (WFR): The window-to-floor area ratio (WFR) is another crucial parameter for 
optimising natural light, enhancing indoor comfort, and improving energy efficiency. Mirrahimi et al. (2013) 
suggested that a WFR of 15% to 20% is ideal for classrooms in Malaysia, providing sufficient daylight considering 
the temperature and humidity of the tropical climate. On the other hand, a higher WFR of approximately 20% is 
generally recommended in temperate regions like Europe, where sunlight is less intense, to ensure adequate 
daylighting [34].  
Sun-Shading Elements: Integrating practical sun-shading elements, such as overhangs and shutters in building  
facades can significantly reduce cooling energy consumption, particularly in regions with high solar radiation, 
while improving thermal comfort [35]. 
Future Considerations: As climate change increases the demand for cooling, building designers are encouraged 
to incorporate future climate scenarios into their design processes to ensure comfort and efficiency in hotter 
regions [36]. 
Global examples illustrate that climate-responsive design strategies, such as optimising building orientation and 
enhancing thermal comfort, can yield significant energy savings.  
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Studies showed that these strategies have achieved up to 12% greater energy efficiency compared to traditional 
methods in India [37], whereas educational buildings in hot-dry and hot-humid regions, like Iran, have also 
benefited from optimal building orientation and the incorporation of green areas for shading, leading to improved 
energy efficiency and user comfort [38].  
These diverse climate examples underscore the potential advantages of climate-responsive design in creating 
learning environments that prioritise both student comfort and energy efficiency, offering valuable insights for 
Türkiye. Achieving a balance among climate-responsive design parameters is crucial for developing equitable 
educational environments that align with optimal building performance and occupant comfort in various climate 
conditions. Thus, this research has developed design recommendations to provide maximum occupant comfort 
and equitable learning environments across various climates, particularly focusing on these key parameters. 
 
 
2.3. The role of learning environment on educational equity  

 
The physical conditions of educational environments typically depend on a standardised design, which often fails 
to meet the unique needs of different regions, leading to issues of equity [39]. Research indicates that over 90% of 
educational institutions suffer more damage from disasters, particularly those in communities with limited 
funding or adverse climate conditions [40]. This situation highlights that students in regions facing challenging 
climate conditions are more vulnerable to harmful environmental factors, which can negatively impact their 
academic performance and overall health and well-being. 
In Türkiye, disparities in educational infrastructure between central and peripheral regions and changing climate 
conditions exacerbate existing inequalities. Infrastructure damage during the winter season can result in extended 
class cancellations, leading to a loss of productive class hours. The cancelled classes each day due to environmental 
factors can also cause missed opportunities for students to learn and issues of equity among students in various 
climatic conditions [41]. Conversely, students in well-funded or temperate regions benefit from climate-
appropriate and comfortable learning environments, whereas those in harsher climates encounter numerous 
challenges that undermine their motivation to learn, including health issues and anxiety related to natural 
disasters [42].  
 
Educational equity encompasses not only access to education but also the right of all students to learn in physically 
suitable and comfortable environments that promote their well-being. In regions with extreme climate conditions, 
students encounter additional obstacles such as thermal discomfort and poor air quality in educational settings, 
as school buildings are often not designed to meet the specific climatic needs of the area. Although governments 
have implemented various policies to address these challenges, such as adjusting school timetables and developing 
heat response plans, significant gaps remain in effectively addressing posed by climate change [43]. Despite the 
implementation of various policies by governments to address these challenges, such as adjusting school 
timetables and developing heat response plans, significant gaps persist in effectively addressing the issues posed 
by climate change. Consequently, the climatic suitability of learning environments has emerged as a critical area 
of research, given its profound impact on students’ motivation, health, and academic performance.  
 
2.4.  Aim and hypotheses  
 
School environments, where students spend the majority of their time, are essential not only for energy efficiency 
and sustainability but also for their physical, cognitive, and psychological health, as well as their academic 
performance [44]. The literature indicates that deficiencies in comfort, such as inadequate heating, cooling, and 
ventilation, within educational environments adversely affect students' motivation, concentration, and overall 
health [45]. For instance, insufficient natural lighting diminishes visual comfort and cognitive performance [46], 
while a lack of thermal comfort poses risks to physical health in the learning environment [47]. Therefore, the 
widespread adoption of standardised project designs, often implemented for economic and practical reasons, 
overlooks local climate differences, which may lead to school buildings in various climatic zones, such as those in 
Türkiye, failing to meet user needs and neglecting crucial factors like indoor comfort, energy efficiency, air quality, 
and the principle of equitable education.  
 
Despite a substantial body of research on the impact of environmental factors on learning [48], relatively few 
studies in Türkiye have specifically explored the role of climate-responsive design in enhancing educational equity 
[49]. Current research on educational buildings in the country has mainly focused on standardised project design, 
frequently neglecting the unique challenges presented by specific climatic conditions in various regions, as well as 
the discomfort stemming from the inequitable environments in which students learn [50]. Moreover, the 
relationship between climate-responsive building design and students' cognitive performance remains an under-
explored area within the Turkish context.  
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This study aims to examine whether educational buildings in Türkiye are designed uniformly across different 
climatic regions, evaluate their climate responsiveness, and, in cases where climate responsiveness is lacking, 
predict the potential short- and long-term adverse impacts on student health, well-being, and academic 
performance. This research utilised the Köppen climate classification to categorise Türkiye's climatic zones and 
selected pilot cities representing extreme heat and cold regions. Following this, the educational buildings in these 
cities were assessed for design uniformity through architectural plan analysis and overlapping analysis. In the next 
phase, the climate responsiveness of the selected buildings is assessed based on key design parameters, including 
orientation, spatial layout, window-to-wall ratio, and other climate-responsive features, to determine how well 
these buildings adapt to their local environmental conditions. After identifying the uniformity of educational 
buildings across various climatic conditions and evaluating their lack of climate-responsive design, in the final 
phase, the potential short- and long-term impacts of this situation were synthesised using insights from the 
literature. 
 
The key hypotheses guiding this study are as follows: 
Hypothesis 1: Educational buildings in Türkiye are designed uniformly across different climatic regions, 
regardless of local climate conditions. 
Hypothesis 2: The climate responsiveness of educational buildings in Türkiye is insufficient to meet the specific 
needs of students in varying climatic zones. 
This study explores how climate-responsive design strategies can advance equity in education by enhancing 
indoor comfort, fostering supportive learning environments for all students, and improving energy efficiency. It 
seeks to deepen the understanding of the relationship between architecture, climate, and educational outcomes, 
providing valuable insights for future design practices and policies that prioritise sustainability and equity. 
Furthermore, the research emphasises the necessity of a flexible planning approach in designing educational 
facilities to address future climate comfort needs resulting from climate change. 
 
3. Material and Method 
 

 
Figure 1. Methodology Flow Diagram 
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The accompanying diagram (Figure 1) illustrates the methodology flow, which visualises the methodology's 
narrative. It was observed that educational structures concerning standard projects focused on thermal comfort 
and the Köppen Climate Classification across different climate types had not been analysed. This gap highlights 
one of the study's originality. Considering its global recognition, the Köppen Climate Classification was selected 
for its validity and applicability in this research. Data on provinces and districts were sourced from the tables titled 
"Climate Type and Climate Characteristics of Our Provinces and Some Districts According to Köppen," obtained 
from the General Directorate of Meteorology [51]. Additionally, the annual average temperature, as well as the 
average highest and lowest temperatures for each province in Türkiye classified by climate type, were visualised 
using information from the "Seasonal Normals of Our Provinces (1991-2020)" table published by the General 
Directorate of Meteorology [52]. Since districts are not included in this publication, their annual average 
temperatures were accessed through the Weather Spark website [53]. In light of this information, tables were 
created for each climate type, presenting annual average temperature, average maximum temperature and 
average minimum temperature data in the context of the Köppen Climate classification of cities in Türkiye  (see 
Appendix 1). 
 
The produced data was transformed into three stages of graphs to clarify the climate data of Türkiye, and define 
pilot cities and schools for analysis. In the first stage, the general average temperatures of Türkiye, including the 
average highest and lowest temperatures, were converted into graphs (see Figures 2, 3, and 4). Secondly, ten 
Köppen climate types seen in Türkiye were compared through graphs of average, highest, and lowest 
temperatures, highlighting pilot cities that exemplify each climate type (see Figures 5,6,7). Lastly, predefined pilot 
cities with extreme temperature characteristics were compared with each other, focusing on extremely hot and 
cold cities (see Figures 8 and 9). The similar characteristics of primary, secondary and high schools to address 
the changing needs of users across different age groups were then tested based on two following hypotheses; 
 
The first hypothesis of this study was whether educational buildings in Türkiye are designed uniformly across 
different climatic regions, regardless of local climate conditions. Firstly, educational buildings in Türkiye were 
compared regarding their architectural layouts using the pilot schools’ drawings obtained from the EKAP 
(Electronic Public Procurement Platform), which provides architectural drawings of public school buildings in 
Türkiye. For each pilot region experiencing different climate types, plan diagrams were developed for primary, 
secondary, and high school buildings, with one representing extremely hot conditions and another depicting 
extremely cold conditions. Secondly, the Mean Absolute Deviation Percentage (MDAP) analysis [54] was utilised 
to evaluate the degree of overlapping among these designs. This analysis revealed the extent to which the sizes of 
schools, particularly in spaces such as classrooms and corridors, varied in their architectural design. 
 
The second hypothesis was whether the climate responsiveness of educational buildings in Türkiye is insufficient 
to meet the specific needs of students in varying climatic zones. In order to test this hypothesis, accessible 
parameters in the architectural drawings obtained from the EKAP platform were considered as indicators of 
climate-responsive building design. These parameters were insulation material and thickness, shading elements, 
building orientation, window and floor area ratio (WFR), and window and wall area ratio (WWR). The examination 
focused on primary, secondary, and high school buildings located in extremely hot and cold pilot cities 
representing each climate type.  
 
Afterwards, the parameters were assessed against the guideline values specified for that region. Orientation, 
shading elements, and window-to-floor areas (WFR) of classrooms were evaluated using the guidelines prepared 
by the Ministry of National Education [55]. The suitability of insulation materials was assessed based on degree 
day regions [56]. Furthermore, window-to-wall areas (WWR) and window-to-floor areas (WFR) [57] were 
analysed based on the optimal values provided in the literature. In the final stage, the discussion focused on 
whether a lack of climate responsiveness in educational buildings negatively impacts student health and well-
being, drawing on the findings from Hypotheses 1 and 2. The subsequent stage of this study, which is not included 
in this manuscript, will focus on real-world applications, anticipating that the design of typical buildings in 
different climates will lead to unequal learning environments, as indicated by both students’ feedback and 
measurement results. In this stage, specific schools in various climates will be visited, and students’ comfort levels 
and cognitive performance in that specific environment will be tested, considering instantaneous environmental 
parameters such as daylight, temperature, noise level, etc. 
 
4. Results 
 
This study explores the typological similarities and climate responsiveness of school designs across Türkiye's 
diverse climatic regions, explicitly examining how these designs adapt to local environmental conditions. In 
addition, it addresses the need for equality among students whose learning environments are influenced by 
varying climates and the challenges they encounter.  
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By understanding these adaptations, the research aims to contribute to more equitable educational experiences 
for all students, regardless of their geographic and climatic contexts. 
 
4.1. Determination of pilot cities 
 
The Köppen climate classification evaluated Türkiye's diverse climatic regions by analysing average, maximum, 
and minimum temperatures. The study examined variations among these categories, presenting results through a 
series of graphs ranging from broad to specific insights. Figure 2 shows that the mean annual temperature in 
Türkiye varies significantly, from approximately 6°C in the eastern provinces to 18°C in the southern coastal 
regions, with middle areas falling in between. Figure 3 illustrates that average maximum temperatures can exceed 
40°C in southeastern provinces like Şanlıurfa during the summer, while northern coastal areas experience 
temperatures of 30°C or lower. Conversely, Figure 4 indicates that average minimum temperatures can drop to -
15°C in eastern provinces such as Erzurum during winter, whereas western and coastal regions rarely fall below 
5°C. These graphs highlight Türkiye's climatic diversity, aiding in the selection of pilot provinces, Şanlıurfa and 
Erzurum, representing extreme heat and cold, respectively, to assess the adaptability of school designs to local 
climates. 
 

 
Figure 2. Köppen Climate Classification Türkiye Average Temperatures 

 

 
Figure 3. Köppen Climate Classification Türkiye Average Maximum Temperatures 

 

 
Figure 4. Köppen Climate Classification Türkiye Average Minimum Temperatures 

 

As illustrated in the graphs, temperature differences within a single province in Türkiye can range between 15°C 
and 20°C even during the same month, underscoring the inadequacy of relying on typological similarity for such 
diverse climatic conditions. The Köppen climate classification categorises climate groups using a three-letter 
system.  
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The first letter identifies the general climate type: A (Equatorial Region), B (Arid Region), C (Warm Temperate 
Region), D (Snow Region), and E (Polar Region). The second letter specifies precipitation patterns, while the 
third details temperature variations [58]. 
 
The study analysed the average highest and lowest temperatures across the 10 Köppen climate types in Türkiye, 
along with the overall temperature averages. Figure 5 indicates that the annual average temperature ranges from 
18°C in the colder D climate type to 33°C in the hotter B climate type. Figure 6 highlights that average summer 
temperatures exceed 40°C in southeastern provinces like Şanlıurfa, whereas other provinces typically see peaks 
below 30°C. In contrast, Figure 7 illustrates that average lows can drop to -17°C or lower in eastern provinces 
such as Ardahan, while in other areas like Ceylanpınar, winter temperatures rarely fall below 5°C. These numerical 
variations were essential for identifying pilot cities where specific climate types were most prominent. The 
findings are presented graphically to offer a more precise visual representation of the significant climate changes 
across Türkiye. 
 

 
Figure 5. Türkiye Köppen Climate Classification Average Temperatures 

 

 
Figure 6. Türkiye Köppen Climate Classification Average Maximum Temperatures 
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Figure 7. Türkiye Köppen Climate Classification Average Minimum Temperatures 

 

In the context of the Köppen climate classification, the climate types of Türkiye, along with the differences between 
them and the extreme hot and cold pilot cities associated with each type, have been analyzed. The coldest pilot 
cities, represented in Figure 8, include Ceylanpınar and Ardahan, where average winter temperatures range from 
2°C to -16°C. In contrast, the warmest pilot cities, depicted in Figure 9, experience summer temperatures often 
reaching between 25°C and 35°C, with extreme highs approaching 40°C. These significant differences highlight the 
inadequacy of typologically designed educational structures in providing equitable learning environments across 
regions. For example, schools in Ardahan may struggle to maintain thermal comfort during harsh winters, while 
those in Şanlıurfa face challenges in cooling during the intense summer heat. This inability to adapt to diverse 
climatic conditions emphasizes the urgent need for climate-responsive design tailored to the specific 
environmental demands of each region. 
 

 
Figure 8. The differences observed among the coldest pilot cities  
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Figure 9. The differences observed among the warmest pilot cities  

 

4.1. Hypothesis 1: Identification of typological similarity 
 
The first hypothesis evaluated the degree of uniformity in school designs across pilot cities with varying climate 
types through an overlap analysis of plan schemes. The results indicated a high level of typological similarity 
among schools in these regions. To determine whether schools in pilot provinces with extreme climate values were 
designed as uniform projects, detailed data were collected from EKAP. Plan schemes, building sizes, and the 
percentage overlap of spaces for primary, secondary, and high school projects of the same quality were analysed 
in a typological context using MADP analysis.  
The findings revealed significant overlap: primary schools exhibited a 69% typological overlap, secondary schools 
had the highest at 92%, and high schools also showed a 69% overlap. Furthermore, variations in building sizes 
across different provinces were minimal, with differences averaging only 5-8% between regions.  
These results demonstrate that educational buildings are predominantly uniform in design despite being situated 
in provinces with distinct climatic conditions. For example, schools in Erzurum (cold snow climate, D) and 
Şanlıurfa (hot arid climate, B) share nearly identical layouts and building dimensions, highlighting the inadequacy 
of current typological designs in meeting climate-specific needs. 
 

4.1.1. Plan schemes analysis 
 

4.1.1.1. Primary schools 
 
The analysis of primary school projects in pilot provinces with varying climatic conditions revealed that the plan 
schemes were predominantly similar and linear. As illustrated in Figure 10, most schools followed a linear design, 
with classrooms and administrative spaces organised along central corridors. For instance, primary schools in 
Ardahan (climate D) and Şanlıurfa (climate B), representing two extremes in temperature differences, exhibited 
nearly identical layouts, featuring average corridor widths of 2.5 meters and classroom sizes of approximately 50 
square meters. These findings underscore the lack of adaptation to regional climate needs, as the same linear 
layouts are employed despite significant variations in temperature and environmental conditions between the 
provinces. 
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Figure 10. Primary school project plan schemes  

 
 

4.1.1.2. Secondary schools 

 
Secondly, the analysis of secondary school projects in pilot provinces with varying climate conditions revealed 

that the layout schemes were predominantly similar and followed a linear pattern, as depicted in Figure 11. 

Notably, a striking resemblance was observed between the designs of secondary and primary schools. For 

instance, corridor widths and classroom sizes in secondary schools closely align with those in primary schools, 

averaging 2.5 meters and 50 square meters, respectively. This homogeneity underscores the lack of climate-

responsive and user-specific considerations in the design process. The standardised layouts fail to address the 

unique needs of secondary school users, particularly older students who require differentiated spatial 

arrangements to enhance their learning environments. Consequently, the findings highlight that secondary 

schools, much like primary schools, are designed without specific adaptations to their users' diverse climatic and 

educational needs. 

 

 

 

 

 

 

 

 

 

Plan Diagrams of Schools in Extreme Warm Pilot Cities Plan Diagrams of Schools in Extreme Cold Pilot Cities 
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Figure 11. Secondary school project plan schemes  

 

4.1.1.3. High schools 
 
Finally, the analysis of high school projects in pilot provinces with varying climates revealed that the architectural 
plan schemes displayed a notably similar and predominantly linear design, as illustrated in Figure 12. It was 
emphasised that there was consistent adherence to standard layouts across regions. When comparing the 
architectural plans of basic educational buildings (primary schools, secondary schools, and high schools), a high 
degree of similarity was observed, regardless of climate type or user group. In particular, the architectural designs 
of these schools did not reflect significant adjustments to accommodate the differing needs of user groups. This 
lack of differentiation becomes especially problematic as the average age of the user groups increases. [59] noted 
that metabolic rates change with age, directly impacting comfort standards, particularly thermal comfort. For 
instance, younger students in primary schools may have lower thermal comfort requirements, while older 
students in high schools need different environmental conditions to maintain comfort and focus. However, the 
design uniformity across educational structures fails to consider these metabolic and comfort differences, further 
underscoring the inadequacy of typological designs in providing equitable and climate-responsive learning 
environments. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Plan Diagrams of Schools in Extreme Warm Pilot Cities Plan Diagrams of Schools in Extreme Cold Pilot Cities 
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Figure 12. High school project plan schemes 

 

4.2.2. Overlap analysis 
 
The study conducted a comprehensive analysis to evaluate the typological similarity of school architectural 
designs by calculating the overlap percentages of various spaces. The classroom, being the primary space where 
students spend most of their time and crucial for cognitive performance, was prioritised in the analysis. Following 
the classroom, corridor spaces and other areas were also included in the overlap calculations, providing a 
thorough understanding of how different spaces in schools compare. As seen in Table 1, a significant finding was 
that middle schools exhibited an impressive 92% overlap in their architectural plans, indicating a strong similarity 
in design across various middle schools. Additionally, both primary and high schools showed a 69% overlap, 
highlighting notable similarities in their architectural plans despite differences in educational levels. Furthermore, 
the MADP value, particularly for classrooms, remained below 5, reflecting minimal differentiation. These results 
emphasise the importance of considering not only the plan schemes but also the actual spatial configurations when 
evaluating the typological similarities of schools. The findings indicate that while there are distinct characteristics 
in school designs, there is a significant level of uniformity, especially among primary, secondary, and high schools, 
suggesting a need for more climate-responsive and user-specific design approaches. 
 
 
Table 1. Overlap analysis 

MADP 

Primary School Secondary School High School 
Classrooms: 4,6 Classrooms: 3,9 Classrooms: 4,1 
Corridors: 3,4 Corridors: 2,4 Corridors: 5,5 

Other Areas: 6,6 Other Areas: 3,9 Other Areas: 8,2 

Standard Deviation  
Classrooms: 6,6 Classrooms: 5,0 Classrooms: 5,3 
Corridors: 4,9 

Other Areas: 9,4 
Corridors: 3,0 

Other Areas: 4,7 
Corridors: 7,7 

Other Areas: 12,5 
Overlapping Percentage 69% 92% 69% 

 
 

 

 

 

 

Plan Diagrams of Schools in Extreme Warm Pilot Cities Plan Diagrams of Schools in Extreme Cold Pilot Cities 
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The analysis revealed that the architectural plans of primary, secondary, and high schools across various climate 
types in Türkiye exhibit a high degree of similarity. Notably, the study confirmed significant typological similarity 
among these educational structures, with a 69% overlap for primary and high schools and an impressive 92% for 
secondary schools. This indicates that the designs remain largely uniform despite differing climatic conditions. 
Moreover, there is no substantial variation in the architectural designs of these schools across different user 
groups. Therefore, it is crucial to emphasise the need for schools to be designed in a manner that adapts to the 
evolving needs of their users. 
 
4.3. Hypothesis 2: Identification of climate responsive design 
 
The second hypothesis of this study posits that the climate responsiveness of educational buildings in Türkiye is 
insufficient to meet the specific needs of students across varying climatic zones. To test this hypothesis, 
accessible parameters from the EKAP platform, such as insulation material and thickness, shading elements, 
building orientation, window floor area ratio (WFR), and window wall area ratio (WWR), were considered as 
indicators of climate-responsive design. These parameters were examined in primary, secondary, and high 
school buildings located in regions characterised by extremely hot and cold climates. Subsequently, these 
parameters were evaluated against the guideline values specified for each region. 
 
4.3.1. Insulation 
 
Insulation was analysed due to its crucial role in ensuring thermal comfort within buildings [60]. The window floor 
area ratio was also considered, as it impacts both thermal and lighting comfort in relation to the depth and façade 
of a space [61]. The window wall ratio is another important parameter influencing comfort, particularly through 
façade design and orientation, and should vary according to climate [62]. Building orientation inherently affects 
all these window and façade ratios [63]. Additionally, shading elements are essential design features that must be 
integrated into façade design to meet climate requirements [64]. Upon examining the insulation parameters of 
primary school projects (Table 2), secondary school projects (Table 3), and high school projects (Table 4), it 
becomes evident that, despite attention to insulation, there is a noticeable tendency to overuse materials, which 
adversely impacts cost-effectiveness. For instance, primary schools typically employ 8 cm of Stone Wool wall 
insulation thickness in 3rd Degree day zones, while the recommended insulation for these zones is only 5 cm, 
suggesting potential material overuse. Similarly, secondary schools utilise 10 cm of XPS wall insulation, whereas 
the recommended insulation for 4th Degree day zones is just 6 cm. In high school projects, insulation also tends to 
exceed recommended parameters, with instances of using up to 5 cm of Stone Wool when only 4 cm of insulation 
is necessary for 2nd Degree zones. This overuse can result in unnecessary costs without significantly enhancing 
thermal comfort. 
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Table 2. Investigation of insulation parameters of primary schools 
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Table 3. Investigation of insulation parameters of secondary schools 

 
 
Table 4. Investigation of insulation parameters of high schools 
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4.3.2. Orientation and shading elements  
 

It is evident that shading elements and orientation parameters are largely overlooked in various educational 
projects. In the primary school projects (Table 5), it is particularly notable that the shading elements mandated 
by the Ministry of National Education are absent in 85% of the analysed schools located in hot and dry regions, 
such as Şanlıurfa and Van. Additionally, none of the 18 primary schools examined implemented orientations 
correctly, with an average deviation of 15° from the recommended angles. A similar trend is observed in secondary 
school projects (Table 6), where 78% of the schools lacked appropriate shading elements, and the orientation was 
incorrectly implemented in 12 out of 18 schools, deviating by an average of 12° from optimal orientations. In 
contrast, high school projects (Table 7) demonstrate a more favourable situation, as shading elements were 
present in 3 out of 5 schools in the hot and dry region, where they are required, indicating a positive shift toward 
climate-responsive design. However, even in these cases, the average deviation of orientation from the 
recommended angles is 10°, suggesting that further improvements are necessary across all levels of education. 
 
Table 5. Investigation of shading element and orientation parameters of primary schools 
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Table 6. Investigation of shading element and orientation parameters of secondary schools 

 
 

Table 7. Investigation of shading element and orientation parameters of high schools 

 
 
 

4.3.3. Window-to-wall area ratio (WWR) 
 

Regarding the window-to-wall area ratio (WWR) parameter, some harmony is observed in the facades of primary 
school buildings, with 11 out of 18 schools showing consistent design (Table 8). However, there are no instances 
where every facade is harmonised. In analysing selected classrooms, this lack of compatibility can negatively 
impact interior comfort conditions. Additionally, it was found that 55.5% of the classrooms are situated on the 
east and west facades. In secondary schools (Table 9), only 7 out of 18 projects—approximately half—were 
designed in accordance with the recommended ratio, and no classrooms met the appropriate ratio criteria. 
Furthermore, in secondary school projects, 50% of the schools are also located on the east and west facades. In 
high school projects (Table 10), appropriate values for the WWR are more frequently observed compared to 
primary and secondary schools. In these projects, at least one facade (13 out of 15) falls within the recommended 
ratio range in nearly all schools. Another noteworthy observation is that, unlike primary and secondary schools, 
almost all high school classroom facades (13 out of 15) are oriented toward the south and north.  
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However, the classroom arrangements do not align with climate zone recommendations, as observed in the 
primary and secondary schools. 
 
Table 8. Investigation of window-wall area ratio (WWR) parameters of primary school 

 
 

Table 9. Investigation of window-wall area ratio (WWR) parameters of secondary school 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Köppen Climate 

Classification

Köppen Climate Classification 

Codes

North 

Facade

Recommended 

%5-10

South 

Facade

Recommended 

%10-22.5

East 

Facade

Recommended 

%10-15

West 

Facade

Recommended 

%10-15
Orientation Degree Control

Csa Van 19 X 16,9 ✓ 24,3 X 20,9 X East West 40,4 X

Cfa Tosya/Kastamonu 5,4 ✓ 7,2 X 16,9 X 19,5 X East West 28,6 X

Cfb Kastamonu 9,6 ✓ 12,4 ✓ 26,2 X 25,6 X East West 44,5 X

Csb Sivas 3,8 X 3,8 X 21,7 X 28,2 X East West 35,2 X

 BSk Konya 4,7 X 4,7 X 26 X 27,2 X East West 43,6 X

BSh Ceylanpınar/Şanlıurfa 26,4 X 26,1 X 4 X 4,3 X North South 37,3 X

 Dfb Ardahan 24,2 X 0,4 X 7,3 X 5,9 X East West North E - W: 20 N: 34,2 X

Dsa Muş 3,6 X 10,6 ✓ 22,9 X 16,3 X East West 30,9 X

Dsb  Ağrı 28,9 X 24,9 X 2,3 X 4,4 X North South 42,7 X

North 

Facade

Recommended 

%5-10

South 

Facade

Recommended 

%10-22.5

East 

Facade

Recommended 

%10-15

West 

Facade

Recommended 

%10-15

Csa Şanlıurfa 11,1 X 4,3 X 27,2 X 26,3 X East West 36,1 X

Cfa Afyonkarahisar 36,8 X 30,8 X 27 X 22,2 X North South 38,7 X

Cfb Kastamonu 9,6 ✓ 12,4 ✓ 26,2 X 25,6 X East West 44,5 X

Csb Gümüşhane 27,4 X 42,1 X 0 X 20,4 X North South 31 X

 BSk Malatya 31 X 23,7 X 12,3 ✓ 2,5 X North South 43,4 X

BSh Ceylanpınar/Şanlıurfa 26,4 X 26,1 X 4 X 4,3 X North South 37,3 X

 Dfb Erzurum 22,5 X 23,2 X 6,7 X 6,7 X North South N: 37,5 S: 42,2 X

Dsa Muş 3,6 X 10,6 ✓ 22,9 X 16,3 X East West 30,9 X

Dsb  Ağrı 28,9 X 24,9 X 2,3 X 4,4 X North South 42,7 X

WARM

SECONDARY SCHOOL TYPE PROJECTS Window-Wall Area Ratio (%) Sample Classrooms

COLD

Sample Classrooms
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Table 10. Investigation of window-wall area ratio (WWR) parameters of high school 

 
 

 

4.3.4. Window-to-floor area ratio (WFR)  
 
The window-to-floor area ratio (WFR) shows appropriate values on at least one facade in 7 out of 18 primary 
schools (Table 11). Additionally, 4 out of 18 classrooms meet the appropriate WFR criteria. However, none of the 
classrooms achieved the 25% rate the Ministry of National Education recommended. In secondary schools (Table 
12), none of the 18 schools in extremely cold cities fall within the appropriate value range, while 3 schools in 
extremely hot pilot cities meet the criteria. When examining the optimal WFR value range for classrooms, it is 
observed that only 6 out of 18 schools achieve this standard. In high school projects (Table 13), none of the 15 
schools in extremely cold cities meet the appropriate value range, while 3 schools in extremely hot pilot cities 
comply. The same pattern is evident in classrooms, as the 25% WFR rate recommended by the Ministry of National 
Education is absent in all high schools, similar to the findings in secondary and primary schools. 
 
Table 11. Investigation of window-floor area ratio (WFR) parameters of primary school 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Köppen Climate 

Classification

Köppen Climate Classification 

Codes

North 

Facade

Recommended 

%5-10

South 

Facade

Recommended 

%10-22.5

East 

Facade

Recommended 

%10-15

West 

Facade

Recommended 

%10-15
Orientation Degree Control

Csa Van 24,7 X 23,2 ✓ 6,7 X 6,7 X North South N: 38 S: 42,8 X

Cfb Kastamonu 27,6 X 30,7 X 11 ✓ 3,7 X North South 36,3 X

Csb Sivas 31,7 X 40,8 X 16,7 X 18,4 X North South 41,1 X

 BSk Konya 6,7 ✓ 4,7 X 22 X 23,2 X East West E: 36,6 W: 27,4 X

BSh Ceylanpınar/Şanlıurfa 25,1 X 37 X 11,4 ✓ 19 X North South 38,9 X

Dsa Muş 16 X 18,2 ✓ 2,5 X 20,1 X North South 23,3 X

Dsb  Ağrı 19,2 X 18,5 ✓ 4,3 X 11,2 ✓ North South 25,5 X

North 

Facade

Recommended 

%5-10

South 

Facade

Recommended 

%10-22.5

East 

Facade

Recommended 

%10-15

West 

Facade

Recommended 

%10-15

Csa Şanlıurfa 22,4 X 16,5 ✓ 5,7 X 5,7 X North South 26 X

Cfa Afyonkarahisar 43 X 16,1 ✓ 3,9 X 3,1 X North South 43 X

Cfb Kastamonu 27,6 X 30,7 X 11 ✓ 3,7 X North South 36,3 X

 BSk Malatya 17,5 X 26,2 X 9,6 X 9,6 X North South 34 X

BSh Ceylanpınar/Şanlıurfa 25,1 X 37 X 11,4 ✓ 19 X North South 38,9 X

 Dfb Erzurum 7,2 ✓ 7,1 X 23,7 X 21,5 X East West E: 27 W: 36,6 X

Dsa Muş 16 X 18,2 ✓ 2,5 X 20,1 X North South 23,3 X

Dsb  Ağrı 19,2 X 18,5 ✓ 4,3 X 11,2 ✓ North South 25,5 X

COLD

WARM

Sample Classrooms

HIGH SCHOOL TYPE PROJECTS Window-Wall Area Ratio (%) Sample Classrooms

Köppen Climate 

Classification

Köppen Climate 

Classification Codes
North Facade

Recommended 

%24.5-29
South Facade

Recommended 

%24.5-29
East Facade

Recommended 

%20-25
West Facade

Recommended 

%20-25
Degree Control

MEB Recommended 

%25

Csa Van 9,9 X 6,5 X 12,7 X 16,3 X 16,5 X X

Cfa Tosya/Kastamonu 3,6 X 4,7 X 16,3 X 15,9 X 14,6 X X

Cfb Kastamonu 10,2 X 7,1 X 10,5 X 14,4 X 13,3 X X

Csb Sivas 16,5 X 14,3 X 15,6 X 17,5 X S: 15,9 E: 16,7 W:16,7 X X

 BSk Konya 5,9 X 3,7 X 21,7 ✓ 21,7 ✓ 24 ✓ X

BSh Ceylanpınar/Şanlıurfa 16,3 X 13,4 X 3,7 X 8,3 X 16,7 X X

 Dfb Ardahan 11,1 X 12,2 X 4,7 X 12,3 X S: 10,9 N: 15,1 W:49,8 X X

Dsa Muş 14 X 13,7 X 11,6 X 20 ✓ 14,4 X X

Dsb  Ağrı 3,2 X 2,9 X 18,6 X 19 X 10 X X

North Facade
Recommended 

%13.5-16.3
South Facade

Recommended 

%13.5-16.3
East Facade

Recommended 

%15-20
West Facade

Recommended 

%15-20

MEB Recommended 

%25

Csa Şanlıurfa 10 X 11,4 X 15,2 ✓ 16,2 ✓ 16,7 ✓ X

Cfa Afyonkarahisar 3 X 31,3 X 18,3 ✓ 18,6 ✓ 20 ✓ X

Cfb Kastamonu 10,2 X 7,1 X 10,5 X 14,4 X 13,3 X X

Csb Gümüşhane 10,5 X 13,4 ✓ 13,4 X 4 X 13,6 ✓ X

 BSk Malatya 24,3 X 19,8 X 14,1 X 14,1 X 21,6 X X

BSh Ceylanpınar/Şanlıurfa 16,3 X 13,4 X 3,7 X 8,3 X 16,7 X X

 Dfb Erzurum 15,6 ✓ 20,4 X 4,2 X 2,4 X 20,3 X X

Dsa Muş 14 X 13,7 X 11,6 X 20 ✓ 14,4 X X

Dsb  Ağrı 3,2 X 2,9 X 18,6 X 19 X 10 X X

Sample Classrooms

Sample Classrooms

North South

North South

East West

Window-Floor Area Ratio (%)PRIMARY SCHOOL TYPE PROJECTS

COLD

WARM

East West

East West

East West

North South

North South

North South

East West

North South

South North West

North South

East West

Orientation

East West

East West

East West

South East West
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Table 12.  Investigation of window-floor area ratio (WFR) parameters of secondary school 

 
 
Table 13. Investigation of window-floor area ratio (WFR) parameters of high school 

 
 
Notably, at least one facade of primary schools meets the recommended window-to-floor area ratio (WFR) of 38%, 
while this ratio is only 16% in secondary and high schools. Schools' responsiveness to climate is compromised by 
inappropriate orientation choices disregarding climatic conditions. For instance, the orientation of classrooms to 
the west—55.5% in primary schools and 50% in secondary schools—results in excessive heat gain during the 
afternoon, diminishing overall comfort. Furthermore, it is important to highlight that the optimal WFR value of 
25%, as recommended by the Ministry of National Education for educational buildings, was not achieved in any of 
the schools examined. This discrepancy underscores a critical area for improvement and emphasises the necessity 
of aligning architectural design with established standards to enhance the learning environment. The findings 
suggest that the typological design of educational structures across various climates fails to adequately address 
specific climatic needs, indicating a significant opportunity for improvement in future school designs. 
 
5. Discussion 
 
5.1.  Hypothesis 1: Public schools are typical in Türkiye  
 
Buildings for primary, secondary and high school education in Türkiye mostly employ standardized architectural 
platforms which seek to reduce project costs and construction time and minimize errors through linear layouts 
and repetitive facade details. The standardized architectural approach for school buildings tends to disregard 
location-specific factors which makes the educational delivery less effective for different cultural needs of students 
throughout the country. Some research has shown that many schools in Türkiye are built from reinforced concrete 
building materials and that the architectural appearance of the majority of schools does not reflect regional 
characteristics [65]. Moreover, such standardised designs that are common in designing learning environments 
fail to create learning environments that appropriately enhance the educational processes of diverse students by 
incorporating relevant characteristics such as local climates, cultural identity, or values of communities [66]. 

Köppen Climate 

Classification

Köppen Climate 

Classification Codes
North Facade

Recommended 

%24.5-29
South Facade

Recommended 

%24.5-29
East Facade

Recommended 

%20-25
West Facade

Recommended 

%20-25
Degree Control

MEB Recommended 

%25

Csa Van 7,2 X 10,4 X 18,4 X 14,9 X 17,9 X X

Cfa Tosya/Kastamonu 3,4 X 3,4 X 14,3 X 11,8 X 14,2 X X

Cfb Kastamonu 4,9 X 6,1 X 15,8 X 14,9 X 20 ✓ X

Csb Sivas 1,8 X 1,8 X 14,5 X 18,2 X 19,2 X X

 BSk Konya 5,3 X 3,6 X 12,3 X 13,8 X 20,2 ✓ X

BSh Ceylanpınar/Şanlıurfa 14,7 X 16,4 X 3 X 9,8 X 16,7 X X

 Dfb Ardahan 11,6 X 0,04 X 13,1 X 12,2 X E: 11,1 W: 11,1 N: 34,2 X X

Dsa Muş 18,4 X 8,7 X 15,1 X 13,4 X 14,4 X X

Dsb  Ağrı 14,1 X 18,2 X 2,4 X 2,9 X 17,9 X X

North Facade
Recommended 

%24.5-29
South Facade

Recommended 

%24.5-29
East Facade

Recommended 

%20-25
West Facade

Recommended 

%20-25

MEB Recommended 

%25

Csa Şanlıurfa 13,8 ✓ 9,7 X 17 ✓ 15,9 ✓ 16,7 ✓ X

Cfa Afyonkarahisar 15,8 ✓ 18 X 21,5 X 15,8 ✓ 18,2 X X

Cfb Kastamonu 4,9 X 6,1 X 15,8 X 14,9 X 20 ✓ X

Csb Gümüşhane 10,9 X 11,7 X 0 X 10 X 13,6 ✓ X

 BSk Malatya 21,5 X 33,4 X 9,8 X 2,2 X 16 ✓ X

BSh Ceylanpınar/Şanlıurfa 14,7 X 16,4 X 3 X 9,8 X 16,7 X X

 Dfb Erzurum 13,5 ✓ 15,1 ✓ 3,6 X 3,6 X N: 18,3 S: 20,2 X X

Dsa Muş 18,4 X 8,7 X 15,1 X 13,4 X 14,4 X X

Dsb  Ağrı 14,1 X 18,2 X 2,4 X 2,9 X 17,9 X X

WARM

East West

North South 

East West

North South 

North South 

North South 

North South 

East West

North South 

East West

North South 

East West North

East West

North South 

Sample Classrooms

SECONDARY SCHOOL TYPE PROJECTS Window-Floor Area Ratio (%) Sample Classrooms

Orientation

COLD

East West

East West

East West

East West

Köppen Climate 

Classification

Köppen Climate 

Classification Codes
North Facade

Recommended 

%24.5-29
South Facade

Recommended 

%24.5-29
East Facade

Recommended 

%20-25
West Facade

Recommended 

%20-25
Degree Control

MEB Recommended 

%25

Csa Van 15,8 X 14,3 X 2,8 X 2,8 X N: 18,9 S: 18,1 X X

Cfb Kastamonu 18,8 X 22,1 X 10 X 4 X 16,6 X X

Csb Sivas 19,8 X 23,6 X 10,6 X 10,7 X 21,1 X X

 BSk Konya 2,8 X 4,7 X 12,6 X 14,7 X E: 18 W: 13,5 X X

BSh Ceylanpınar/Şanlıurfa 15,9 X 16 X 14 X 14,2 X 17,9 X X

Dsa Muş 11,8 X 10,7 X 7,2 X 9,9 X 11,4 X X

Dsb  Ağrı 9 X 10,4 X 2,5 X 13,1 X 11,2 X X

North Facade
Recommended 

%24.5-29
South Facade

Recommended 

%24.5-29
East Facade

Recommended 

%20-25
West Facade

Recommended 

%20-25

MEB Recommended 

%25

Csa Şanlıurfa 15,7 ✓ 13,4 X 3,9 X 3,9 X 15,3 ✓ X

Cfa Afyonkarahisar 19,4 X 16,1 ✓ 3,9 X 3,1 X 16 ✓ X

Cfb Kastamonu 18,8 X 22,1 X 10 X 4 X 16,6 X X

 BSk Malatya 9,4 X 12,4 X 11 X 11 X 14,5 ✓ X

BSh Ceylanpınar/Şanlıurfa 15,9 X 16 X 14 X 14,2 X 17,9 X X

 Dfb Erzurum 2,6 X 2,9 X 15,2 ✓ 12,4 X E: 13,3 X W: 18 ✓ X ✓ X

Dsa Muş 11,8 X 10,7 X 7,2 X 9,9 X 11,4 X X

Dsb  Ağrı 9 X 10,4 X 2,5 X 13,1 X 11,2 X X

COLD

WARM

North South 

North South 

North South 

North South 

North South 

North South 

East West

North South 

North South 

North South 

North South 

Sample Classrooms

Window-Floor Area Ratio (%) Sample Classrooms

Orientation

North Güney

North South 

North South 

East West

HIGH SCHOOL TYPE PROJECTS
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Working with standard school building types causes both students' affiliation to their educational setting as well 
as flexible learning environment development to be overlooked in traditional school architecture [67]. 
 
5.2.  Hypothesis 2: Schools are not constructed in alignment with local climate 

 
The study has discovered that Turkish educational buildings contain insufficient architectural structures which 
produces spaces with poor quality and creates problems with shading and ventilation systems along with heating 
and insulation needs. The combination of high WWR ratios in southern Türkiye creates buildings that absorb too 
much heat while exposing themselves to direct sunlight and lacking proper insulation which results in detrimental 
effects on student health. The implementation of buildings that do not respond to local climates leads to significant 
unpleasantness for students in educational spaces resulting in lower student performance through increased 
health-related absences in hot areas and respiratory issues from cold drafts and humidity in colder climates. [68]. 
Studies have demonstrated that students exposed to uncomfortable learning environments negatively affect 
student concentration, reduce academic performance, and increase anxiety [69]. Unsuitable school designs based 
on climate lead to unpleasant indoor environments which reduces learning quality as heat from the sun impedes 
learning though it improves academic results up to 7% to 18% and cold temperatures make students tired. [70]. 
These results confirm the importance of seriously considering climate-responsive approaches and concepts in the 
planning of educational institutions in order to improve students' comfort and, therefore, their health and success. 
 
5.3.  Equity and educational inequality 

 
The complex link between educational building standardization and climate-unresponsive school designs forms 
the basis of two main hypotheses (Hypothesis 1 and Hypothesis 2). The first hypothesis indicates that standardized 
school building designs might create uniformity which ignores building context along with failing to support 
students with different learning requirements. Various climatic zones demonstrate non-compliance with window-
to-wall and window-to-floor ratios standards that exist for educational building design. The second hypothesis 
demonstrates how unresponsive educational building designs create adverse outcomes when applied to climate-
responsive features such as shading elements and insulation material. Climate-unresponsive design produces 
learning spaces which discomfort students physically thus reducing their ability to concentrate [71].  
 
Accurate research reveals primary educational facilities with appropriate shading elements decrease their cooling 
requirements by 40% within hot dry conditions [72]. Homes that lack proper heating and insulation systems in 
cold regions become uncomfortably cold which creates adverse study conditions for students [73]. Children facing 
environmental stressors experience negative effects on their education particularly when they come from low 
socioeconomic areas [74]. The way classrooms handle climate changes can result in unfair distribution of benefits 
which affects educational equity between different zones. Students learn less effectively when their classrooms 
lack sufficient ventilation and air conditioning in regions with extreme climate conditions thus creating learning 
benefit disparities between students. Equity in education matters more because countries operate distinct school 
education systems. Heat adversely affects student mental processing capabilities along with academic 
performance and increases their stress levels [75]. Modern insulation systems are missing from older schools 
located in cold climate zones which negatively affects student learning conditions [76]. Academic differences 
emerge because of this situation and create persistent disadvantage patterns between students [77]. Educational 
settings need to establish climate adaptation plans together with equality-focused initiatives that give children 
equal education opportunities. 
 
5.4. Policy and practice recommendations 

 
The current educational structures of Türkiye must adopt diverse building solutions to serve the target population. 
An extensive solution requires alignment between policy development and design approaches together with 
public relations strategies. The Ministry of National Education must adapt their policies through financial backing 
and community engagement for implementation success. Natural cooling elements should be integrated into 
sustainable building designs. A classroom design that incorporates operable windows acts to improve ventilation 
and comfort levels along with reducing building energy consumption rate [78]. Quality insulation materials work 
to block both heat loss as well as heat intake when temperatures become extreme. Orientation plans for buildings 
must facilitate the maximum entry of natural light along with the reduction of solar rays hitting buildings directly 
[79]. The installation of large windows coming from north or south directions produces beneficial effects for both 
lighting conditions and energy conservation. These windows improve comfort levels and efficiency performance 
of the building [80]. The improvement of education in Türkiye requires future projects to integrate climate 
responsibility into their extensive design specifications.  
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The specifications should integrate environmental elements together with materials and energy-efficient 
technological components. School building evaluation regarding performance together with energy consumption 
data can guide current and future design principles and policy development. Educational facilities that address 
student needs result from partnership work between policymakers with educators and architects. 
 
5.5.  Limitations and challenges 

 
The research examined educational buildings across pilot areas in Türkiye through temperature assessment 
within ten different climatic zones. The research did not include private educational institutions because they 
differed in their construction designs and operational methods and some climate-responsive design data were 
unavailable from architectural plans. 
 
5.6.  Suggestions for future research 

 
The research team in Türkiye studies educational architecture through historical political and economic factors 
that caused school variety to decrease. The researchers want to understand the effects that development policies 
along with funding mechanisms and architectural trends have on education. The analysis of climate-adaptive 
school designs across countries provides governmental institutions and architects with a sustainable approach to 
develop educational buildings that respect cultural patterns as well as social requirements and climatic conditions. 
 
6. Conclusions 
 
This study focuses on the importance of educational building design in students' learning spaces, particularly in 
Türkiye, a region where the effects of climate variations on educational building projects are neglected. The 
research, which supports the argument of the necessity of climate-responsive design approaches, analysed 
Türkiye’s climate zones according to the Köppen climate classification and evaluated educational buildings in the 
pilot cities of each climate zone. The study showed that educational buildings have many similarities and that 
common architectural design may be inadequate in some respects because the local climate is not considered. A 
critical evaluation of some key design parameters, such as orientation and spatial layout, revealed major 
limitations in climate responsivity that may hinder student learning and equity across regions. 
 
The climate-responsive design analysis of school environments pointed out that today's school designs increase 
our awareness of the discourse of inequality in educational environments and the demand for climate-responsive 
architecture. The research highlights the importance of considering climate-responsive approaches to designing 
educational buildings with effective indoor conditions for learning environments designed in the context of 
concepts of equity and sustainability. In addition, this research forms a basis for other studies that aim to further 
expand the framework of more inclusive and equitable learning environments in Türkiye. Experimental research
is suggested to examine the short- and long-term effects of climate-responsive design on students' health, well-
being, and achievement.
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Appendices 

Appendix 1 

Table 1. Annual temperature data of cities belonging to the Csa climate type 
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Table 2. Annual temperature data of cities belonging to the Cfa climate type 
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Table 3. Annual temperature data of cities belonging to the Cfb climate type 

 
 
 
Table 4. Annual temperature data of cities belonging to the Csb climate type 
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Table 5. Annual temperature data of cities belonging to the BSk climate type 

 

 

Table 6. Annual temperature data of cities belonging to the BSh climate type 

 

Table 7. Annual temperature data of cities belonging to the Dfa climate type 
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Table 8. Annual temperature data of cities belonging to the Dfb climate type 

 

Table 9. Annual temperature data of cities belonging to the Dsa climate type 

 

Table 10. Annual temperature data of cities belonging to the Dsb climate type 

 

 

 


