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Abstract
Buildings account for a substantial share of global energy consumption, much of 
which is associated with heating, ventilation, and air conditioning systems for indoor 
climate control. Passive strategies rooted in historical architectural typologies, such as 
courtyard buildings, offer potential to enhance energy efficiency and indoor comfort. 
This Preferred Reporting Items for Systematic Reviews and Meta-Analyses-guided 
systematic review analyzed 83 peer-reviewed studies published between January 
2014 and September 2025. Using thematic content analysis, we synthesized evidence 
on how key configuration parameters (orientation, aspect ratio, height-to-depth ratio, 
window-to-wall ratio, and length-to-width ratio) affect three performance domains—
thermal comfort, energy efficiency, and daylight performance—across major climate 
zones (tropical, hot-arid, temperate, and continental). The literature is concentrated 
in hot-arid and temperate climates, whereas tropical and continental zones remain 
comparatively underexplored. Orientation and aspect ratio were the most frequently 
investigated parameters, and simulation-based methods predominated. The review 
also identifies critical gaps in theoretical grounding, methodological standardization, 
and empirical diversity. Most of the studies show limited interdisciplinary integration, 
minimal consideration of occupant/population differences, and restricted real-world 
applicability, particularly for public and institutional buildings. By consolidating 
global evidence, this review further proposes a performance-oriented framework to 
interpret and advance Chinese courtyard architecture, including siheyuan, sanheyuan, 
and tulou, across diverse climatic and urban–rural contexts. These findings highlight 
priorities for China-focused research, including multi-objective performance 
assessment, empirical validation, and climate-sensitive design strategies. Overall, the 
review provides actionable insights for architects, urban designers, and policymakers 
seeking to advance climate-adaptive and context-responsive architectural practice.
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1. Introduction
The intensifying effects of climate change adversely 
affect ecological systems and human health. The 
Intergovernmental Panel on Climate Change (IPCC) 
projects that global warming is likely to reach 1.5°C in 
the coming decades (IPCC, 2021). It is widely recognized 
that buildings use more than 30 percent of the world’s 
energy and are a major contributor to global greenhouse 
gas emissions (Berardi, 2015). Although 70 percent of a 
building’s energy use goes to air conditioning for indoor 
temperature control, it is essential to prioritize energy 
efficiency in construction. One way to achieve this is by 
exploring passive design strategies inspired by traditional 
architecture. These strategies can reduce energy use while 
maintaining comfortable indoor temperatures (Mahaya et 
al., 2022; Tabadkani et al., 2022). Courtyard buildings (CBs) 
are a notable example of climate-responsive architecture, 
which, as noted by Fathy (1986), may warrant deeper 
investigation and creative reconfiguration in modern 
architectural methodologies, especially in areas defined 
by severe environmental circumstances (Tabadkani et al., 
2022; Taleghani et al., 2014).

Chinese CBs, including siheyuan (四合院) and 
sanheyuan (三合院), as well as courtyard dwellings in 
Yanshen historical town  (Z. Xu et al., 2025), exemplify 
enduring instances of climate-responsive architecture 
tailored to varied environmental and socio-spatial 
contexts. Although these typologies incorporate effective 
passive strategies for temperature control, daylighting, and 
ventilation, their environmental performance has rarely 
been analyzed through systematic, quantitative approaches. 
This review synthesizes global evidence on courtyard 
performance to inform the evaluation, conservation, and 
contemporary adaptation of Chinese courtyard design.

Prior investigations have highlighted the importance 
of courtyards as a passive architectural strategy for 
improving indoor thermal comfort (Muhaisen & 
Gadi, 2006; Toe & Kubota, 2015). These investigations 
indicate that thermal comfort in courtyards is primarily 
influenced by solar radiation and air speed. These factors 
depend on the courtyard’s geometric characteristics, 
dimensions, proportions, and orientation (Al-Masri & 
Abu-Hijleh, 2012; Almhafdy et al., 2013; Meir, 2000). 
Furthermore, through this systematic review, we have 
identified three reviews that meticulously investigate the 
climatic and microclimatic characteristics of courtyard 
environments. The first review examined the historical 
and cultural evolution of transitional environments, such 
as courtyards, patios, and atriums, in different climates 
(Taleghani et al., 2012). Moreover, the study examined 
the ecological characteristics of low-rise residential 

courtyards across varying climatic conditions. The 
second review focused on assessing thermal comfort 
in residential courtyards situated within Middle 
Eastern architectural contexts (Oktay, 2002). The third 
review examined courtyard thermal and microclimatic 
performance, emphasizing indoor–outdoor interactions 
(Zamani et al., 2018). Although earlier evaluations 
addressed specific dimensions of courtyards’ climatic 
and microclimate roles, the discourse surrounding 
energy efficiency, daylighting, and building functionality 
remains insufficiently explored.

Limited evidence on energy efficiency and daylight 
performance in CBs has hindered the development of 
effective design methodologies. First, it has limited the 
integration of passive design principles to optimize energy 
utilization while ensuring thermal comfort. Although they 
are historically acknowledged for their climate-responsive 
characteristics, CBs often fail to perform optimally when 
contemporary designs disregard elements of energy 
efficiency. This oversight may result in increased energy 
demands for heating, cooling, and artificial lighting, which 
undermines the sustainable benefits that these designs 
could offer.

Hence, we aim to propose a novel, simplified 
classification for CBs based on their functional attributes, 
while also acknowledging that the potential influence 
of climatic zones and the configuration of courtyards 
within buildings on performance remains an inadequately 
appreciated and insufficiently explored area of research. 
Within this framework, the current study focuses on 
investigating CBs related to thermal comfort, energy 
efficiency, and daylight performance. Preliminary scoping 
suggested that these three performance indicators 
represent the most frequently evaluated performance 
domains in CBs. Furthermore, the most appropriate 
courtyard parameters were identified based on patterns 
established through the study and significant findings from 
all relevant literature. Consequently, a systematic review 
was conducted to facilitate the creation of a thorough 
document and articulate subsequent research questions:
(i)	 What are the dominant research trajectories shaping 

the assessment of thermal, energy, and daylight 
performance in CBs?

(ii)	 Which methodologies and metrics are most 
frequently employed, and how do they interact with 
CBs’ morphological configurations?

(iii)	What critical research gaps persist, particularly 
regarding climate zone variability and empirical 
model validation?

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) method was applied to 
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conduct the systematic literature review (SLR) on thermal, 
energy, and daylight performance in residential and tertiary 
CBs. PRISMA has been widely applied in systematic 
reviews on thermal comfort and energy efficiency (Han 
et al., 2022; Maier, 2021; Ouahchi et al., 2025; Y. Zhao & 
Taib, 2022), heritage (Maldonado-Erazo et al., 2022; Saleh 
et al., 2022; Wahed et al., 2021), building construction 
(Freitag et al., 2017; Maier, 2022; Mesa et al., 2021), and 
the urban sector (Chuc & Riveroll, 2022; Dona et al., 2021; 
Omrany et al.; Saleh et al., 2022; Zabelskyte et al., 2022). 
This study aims to provide insights that inform design 
practice and future research, identifying knowledge gaps 
and promoting multi-objective optimization, comparative 
climate analyses, and experimental validation with 
advanced digital modeling. This study is structured into 
Section 2, outlining the methodology, including database 
selection and screening and analysis criteria; Section 3, 
presenting results from the review in the context of building 
function, courtyard configuration and climate zones; and 
Section 4 (Discussion), discussing the development of a 
novel framework for an accurate assessment of deficiencies 
in existing literature, offering a clear view of current 
challenges in the field. Section 5 concludes with reflections 
on research limitations and recommendations for future 
work in this area.

2. Methodology
We conducted an SLR following PRISMA 2020 (Page et al., 
2021) and the PRISMA-PICO (Population, Intervention, 
Comparison, Outcome) framework.

2.1. Search strategy and PRISMA flow

We searched the title, abstract, and keywords fields in Scopus, 
Web of Science (WOS) Core Collection, and ScienceDirect 
using the terms “courtyard” AND (“thermal comfort” 
OR “energy efficiency” OR “daylight”). Wildcards (*) and 
Boolean operators (AND, OR, and AND NOT) were used to 
refine results. The PRISMA flow diagram (Figure 1) illustrates 
the selection process: (i) Identification: 735 records were 
identified (ScienceDirect: 60%, WOS: 30%, Scopus: 10%); 
(ii) Screening: 255 duplicates were removed, and 480 records 
were screened; (iii) Eligibility: 366 records were excluded by 
title/abstract, and 114 full-text articles were assessed; and (iv) 
Inclusion: 83 studies were included in the review. Additional 
inclusion and exclusion criteria are summarized in Table 1.

The Boolean operator “AND NOT” was employed 
within the search engine to exclude particular keywords, 
thereby defining the exclusion criteria to constrain 
the results according to the subsequent criteria and 
information.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram showing identification, screening, eligibility, and inclusion 
processes
Source: Image created by the authors.
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•	 The selected studies should address CBs and at least 
one of the three performance indicators

•	 Findings should focus on different climatic zones (e.g., 
hot-arid, temperate, tropical, and cold) to provide 
insights into how the climate interacts with courtyard 
design

•	 Research focus must be on directly investigating the 
impact of climate, courtyard geometry, or courtyard 
orientation on thermal comfort, energy efficiency, or 
daylight performance

•	 The works must include empirical studies, simulation-
based research, and case studies. Theoretical or opinion 
pieces that did not provide data-based conclusions are 
excluded.

We then organized and classified the extracted data 
according to the criteria detailed in the next section.

2.2. Classification framework (thematic analysis)

Six procedures were followed in the thematic analysis in 
this SLR study to construct themes appropriate for the 
qualitative analysis approach, as suggested by Nowell et al. 
(2017) (Figure 2).

According to the thematic analysis, existing literature 
on CBs uses case studies regardless of the building’s 
primary function. Despite the extensive discourse within 
the existing literature concerning CBs across a range of 
functional and climatic contexts, a standardized typological 
classification system based on their usage or programmatic 
purpose remains elusive. To address this gap, the present 
study introduces two original definitions as part of its 
thematic categorization framework. Courtyard housing 
buildings (CHBs) are defined as CBs designed primarily 
for residential purposes. In contrast, courtyard tertiary 
buildings (CTBs) are defined as CBs designed for non-
residential, functional uses such as education, healthcare, 
and public administration. Examples of CTBs include 
schools, hospitals, and government offices.

This original contribution aims to bring analytical 
clarity to the comparative assessment of courtyard design 
strategies by grouping cases with similar functional 

demands. The distinction is particularly relevant when 
evaluating the performance indicators of thermal comfort, 
energy use, and daylight performance. These indicators are 
strongly influenced by a building’s function and occupancy 
patterns.

Given the absence of an established function-based 
typology for CBs, we introduce this classification to 
standardize terminology and support future comparative 
studies. Accordingly, a thematic framework for 
categorization is proposed, based on four distinct criteria. 
This framework facilitates the analytical assessment 
of findings by incorporating prior categorizations 
of CBs, the frequency of relevant keywords, and a 
comprehensive evaluation of the article’s content, 
including similarities and differences. The four criteria 
are: (i) The functionality of CBs (CHB and CTB); (ii) The 
intended purpose (thermal comfort, energy efficiency, 
and daylight performance); (iii) The geographical 
climate zone classification (the four principal categories 
of the Köppen–Geiger classification [A to D]); and 
(iv) Courtyard configuration, which includes the most 
prominent parameters identified in the selected review 
corpus and endorsed by CB academic experts, specifically 
orientation, height-to-width ratio, window-to-wall ratio 
(WWR), height-to-depth ratio (H/D), and length-to-
width ratio (L/W) (Figure 3).

2.3. Screening method and data extraction

Data screening, analysis, and synthesis were conducted 
using an analytical framework, a structured approach to 
gathering and analyzing data (UNHCR, 2023). Initially 
designed for policy assessment and multidisciplinary 
health research, this approach has been implemented 
across multiple fields, partly due to its focus on 
transparency and systematic data analysis (Stewart). It 
has been used in several qualitative and mixed-methods 
studies in the field of the built environment (Bencherif, 
2023; Ouahchi et al., 2025).

In this SLR study, articles resulting from the PRISMA 
approach underwent multiple screening cycles based on 

Table 1. Summary of inclusion and exclusion criteria

Criteria Content

Inclusion • Language: Articles published in English.
• �Publication type: Peer‑reviewed journal articles, conference articles, and systematic reviews indexed in International Scientific Indexing.
• �Time frame: Published between January 2014 and December 2025.
• �Databases: Articles must be retrieved from at least one of the following databases: Scopus, the Web of Science Core Collection, or 

ScienceDirect.
• �Study design: Simulation studies, empirical fieldwork, or case studies with quantitative or qualitative assessments.

Exclusion • �Non‑peer‑reviewed articles, opinion articles, and editorials.
• �Studies lacking relevance to courtyard building performance or failing to address climate, geometry, or orientation.
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themes and sub-themes related to CB design. A  matrix 
of data collected from the 83 articles was used in this 
analysis. Based on the thematic analysis (Nowell et al., 
2017), the themes and sub-themes were manually coded 
(Figures 2 and 4).

At this stage, the extracted information from each study 
was meticulously documented in an Excel spreadsheet, 
enabling comprehensive comparisons between studies 
and a clear understanding of the methodologies and 
results (e.g., author, year, country, method, indicators, and 
results of the effect of courtyard configuration on building 
performance).

2.4. Validation

To ensure the methodological rigor of the selected studies, 
the Critical Appraisal Skills Program (CASP) checklist 
was used to assess the quality of the research. The CASP 
checklist is a structured tool designed to help researchers, 
students, and practitioners systematically evaluate the 
quality, credibility, and relevance of published research. 
It is particularly useful in evidence-based disciplines such 
as medicine, health sciences, education, and increasingly, 
architecture and environmental studies, especially when 
conducting SLRs (Shaheen et al., 2023). The checklist 
evaluated key aspects of each study, including the clarity 

Figure 3. Classification framework in this systematic literature review
Source: Image created by the authors.

Figure 2. Procedures in the thematic analysis
Source: Image created by the authors.
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of its research aims, the appropriateness of the research 
design for answering the research questions, the robustness 
of data collection, the reliability of the data sources used, 
the validity of the results, and the justification of the 
conclusions drawn (Drici & Carpio-Pinedo, 2025; Shaheen 
et al., 2023). Studies that did not meet the required 
standards of methodological rigor were excluded from 
the final analysis. The extracted data were organized in 
a structured format to ensure uniformity in the analysis 
phase.

2.5. Methodological limitations

Although the systematic review methodology ensures 
rigorous and comprehensive analysis, several limitations 
must be acknowledged.

2.5.1. Language

Only studies published in English were included. This 
language restriction may have excluded relevant research 
published in other languages, which could bias the 
geographical and cultural scope of the findings.

2.5.2. Time frame

The review was limited to publications between January 
2014 and September 2025. While this ensures relevance to 
recent developments in courtyard design and performance 
evaluation, earlier influential studies may be omitted.

2.5.3. Grey literature

Non-peer-reviewed sources, such as reports, theses, and 
design manuals, were excluded. This may have limited the 
inclusion of innovative or practice-based knowledge that 
has not yet been published in academic journals.

2.5.4. Subjective thematic coding

The categorization of studies using thematic coding—such 
as classifying buildings as CHBs or CTBs—was performed 
by the authors and may be influenced by subjective 
interpretation. Although efforts were made to ensure 
transparency and consistency, bias may persist.

Future systematic reviews should consider multilingual 
databases and practitioner-based sources to widen the 
scope.

3. Results
3.1. Overview of the search results

A word cloud visualization (Figure 5) is presented to provide 
a quick overview of the prominent themes emerging from 
the searched keywords. The size of each word reflects its 
frequency of occurrence (Dastoum et al., 2024). The word 
cloud highlights terms related to the predominant CB 
research trends and outcomes. Keywords such as “energy,” 
“building,” and “thermal” suggest a focus on optimizing 
building energy efficiency. In addition, terms such as 

Figure 4. The processes of data screening, analysis, and synthesis. Image created by the authors.
Abbreviations: AR: Aspect ratio; CHB: Courtyard housing building; CTB: Courtyard tertiary building; DP: Daylight performance; EE: Energy efficiency; 
H/D: Height-to-depth ratio; L/W: Length-to-width ratio; OR: Orientation; TC: Thermal comfort; WWR: Window-to-wall ratio.
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“courtyard,” “building,” and “design” indicate an interest in 
how literature frequently examines the effect of architectural 
configurations (notably courtyards) on environmental 
performance. The presence of the keywords “climate,” 
“environmental,” “temperature,” “air,” “ventilation,” 
and “simulation” points to environmental physics and 
simulation-based methods (e.g., computational fluid 
dynamics [CFD] and energy modeling) for performance 
evaluation. The terms “orientation,” “design,” “shape,” 
“configurations,” and “climatic” relate to the analysis of 
how courtyard parameters and climate variation affect 
the building performance. Finally, terms such as “houses,” 
“dwellings,” “atrium,” and “occupants” suggest hypotheses 
about how the building functionality affects the courtyard 
configuration.

Overall, the word cloud underscores the main focus of 
this study, investigating the effects of climate and courtyard 
design on energy efficiency, thermal comfort, and daylight 
performance.

We conducted a comprehensive keyword co-occurrence 
analysis using VOSviewer software (version  1.6.20) to 
uncover significant research trends in CBs. The size of a 
node and the size of its label indicate the significance of a 
keyword, while the width of a line signifies the proximity 
of two keywords. In addition, distinct colors were used 
to delineate the various clusters in these visual network 
representations, enhancing interpretability and clarifying 
the relationships among the identified keywords (Kirby, 
2023). Figure 6 illustrates how this bibliometric mapping 

technique visualizes the complex relationships among 
frequently occurring keywords in the literature.

The resulting map clearly visualizes five dominant 
clusters. The first cluster, shown in red, underscores 
the importance of “courtyard” and “thermal comfort,” 
highlighting their significance in CB research. The blue 
cluster represents keywords tied to “energy efficiency,” 
reflecting its vital role in current discussions. The green 
cluster centers on “building,” emphasizing its relevance in 
the analysis. The yellow cluster indicates residential contexts 
tied to “houses,” showcasing domestic architectural trends. 
Finally, the purple cluster connects “daylighting” with 
“courtyard building,” illustrating the relationship between 
natural light and architectural design.

Closer examination of the co-occurrence map 
revealed significant patterns that clarify the current 
focus of CB research. The central positioning of the 
keywords “courtyard” and “thermal comfort” underscores 
their pivotal role in scholarly discourse. These nodes’ 
prominence indicates their status as core themes. Thermal 
comfort serves as the primary evaluative parameter for 
assessing courtyard design and benchmarking for various 
configurations across different climates.

The interdisciplinary nature of CB research was evident 
in the connectivity among identified clusters, showcasing 
contributions from environmental science, building 
physics, architectural design, engineering, and urban 
planning. This suggests that CBs are viewed as complex 
systems, where form, climate, and function intersect rather 
than as isolated architectural types. The importance of 
geometric parameters in evaluating courtyard performance 
is also underscored, as terms such as “aspect ratio” and 
“shape factor (L/W)” frequently appear alongside “thermal 
comfort” and “energy efficiency.” This indicates a growing 
emphasis on the impact of courtyard geometry on airflow, 
solar access, and heat retention, which are vital for 
optimizing indoor quality and comfort.

Furthermore, the growing focus on daylight 
performance in CB studies is noteworthy. The cluster 
featuring “daylighting” and “WWR” was historically 
underexplored but now reflects a heightened interest in 
visual comfort and natural lighting strategies. This interest 
aligns with global sustainable architecture goals that aim to 
reduce reliance on artificial lighting.

Finally, the distinction between CHBs and CTBs is 
emerging as a critical research topic. The co-occurrence 
map shows that these categories are treated differently. 
While CHBs dominate publication volume, CTBs are 
gaining attention, particularly regarding their performance 
in institutional, educational, and commercial contexts. This 

Figure 5. Word cloud of the keywords
Source: Image created by the authors.
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trend suggests the expanding applicability of the courtyard 
model to various functions and promotes context-sensitive 
analyses of performance, considering different use cases 
and environmental conditions.

3.2. Identification and analysis of the tendencies in 
the courtyard building field

Collecting and synthesizing the most relevant and 
up-to-date information are essential to encouraging 
and enhancing the integration of courtyard designs in 
buildings. The data analyzed in this study can therefore 
serve as a valuable resource for developers, users, and 
stakeholders aiming to improve energy efficiency and the 
overall quality of indoor environments.

Five courtyard parameters were identified to analyze 
the main trends sought in CBs depending on their purpose, 
climate group, or courtyard configuration. Figures 7 and 8 
for more information, and refer to Table 2 for a description.

To analyze the main trends sought in CBs, the five 
identified parameters were examined depending on the 
purpose and climate group (Figure  9). Over the past 
decade, orientation and aspect ratios have consistently 
emerged as the most influential courtyard parameters 
affecting thermal comfort (Abdallah, 2022; Abdallah et al., 

Figure 6. Keywords co-occurrence analysis map of the reviewed articles
Source: Image created by the authors.

Table 2. General view of the courtyard buildings’ parameters 
identified in this systematic literature review

Parameter Definition

Orientation The directional alignment of a courtyard relative to 
the sun and wind. Proper orientation optimizes solar 
exposure, balancing thermal comfort and reducing 
energy loads. It also affects daylight distribution and the 
efficiency of natural ventilation.

H/W ratio This parameter represents the ratio of the courtyard’s 
height to its width. It modulates solar exposure and 
airflow by shaping shading patterns and the courtyard 
microclimate, thereby influencing thermal comfort. It 
also affects daylight penetration; lower ratios provide 
more shade, while higher ratios enhance light access.

WWR The WWR is the proportion of a courtyard building’s 
total wall area that is occupied by windows. A higher 
WWR can enhance daylight penetration, improve natural 
lighting, and reduce the need for artificial lighting.

H/D The H/D refers to the relationship between a courtyard’s 
vertical height and horizontal depth. A higher ratio 
promotes air circulation and improves thermal comfort.

The shape 
factor (L/W)

The L/W defines the proportional relationship between 
the length and width of a courtyard. A higher L/W ratio 
often results in a longer courtyard, which enhances 
natural ventilation and daylight distribution.

Abbreviations: H/D: Height‑to‑depth ratio; H/W: Height‑to‑width; 
L/W: Length‑to‑width ratio; WWR: Window‑to‑wall ratio.

https://doi.org/10.36922/JCAU025420084
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2019; H. Akbari et al., 2021; Al-Hafith et al., 2019, 2023; 
Almhafdy et al., 2019; Azimi & Shafaat, 2024; Balah et al., 
2024; Bulus et  al., 2017; Dai et al., 2023; Defiana et al., 
2018; Diz-Mellado et al., 2023a, 2023b; Diz-Mellado et al., 
2024; Forouzandeh & Richter, 2019; Ghaffarianhoseini 
et al., 2015; Guedouh & Zemmouri, 2017; Guedouh et al., 
2019; Hosham et al., 2019; Khan et al., 2023; Khastar & 
Taleghani, 2024; Lin & Gui, 2024; López-Cabeza et al., 
2022; Mahmoud & Ragab, 2021; Mundra & Kannamma, 
2019; Nasrollahi et al., 2017; Pilechiha et al., 2021; 
Sahnoune & Benhassine, 2023; Salameh et al., 2024; Soflaei 
et al., 2017; Soflaei et al., 2016; Soflaei et al., 2020; Sözen 
& Koçlar Oral, 2019; Subhashini & Thirumaran, 2020; 
Sun et al., 2023; Tabadkani et al., 2022; Taki & Alsheglawi, 

2022; Teshnehdel, Soflaei, et al., 2020; Toris-Guitron 
et al., 2022; Xu et al., 2025; Zamani et al., 2019), energy 
efficiency (Acosta et al., 2018; Almhafdy et  al., 2019; 
Forouzandeh & Richter, 2019; He et al., 2022; Tabadkani 
et al., 2022; Taki & Alsheglawi, 2022; Vaisman & Horvat, 
2015; Xu et al., 2025; Zamani et al., 2018; Zhu et  al., 
2024), and daylight performance (Acosta et al., 2018; Bin 
Dalmouk & Al-Sallal, 2020; Guedouh & Zemmouri, 2017; 
Guedouh et al., 2019; Gunasagaran et al., 2022; Khastar 
& Taleghani, 2024; Sheta et al., 2024; Vaisman & Horvat, 
2015). Rather than isolated findings, the literature revealed 
a clear pattern: orientation predominantly governs solar 
exposure and daylight penetration, while the height-to-
width ratio (H/W) modulates shading and air movement.

Figure 7. Courtyard buildings with different orientations, aspect ratios, and length-to-width ratios
Source: Reprinted from Toris-Guitron et al. (2022).
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Evidence is especially strong in arid climates (climate 
zone B) (Abdallah, 2022; H. Akbari et al., 2021; Al-Hafith 
et al., 2019, 2023; Balah et al., 2024; Dai et al., 2023; Guedouh 
et al., 2019; Khan et al., 2023; Khastar & Taleghani, 2024; 
Mahmoud & Ragab, 2021; Mahmoud & Abdallah, 2022; 
Nasrollahi et al., 2017; Pilechiha et al., 2021; Salameh et al., 
2024; Sheta et al., 2024; Soflaei et al., 2016; Soflaei et al., 2020; 
Taki & Alsheglawi, 2022; Teshnehdel, Soflaei, et al., 2020), 
where numerous studies using validated simulation tools 
converged on the importance of minimizing direct solar 
gains through optimized courtyard alignment. Similar 

consistency was observed in temperate climates (climate 
zone C) (Acosta et al., 2018; Diz-Mellado et al., 2023a, 
2023b; Diz-Mellado et al., 2024; Domínguez-Torres & 
Domínguez-Delgado, 2024; Forouzandeh & Richter, 2019; 
Guedouh & Zemmouri, 2017; He et al., 2022; Lin & Gui, 
2024; Tabadkani et al., 2022; Zhu et al., 2024), although 
outcomes are more sensitive to seasonal variability. By 
contrast, findings in tropical climates (climate zone A) 
(Almhafdy et al., 2019; Callejas & Krüger, 2022; Defiana 
et al., 2018; Gunasagaran et al., 2022; Subhashini & 
Thirumaran, 2020; Sun et al., 2023; Tabadkani et al., 2022; 

Figure 8. Two of the primary parameters in courtyard building research. (A) Window-to-wall ratio (WWR). (B) Height-to-depth ratio (H/D). 
Source: Reprinted from (A) Talip et al. (2021) and (B) Sun et al. (2023).
Abbreviation: SD: Shading device.
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Toris-Guitron et al., 2022) were less uniform, potentially 
due to high humidity and diffuse light conditions that 
reduce the relative impact of orientation. A smaller body 
of research in continental climates (climate zone D) 
suggests that WWR and courtyard shape can overshadow 
orientation effects due to the extreme seasonal temperature 
swings ratio (Tabesh & Sertyesilisik, 2016; Vaisman & 
Horvat, 2015; Yaşa & Ok, 2014).

Although Table  3 provides only limited data across 
courtyard parameters and climate zones, the empirical 
evidence discussed remains largely consistent with 
previously reported findings. Notably, Soflaei et al. (2020) 
suggested that courtyard width and length exert less 
influence on thermal comfort than height, orientation, 
and wall material. This observation highlights the need 
to reassess how these parameters interact across different 
climatic contexts, particularly in relation to energy 
efficiency and daylight performance.

Overall, although the individual studies vary in scope 
and methodology, the cross-climatic evidence collectively 
reinforces the critical role of orientation and aspect ratios, 
particularly in hot, dry, and temperate regions, while 
highlighting the need for more rigorous, validated studies 
in tropical and continental zones.

Figure  10 presents the two main categories of CBs 
previously discussed: CHBs and CTBs. Figures  11 and 12 
provide a comprehensive framework illustrating the three 
core objectives of recurring evaluations: thermal comfort, 
energy efficiency, and daylight performance. They also outline 
key contextual factors considered, including Köppen climate 
zones (A, B, C, and D) and courtyard design parameters, such 
as orientation, aspect ratio, WWR, H/D, and L/W. In addition, 
the distribution of outcomes across these parameters was 
analyzed separately for CHBs and CTBs.

The results depicted in Figures 10 and 11 indicate that 
scholars are dedicating more of their efforts to assessing 

Figure 9. The distribution of the main parameters of CBs was reviewed according to their (A) climate zones and (B) purposes
Source: Image created by the authors.
Abbreviations: AR: Aspect ratio; DP: Daylight performance; EE: Energy efficiency; H/D: Height-to-depth ratio; L/W: Length-to-width ratio; 
OR: Orientation; TC: Thermal comfort; WWR: Window-to-wall ratio.
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CHBs (68% of the findings) to enhance building thermal 
comfort (87%), energy efficiency (35%), and indoor daylight 
conditions (12%). It was observed that the primary objective 
of the research is thermal comfort. The configuration of 
courtyards significantly influences thermal comfort by 
affecting air circulation, shading, solar exposure, and heat 
dissipation. Parameters such as orientation and geometry 
are key factors in this configuration. Properly designed 

courtyards enhance natural ventilation, regulate indoor 
temperatures, and mitigate heat gain or loss, particularly 
in hot climates, thereby improving thermal comfort. 
Conversely, CTBs (41%) receive less attention (Figure 10). 
The research community’s focus follows a similar pattern 
to the previous category, except for daylight performance, 
which increased by 9 percent. This is because the assessment 
of daylighting performance is often associated with CTBs 
due to their susceptibility to thermal overexposure issues.

Regarding the dissemination of findings across various 
climatic zones, the analysis indicates that tropical (A) and 
continental (D) climates have received the least scholarly 
attention. This might be due to their predictable temperature 
patterns and limited climatic variability. Regarding thermal 
comfort, the courtyard typology examined for arid (B) 
and temperate (C) climate zones (Figures  11 and 12) 
exhibits a greater prevalence of 45 percent and 29 percent, 
respectively, in CHBs and 38 percent and 18 percent, 
respectively, in CTBs. The emphasis on arid climates 
(B) may be due to their considerable daily and seasonal 
thermal fluctuations. This observed pattern corroborates 

Table 3. The outcomes of empirical studies across different climate zones and courtyard parameters

Authors Climate zone Discussed parameter Main viewpoint

Vaisman and 
Horvat (2015)

Continental 
climate (D)

WWR, shape 
factor (L/W)

The row houses with internal courtyards can increase daylight hours by 9–20%.
A WWR between 20% and 42% is recommended to reduce the energy consumption while 
maintaining similar illuminance increments.

Abdallah 
et al. (2019)

Hot and dry 
climate (B)

H/W, L/W, orientation A courtyard with an H/W of 1.2 provides better thermal comfort.
North–south‑oriented, elongated courtyards with an aspect ratio of 1:2 perform better in 
terms of thermal comfort.

Rivera‑Gómez 
et al. (2019)

Temperate 
climate (C)

H/W, orientation An H/W greater than three can significantly improve the thermal comfort level of the 
courtyard.

Soflaei 
et al. (2020)

Dry 
desert (arid)

H/W, L/W, orientation The study shows that using the enhanced design for courtyard houses in the BWh climate 
can improve thermal comfort by 42.3%, with the majority of this enhancement attributed to 
geometrical properties and wall type.
The maximum thermal comfort, 39.3%, was obtained for a courtyard with the maximum 
height (9 m), 0° orientation, L/W=1.5, wall material Type 2, and double‑pane window 
Type 1.

H. Akbari 
et al. (2021)

Hot and dry 
climate (B)

H/W, orientation Courtyards with larger H/Ws are more suitable for hot and dry climates.

Akhlaghinezhad 
et al. (2023)

Hot, dry 
climate of 
Yazd

H/W, L/W, orientation The impact of H/W, L/W, and orientation on thermal comfort accounts for 70.9%, 25.7%, 
and 3.4%, respectively.

M’Saouri El Bat 
et al. (2023)

Hot and 
dry climate, 
temperate 
climate, cold 
climate

H/W, L/W In hot and dry climates, a deep and moderately narrow design can significantly reduce 
cooling energy demand by about 10%; temperate climates are more suitable for courtyards 
with narrower widths and moderate depths, which can reduce energy consumption by 
about 58%; in cold climates, a square courtyard design is more advantageous.

Azimi & 
Shafaat (2024)

Semi‑dry and 
cold climates

H/W, L/W A H/W of 3:1 can significantly enhance thermal comfort, with a UTCI improvement 
of 19°C. Additionally, compared to a 3:1 ratio, a model with an L/W of 2:1 has a UTCI 
reduction of 6.7°C.

Abbreviations: H/D: Height‑to‑depth ratio; H/W: Height‑to‑width; L/W: Length‑to‑width ratio; UTCI: Universal thermal climate index; 
WWR: Window‑to‑wall ratio.

Figure 10. Breakdown of courtyard buildings
Source: Image created by the authors.
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Figure 11. Overview of findings on courtyard housing buildings
Source: Image created by the authors.
Abbreviations: AR: Aspect ratio; DP: Daylight performance; EE: Energy efficiency; H/D: Height-to-depth ratio; L/W: Length-to-width ratio; 
OR: Orientation; TC: Thermal comfort; WWR: Window-to-wall ratio.
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Figure 12. Overview of findings on courtyard tertiary buildings
Source: Image created by the authors.
Abbreviations: AR: Aspect ratio; DP: Daylight performance; EE: Energy efficiency; H/D: Height-to-depth ratio; L/W: Length-to-width ratio; 
OR: Orientation; TC: Thermal comfort; WWR: Window-to-wall ratio.
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the assertion that courtyard typology is a salient subject 
in warm climates and is regarded as a potentially effective 
strategy for addressing overheating challenges.

Furthermore, the synthesis of the findings indicates the 
predominance of orientation and aspect ratio parameters 
for thermal comfort in both typologies (CHBs and CTBs), 
with orientation at around 35 percent in both and aspect 
ratio parameters at 29 percent and 41 percent, respectively. 
This is potentially because the courtyard orientation 
influences heating and cooling loads by dictating the 
amount and timing of solar radiation received. Proper 
orientation can maximize winter sun exposure or provide 

summer shading, thereby reducing energy demands. 
The aspect ratio may also affect this trend by influencing 
airflow patterns within the courtyard, thereby enhancing 
or limiting natural ventilation. Optimal proportions ensure 
effective heat dissipation, reducing reliance on mechanical 
cooling systems. Furthermore, the level of research interest 
is also influenced by the prevailing L/W, which affects 
thermal comfort by approximately 20 percent in both 
CHBs and CTBs. This illustrates how courtyard shape—
whether elongated or square—affects the solar gain, 
shading efficiency, and airflow patterns, which directly 
impact heating, cooling, and ventilation performance.

(Cont'd...)

Table 4. Classification of courtyard buildings

Courtyard 
building 
type

Type of 
study

Purpose Climate zones

Thermal comfort Energy efficiency Daylight 
performance

Tropical (A) Hot and arid (B) Temperate  
(C)

Courtyard 
Housing 
Buildings

Review study (Zamani et al., 2018) (Zamani et al., 
2018)

‑ ‑ ‑ ‑

Case study (Soflaei et al., 2016) ‑ ‑ ‑ ‑ ‑

Experimental 
study

(Gamage et al., 2017; 
Hosham et al., 2019; 
Mousli & Semprini, 
2015; Toe & Kubota, 
2015; Xu et al., 2022; 
Zakaria et al., 2015)

(Acosta et al., 
2018)

(Acosta et al., 
2018)

(Toe & Kubota, 
2015)

(Gamage et al., 2017; 
Hosham et al., 2019; 
Mousli & Semprini, 
2015)

(Acosta et al., 
2018; Xu et al., 
2022)

Simulation 
study

(H. Akbari et al., 
2021; Al‑Hafith et al., 
2019, 2023; Almhafdy 
et al., 2019; Azimi & 
Shafaat, 2024; Bian 
et al., 2022; Chohan 
et al., 2024; Dai et al., 
2023; Defiana et al., 
2018; Diz‑Mellado 
et al., 2023b; 
Domínguez‑Torres & 
Domínguez‑Delgado, 
2024; Elgheriani 
et al., 2018; 
Gamage et al., 2017; 
Ghaffarianhoseini 
et al., 2015; Hao 
et al., 2019; Kaihoul 
et al., 2021; Khan 
et al., 2023; Khastar 
& Taleghani, 2024; Li 
et al., 2022; Lin & Gui, 
2024; López‑Cabeza 
et al., 2022; Mirabi 
& Abarghuie, 2023; 
Nasrollahi et al., 2017; 
Pilechiha et al., 2021; 
Soflaei et al., 2017; 
Soflaei et al., 2020; 

(Abuhussain et al., 
2022; Acosta 
et al., 2018; 
Almhafdy et al., 
2019; Alshabanat 
& Omer, 2023; 
Bian et al., 2022; 
Chohan et al., 
2024; Diz‑Mellado 
et al., 2023a; 
Guo et al., 2022; 
Kaihoul et al., 
2021; Mirabi & 
Abarghuie, 2023; 
Tabadkani et al., 
2022; Taki & 
Alsheglawi, 2022; 
Taleghani et al., 
2014; Vaisman & 
Horvat, 2015; Xu 
et al., 2025; Yaşa 
& Ok, 2014; Zhao 
et al., 2022; Zhu 
et al., 2020)

(Acosta 
et al., 2018; 
Gunasagaran 
et al., 2022; 
Khastar & 
Taleghani, 
2024; Sheta 
et al., 2024; 
Vaisman & 
Horvat, 2015; 
Zhu et al., 
2020)

(Almhafdy 
et al., 2019; 
Defiana et al., 
2018; Elgheriani 
et al., 2018; 
Ghaffarianhoseini 
et al., 2015; 
Gunasagaran et al., 
2022; Sun et al., 
2023; Tabadkani 
et al., 2022; 
Toris‑Guitron 
et al., 2022)

(Abuhussain et al., 
2022; H. Akbari 
et al., 2021; Al‑Hafith 
et al., 2023; 
Alshabanat & Omer, 
2023; Chohan et al., 
2024; Dai et al., 2023; 
Gamage et al., 2017; 
Hao et al., 2019; 
Hosham et al., 2019; 
Kaihoul et al., 2021; 
Khan et al., 2023; 
Khastar & Taleghani, 
2024; Mirabi & 
Abarghuie, 2023; 
Nasrollahi et al., 
2017; Pilechiha et al., 
2021; Sheta et al., 
2024; Soflaei et al., 
2017; Soflaei et al., 
2020; Subhashini & 
Thirumaran, 2020; 
Sun et al., 2021; 
Taki & Alsheglawi, 
2022; Teshnehdel, 
Mirnezami, et al., 
2020; Teshnehdel, 
Soflaei, et al., 2020; 
Yaşa & Ok, 2014)

(Acosta et al., 
2018; Azimi & 
Shafaat, 2024; 
Bian et al., 2022; 
Diz‑ Mellado et al., 
2023a, 2023b; 
Domínguez‑Torres 
& Domínguez‑ 
Delgado, 2024; 
Li et al., 2022; 
Lin & Gui, 2024; 
López‑Cabeza 
et al., 2022; 
Tabadkani et al., 
2022; Taleghani 
et al., 2014; Xu 
et al., 2025; Yaşa 
& Ok, 2014; Zhao 
et al., 2022; Zhu 
et al., 2020)
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(Cont'd...)

Sun et al., 2021; Sun 
et al., 2023; Sun et al., 
2024; Tabadkani 
et al., 2022; Taki & 
Alsheglawi, 2022; 
Taleghani et al., 2014; 
Teshnehdel, Mirnezami, 
et al., 2020; Teshnehdel, 
Soflaei, et al., 2020; 
Toris‑Guitron et al., 
2022; Xu et al., 2025; 
Yaşa & Ok, 2014; Zhao 
et al., 2022; Zhu et al., 
2020)

Courtyard 
Tertiary 
Buildings

Review study (Zamani et al., 2018) (Zamani et al., 
2018)

‑ ‑ ‑ ‑

Case study (Guedouh & 
Zemmouri, 2017)

‑ (Guedouh & 
Zemmouri, 
2017)

(Bulus et al., 2017) (Guedouh & 
Zemmouri, 2017)

‑

Experimental 
study

(Abdallah et al., 
2019; Callejas & 
Krüger, 2022; Dai 
& Jiang, 2021; 
Diz‑Mellado et al., 
2024; Forouzandeh & 
Richter, 2019; Gamage 
et al., 2017; Jara et al., 
2017; Sahnoune 
& Benhassine, 
2023; Subhashini & 
Thirumaran, 2020; 
Zakaria et al., 2015)

(Forouzandeh & 
Richter, 2019)

‑ (Callejas & Krüger, 
2022; Subhashini 
& Thirumaran, 
2020; Zakaria 
et al., 2015)

(Abdallah et al., 
2019; Dai & Jiang, 
2021; Gamage et al., 
2017; Jara et al., 
2017)

(Forouzandeh 
& Richter, 2019; 
Sahnoune & 
Benhassine, 2023)

Simulation 
study

(Abdallah, 2022; 
Balah et al., 2024; 
Cantón et al., 2014; 
Diz‑Mellado et al., 
2024; Forouzandeh 
& Richter, 2019; 
Gamage et al., 2017; 
Gan et al., 2024; 
Ghaffarianhoseini et al., 
2015; Guedouh et al., 
2019; Mahmoud & 
Ragab, 2021; Mahmoud 
& Abdallah, 2022; 
Mundra & Kannamma, 
2019; Salameh et al., 
2024; Subhashini & 
Thirumaran, 2020; Sun 
et al., 2023; Tabesh 
& Sertyesilisik, 2016; 
Taleb et al., 2020; Zhu 
et al., 2020)

(Asfour, 2020; 
Beyraghshamshir 
& Sarkardehei, 
2023; Cantón 
et al., 2014; 
Forouzandeh & 
Richter, 2019; He 
et al., 2022; Tabesh 
& Sertyesilisik, 
2016; Taleb et al., 
2020; Zhu et al., 
2020; Zhu et al., 
2024)

(Al‑Sallal 
et al., 2018; 
Asfour, 2020; 
Bin Dalmouk 
& Al‑Sallal, 
2020; 
Guedouh 
et al., 2019; 
Talip et al., 
2021; Zhu 
et al., 2020)

(Ghaffarianhoseini 
et al., 2015; 
Subhashini & 
Thirumaran, 2020; 
Sun et al., 2023; 
Talip et al., 2021)

(Abdallah, 2022; 
Al‑Sallal et al., 
2018; Asfour, 2020; 
Balah et al., 2024; 
Beyraghshamshir 
& Sarkardehei, 
2023; Bin Dalmouk 
& Al‑Sallal, 2020; 
Cantón et al., 2014; 
Gamage et al., 2017; 
Guedouh et al., 2019; 
Mahmoud & Ragab, 
2021; Mahmoud 
& Abdallah, 
2022; Mundra & 
Kannamma, 2019; 
Salameh et al., 
2024; Tabesh & 
Sertyesilisik, 2016; 
Taleb et al., 2020)

(Diz‑Mellado 
et al., 2024; 
Forouzandeh & 
Richter, 2019; Gan 
et al., 2024; He 
et al., 2022; Zhu 
et al., 2020; Zhu 
et al., 2024)

Table 4. (Continued)

Courtyard 
building 
type

Type of 
study

Purpose Climate zones

Thermal comfort Energy efficiency Daylight 
performance

Tropical (A) Hot and arid (B) Temperate  
(C)
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Courtyard 
building 
type

Type of 
study

Continental (D) Courtyard configuration (parameters)

‑ Orientation Aspect ratio Window‑to‑wall 
ratio 

Height‑to‑depth 
ratio

Length‑to‑ width 
ratio

Courtyard 
Housing 
Buildings

Review study ‑ (Zamani et al., 
2018)

(Zamani 
et al., 2018)

(Zamani et al., 
2018)

‑ Zamani et al., 
2018)

Case study ‑ ‑ ‑ ‑ ‑ (Soflaei et al., 
2016)

Experimental 
study

- ‑ (Acosta 
et al., 2018; 
Hosham 
et al., 2019)

‑ ‑ ‑

Simulation 
study

(Teshnehdel, 
Mirnezami, et al., 
2020; Vaisman & 
Horvat, 2015; Yaşa & 
Ok, 2014)

(H. Akbari et al., 
2021; Al‑Hafith 
et al., 2019; 
Almhafdy et al., 
2019; Azimi & 
Shafaat, 2024; 
Dai et al., 2023; 
Domínguez‑Torres 
& Domínguez‑ 
Delgado, 2024; 
Ghaffarianhoseini 
et al., 2015; 
Gunasagaran et al., 
2022; Khastar 
& Taleghani, 
2024; Mirabi & 
Abarghuie, 2023; 
Pilechiha et al., 
2021; Sheta et al., 
2024; Soflaei 
et al., 2020; Taki 
& Alsheglawi, 
2022; Teshnehdel, 
Soflaei, et al., 2020; 
Toris‑ 
Guitron et al., 
2022; Vaisman & 
Horvat, 2015; Xu 
et al., 2025)

(Acosta 
et al., 2018; 
H. Akbari 
et al., 2021; 
Al‑Hafith 
et al., 2019, 
2023; Azimi 
& Shafaat, 
2024; 
Benchekroun 
et al., 2020; 
Defiana 
et al., 2018; 
Diz‑Mellado 
et al., 2023a; 
Hosham 
et al., 2019; 
Khan et al., 
2023; Lin 
& Gui, 
2024; Sheta 
et al., 2024; 
Soflaei et al., 
2020; Sun 
et al., 2023; 
Tabadkani 
et al., 2022; 
Toris‑Guitron 
et al., 2022; 
Xu et al., 
2025)

(Almhafdy et al., 
2019; Guo et al., 
2022; Khastar 
& Taleghani, 
2024; Pilechiha 
et al., 2021; 
Tabadkani et al., 
2022; Vaisman & 
Horvat, 2015)

(Sun et al., 2023; Xu 
et al., 2025)

(H. Akbari et al., 
2021; Al‑Hafith 
et al., 2019, 
2023; Azimi & 
Shafaat, 2024; 
Soflaei et al., 2017; 
Soflaei et al., 2020; 
Tabadkani et al., 
2022; Teshnehdel, 
Soflaei, et al., 2020; 
Toris‑Guitron 
et al., 2022; Yaşa & 
Ok, 2014)

Courtyard 
Tertiary 
Buildings

Review study ‑ (Zamani et al., 
2018)

(Zamani 
et al., 2018)

(Zamani et al., 
2018)

‑ (Zamani et al., 
2018)

Case study ‑ (Bulus et al., 2017) (Guedouh & 
Zemmouri, 
2017)

‑ ‑ (Bulus et al., 2017)

Table 4. (Continued)
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Since the CBs presented serve diverse functions, 
Table  4 shows the types of CBs examined in this study, 
along with the corresponding literature references for each 
type. As CBs do not always have the same configuration 
and the identified studies emphasize different aspects in 
various climate zones, researchers have adopted different 
approaches in their studies. Review studies (R) entail 
examining previously published scholarship on a particular 
subject without proposing specific solutions. Case studies 
(C) involve thoroughly analyzing an individual building 
within its actual context to derive insights or evaluate 
theories. Experimental studies (E) comprise executing 
experiments or assessments, collecting data, and analysing 
findings. Simulation/modeling studies (S) entail exploring 
real-world conditions or hypothetical scenarios employing 
simulation models. Figure  13 compiles the classified 
results, including the number of studies, building function, 

emphases of the articles, types of studies, and tools and 
testing methods.

According to Table 4, it becomes evident that simulation 
and modeling investigations are the predominant 
methodologies within the CB research domain compared 
to case study and experimental-based approaches. Notably, 
several critical simulation studies merit attention. Soflaei et al. 
(2020) and Tabadkani et al. (2022) addressed improvements 
in thermal comfort and energy efficiency by evaluating the 
“orientation, aspect ratio, and L/W” and “aspect ratio, and 
WWR, L/W” parameters for CHBs in climate zones B and 
C, respectively. Several other significant experimental works 
can also be identified. Zakaria et al. (2015) and Forouzandeh 
and Richter (2019) examined CTBs to evaluate thermal 
comfort and energy efficiency in tropical and temperate 
climates. Most investigations prioritizing experimental 

Experimental 
study

(Tabesh & Sertyesilisik, 
2016)

(Abdallah et al., 
2019; Callejas 
& Krüger, 2022; 
Sahnoune & 
Benhassine, 2023)

(Abdallah 
et al., 2019; 
Callejas & 
Krüger, 2022; 
Diz‑Mellado 
et al., 2024; 
Forouzandeh 
& Richter, 
2019; 
Sahnoune & 
Benhassine, 
2023; 
Subhashini & 
Thirumaran, 
2020)

‑ ‑ ‑

Simulation 
study

(Abdallah, 2022; 
Balah et al., 2024; 
Bin Dalmouk & 
Al‑Sallal, 2020; 
Cantón et al., 
2014; Diz‑Mellado 
et al., 2024; 
Ghaffarianhoseini 
et al., 2015; 
He et al., 2022; 
Mahmoud & 
Ragab, 2021; 
Mundra & 
Kannamma, 2019; 
Salameh et al., 
2024; Zhu et al., 
2024)

(Abdallah, 
2022; 
Al‑Sallal 
et al., 2018; 
Balah 
et al., 2024; 
Diz‑Mellado 
et al., 2024; 
Forouzandeh 
& Richter, 
2019; 
Guedouh 
et al., 2019; 
Mahmoud 
& Abdallah, 
2022; 
Subhashini & 
Thirumaran, 
2020; Sun 
et al., 2023)

(Al‑Sallal et al., 
2018; Asfour, 2020; 
Bin Dalmouk & 
Al‑Sallal, 2020; He 
et al., 2022; Tabesh 
& Sertyesilisik, 
2016; Talip et al., 
2021; Zhu et al., 
2024)

(Guedouh et al., 
2019; Sun et al., 
2023)

(Bin Dalmouk & 
Al‑Sallal, 2020; 
Cantón et al., 
2014; Gan et al., 
2024; Mahmoud 
& Abdallah, 2022; 
Salameh et al., 
2024)

Table 4. (Continued)

Courtyard 
building 
type

Type of 
study

Continental (D) Courtyard configuration (parameters)

‑ Orientation Aspect ratio Window‑to‑wall 
ratio 

Height‑to‑depth 
ratio

Length‑to‑ width 
ratio
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advancement and evaluation incorporate the thermal 
comfort performance, the arid climatic classification (B), 
and the courtyard parameter aspect ratio.

Notably, an examination of the data in Table 4 revealed 
that review articles and multi-objective studies addressing 
CBs from the perspectives of thermal comfort, energy 
efficiency, and daylight performance are clearly scarce. In 
addition, the majority of works focus on a single climate, 
while studies analyzing multiple climate zones are rare.

Based on the data presented in Figure 13, research in 
the CB field showed minimal growth between 2014 and 
2021, with a slight dip in 2016. However, since 2021, there 
has been a significant surge in interest within the scientific 
community regarding CBs. In 2022, the graph indicates a 
peak value of 16 articles, the highest point in the dataset. 
This peak is nine studies higher than in 2021, and 14 
studies higher than in 2016. Throughout the review period, 
empirical research significantly outpaced theoretical 
approaches. Over the past five years, there has been a notable 
shift in the scientific community toward simulation-based 
studies. Using full-scale prototypes to assess performance 
in real-world settings is often impractical due to the 
significant time requirements, material limitations, and 

substantial financial implications. Conversely, simulation-
based analyses provide an efficient and cost-effective 
alternative that enables the exploration of hypothetical 
scenarios with enhanced flexibility. These simulations play 
a pivotal role in facilitating informed decision-making 
by evaluating the most promising variables. Among the 
various tools employed, CFD software, DesignBuilder, and 
Integrated Environmental Solutions were identified as the 
most frequently used platforms. The rise of Ladybug Tools 
is particularly remarkable; it offers an integrated solution 
that combines 3D computer-aided design interfaces with 
validated simulation engines.

3.3. Research indicators and metrics evaluated 
for the assessment of thermal comfort, energy 
efficiency, and daylight performance

The evaluation of CBs based on thermal comfort, energy 
efficiency, and daylight performance requires an in-depth 
analysis of various performance metrics. These metrics not 
only indicate design effectiveness but also serve as proxies 
for user experience, operational sustainability, and climatic 
adaptability.

As quality indicators, these metrics span multiple 
domains, including environmental impact, system 

Figure 13. Evolution of tools and testing methods over the following periods: (A) 2014–2016, (B) 2017–2018, (C) 2019–2021, and (D) 2022–2025
Source: Images created by the authors.
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BA
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performance, indoor environmental quality, and energy 
consumption. Their presence in comparative analyses 
strengthens design decision-making processes and 

supports evidence-based architectural practices that 
optimize both passive strategies and occupant well-being 
(Gonçalves et al., 2024; O’Brien et al., 2017). Consequently, 

Table 5. Variables evaluated for the different performance indicators (TC, EE, and DP)

Metrics Articles Variables

TC (Abdallah, 2022; Abdallah et al., 2019; Al‑Hafith et al., 2023; Bian et al., 2022; Cantón et al., 2014; 
Domínguez‑Torres & Domínguez‑Delgado, 2024; Elgheriani et al., 2018; Forouzandeh & Richter, 2019; 
Gamage et al., 2017; Gan et al., 2024; Guedouh & Zemmouri, 2017; Guedouh et al., 2019; Hao et al., 
2019; Hosham et al., 2019; Kaihoul et al., 2021; Khastar & Taleghani, 2024; Lin & Gui, 2024; Mahmoud 
& Abdallah, 2022; Mirabi & Abarghuie, 2023; Mousli & Semprini, 2015; Mundra & Kannamma, 2019; 
Salameh et al., 2024; Soflaei et al., 2017; Subhashini & Thirumaran, 2020; Sun et al., 2023; Sun et al., 
2024; Toe & Kubota, 2015; Xu et al., 2022; Zakaria et al., 2015; Zhao et al., 2022)

Indoor air temperature (°C)

(Khastar & Taleghani, 2024; Toris‑Guitron et al., 2022) Solar gain (kWh)

(Domínguez‑Torres & Domínguez‑Delgado, 2024) Courtyard surface temperature (°C)

(Domínguez‑Torres & Domínguez‑Delgado, 2024) Thermal load (Wh/sqm)

(Chohan et al., 2024; Subhashini & Thirumaran, 2020) Annual net CO2 emission (ppm)

(Balah et al., 2024; Chohan et al., 2024; Dai et al., 2023; Ghaffarianhoseini et al., 2015; Li et al., 2022; 
Sahnoune & Benhassine, 2023; Tabadkani et al., 2022; Taki & Alsheglawi, 2022; Taleb et al., 2020; 
Teshnehdel, Mirnezami, et al., 2020)

Predicted mean vote

(Abdallah, 2022; Azimi & Shafaat, 2024; Balah et al., 2024; Diz‑Mellado et al., 2023b; Ghaffarianhoseini 
et al., 2015; Mahmoud & Ragab, 2021; Mahmoud & Abdallah, 2022; Mundra & Kannamma, 2019; 
Sözen & Koçlar Oral, 2019; Teshnehdel, Mirnezami, et al., 2020; Xu et al., 2022; Xu et al., 2025)

Physiologically equivalent (°C)

(Abdallah et al., 2019; Defiana et al., 2018; Hao et al., 2019; Lin & Gui, 2024; Mousli & Semprini, 2015; Sheta 
et al., 2024; Subhashini & Thirumaran, 2020; Sun et al., 2023; Sun et al., 2024; Toris‑Guitron et al., 2022)

Wind speed (m/s)

(Al‑Hafith et al., 2023; Mahmoud & Abdallah, 2022; Sözen & Koçlar Oral, 2019; Subhashini & 
Thirumaran, 2020; Sun et al., 2023; Xu et al., 2022; Xu et al., 2025)

Mean radiant temperature (°C)

(Abdallah, 2022; Abdallah et al., 2019; Diz‑Mellado et al., 2024; Hao et al., 2019; Hosham et al., 2019; 
Kaihoul et al., 2021; Lin & Gui, 2024; Mousli & Semprini, 2015; Subhashini & Thirumaran, 2020; Sun 
et al., 2024; Toe & Kubota, 2015; Zakaria et al., 2015; Zhao et al., 2022)

Relative humidity (%)

(Dai et al., 2023) Comfort hours (%)

(Li et al., 2022; Sun et al., 2023; Sun et al., 2024) Adaptive predicted mean vote

(Diz‑Mellado et al., 2023a, 2023b; López‑Cabeza et al., 2022) Thermal gap (°C)

(Diz‑Mellado et al., 2023a) Diurnal thermal range (°C)

(Diz‑Mellado et al., 2023a) Thermal balance (kW)

(Taki & Alsheglawi, 2022) The actual mean vote

(Subhashini & Thirumaran, 2020; Taki & Alsheglawi, 2022) Globe temperature (°C)

(Taleghani et al., 2014; Toris‑Guitron et al., 2022) The percentage of discomfort 
hours (%)

(Azimi & Shafaat, 2024; Callejas & Krüger, 2022; López‑Cabeza et al., 2022; Nasrollahi et al., 2017) Universal thermal climate index (°C)

(Mahmoud & Abdallah, 2022) The standard effective 
temperature (°C)

(Abdallah, 2022; Callejas & Krüger, 2022; Dai & Jiang, 2021) Thermal sensation votes

(Toris‑Guitron et al., 2022) Operative temperature of indoor 
spaces (°C)

(Li et al., 2022) Mean thermal sensation

(Khan et al., 2023) Night‑time effectiveness ratio (%)

(Khan et al., 2023) Time constant (h)

(Sun et al., 2021) Indoor air‑dry bulb temperature (°C)

(Sun et al., 2021; Zhu et al., 2020) Predicted percentage of 
dissatisfied (%)

(Cont'd...)
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Table 5. (Continued)

Metrics Articles Variables

(Pilechiha et al., 2021) Indoor adaptive thermal comfort (%)

(Akbari et al., 2021; Soflaei et al., 2017; Teshnehdel, Soflaei, et al., 2020) The shading index for summer (%)

(Akbari et al., 2021) The sun lit index for winter (%)

(Soflaei et al., 2020) Air flow volume (m3/s)

(Abdallah et al., 2019; Soflaei et al., 2020) Outdoor temperature (°C)

(Teshnehdel, Mirnezami, et al., 2020) The shading percentage of the 
surfaces (%)

(Teshnehdel, Mirnezami, et al., 2020) The sunlit percentage of the 
surfaces (%)

(Dai & Jiang, 2021) The thermal acceptability (%)

(Dai & Jiang, 2021) The comfort temperature (%)

(Subhashini & Thirumaran, 2020) The air change rates (h)

(Hosham et al., 2019; Taleghani et al., 2014; Zakaria et al., 2015) The operative temperature (°C)

(Jara et al., 2017) ∆Tmax (°C)

(Toe & Kubota, 2015) The outdoor absolute humidity (g/kg)

(Lin & Gui, 2024) Pressure perturbation (dPa)

EE (Chohan et al., 2024) Annual net electricity use (kWh)

(Beyraghshamshir & Sarkardehei, 2023; Bian et al., 2022; Chohan et al., 2024; Guo et al., 2022; He et al., 
2022; Kaihoul et al., 2021; Tabadkani et al., 2022; Talip et al., 2021; Zhao et al., 2022; Zhu et al., 2024)

Yearly cooling energy (kWh)

(Chohan et al., 2024) Energy use intensity (kWh/sqm/yr)

(Abuhussain et al., 2022; Bian et al., 2022; He et al., 2022; Mirabi & Abarghuie, 2023; Tabesh & 
Sertyesilisik, 2016; Taleb et al., 2020; Zhu et al., 2020; Zhu et al., 2024)

Total annual energy 
consumption (kWh/sqm)

(Beyraghshamshir & Sarkardehei, 2023; Bian et al., 2022; He et al., 2022; Kaihoul et al., 2021; Tabadkani 
et al., 2022; Taleghani et al., 2014; Zhao et al., 2022; Zhu et al., 2024)

Annual heating energy 
consumption (kWh/sqm)

(Asfour, 2020; Beyraghshamshir & Sarkardehei, 2023; He et al., 2022; Talip et al., 2021; Vaisman & 
Horvat, 2015; Zhu et al., 2024)

Lighting energy 
consumption (kWh/sqm)

(Zhu et al., 2024) Internal electrical equipment 
consumption (kWh/sqm)

(Alshabanat & Omer, 2023; Taki & Alsheglawi, 2022) Annual energy 
consumption (kWh/sqm)

(Asfour, 2020; Khastar & Taleghani, 2024; Yaşa & Ok, 2014) Solar gain (kWh)

(Tabadkani et al., 2022) Utility costs ($/kWh)

(Vaisman & Horvat, 2015) Heating energy demand (natural 
gas consumption)

DP (Acosta et al., 2018; Asfour, 2020; Chohan et al., 2024; Khastar & Taleghani, 2024) The daylight factor (%)

(Guedouh & Zemmouri, 2017; Guedouh et al., 2019; Khastar & Taleghani, 2024; Sheta et al., 2024; 
Vaisman & Horvat, 2015)

Illuminance (lux)

(Acosta et al., 2018; Al‑Sallal et al., 2018; Asfour, 2020; Bin Dalmouk & Al‑Sallal, 2020; Sheta et al., 
2024; Talip et al., 2021; Zhu et al., 2020)

Spatial daylight 
autonomy (DA) (%)

(Al‑Sallal et al., 2018; Sheta et al., 2024) Daylight glare probability (%)

(Gunasagaran et al., 2022) 3Sp Daylight availability (lux)

(Al‑Sallal et al., 2018; Asfour, 2020; Talip et al., 2021) Annual sunshine exposure (lux)

(Bin Dalmouk & Al‑Sallal, 2020) DACon (%)

(Bin Dalmouk & Al‑Sallal, 2020) DAmax (%)

(Bin Dalmouk & Al‑Sallal, 2020) Useful daylight illuminance (%)

Abbreviations: DP: Daylight performance; EE: Energy efficiency; TC: Thermal comfort.
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Table 5 encapsulates the variables identified in the reviewed 
articles relevant to the assessment of thermal comfort, 
energy efficiency, and daylight performance.

3.3.1. Thermal comfort metrics
The assessment of thermal comfort in CBs primarily 
focuses on the interaction between indoor and outdoor 
conditions, especially under varying climatic conditions. 
The following indicators were most frequently used across 
the reviewed studies:
•	 Indoor air temperature: The most fundamental 

metric for gauging the thermal environment and its 
regulation within enclosed courtyard spaces

•	 Relative humidity: Influences heat perception and the 
efficiency of natural ventilation strategies

•	 Physiologically equivalent temperature: An integrative 
index that considers human energy balance and 
thermoregulation. Used in outdoor and semi-outdoor 
courtyard spaces

•	 Predicted mean vote and mean radiant temperature: 
These are widely accepted in the American Society 
of Heating, Refrigerating, and Air-Conditioning 
Engineers and the International Organization for 
Standardization standards, offering a more nuanced 
view of perceived thermal conditions

•	 Wind speed and ventilation rate: These are often 
used in CFD-based simulations to understand how 
courtyard geometry impacts air movement and 
cooling potential.

Though highly relevant for occupant-centric 
assessments, the following are notably underutilized:
•	 Thermal sensation vote: Empirical subjective comfort 

ratings by occupants
•	 Adaptive thermal comfort: This metric reflects 

occupants’ acclimatization and behavioral adaptations 
in naturally ventilated spaces, making it a particularly 
pertinent metric for passive architecture.

This suggests an imbalance in the subjective and 
behavioral assessment approaches within the CB 
performance literature.

3.3.2. Energy efficiency metrics

The energy efficiency analysis focused heavily on energy 
demand profiling for cooling and lighting. Key variables 
extracted from simulations and empirical studies included:
•	 Annual cooling load and cooling energy demand 

(kWh/sqm•year): This is the most frequently reported 
variable due to the frequent application of CBs in 
hot/arid and temperate zones, where overheating is a 
central concern

•	 Heating energy consumption: Although less emphasized, 
especially in warm climates, some temperate and 

continental cases accounted for annual heating loads
•	 Lighting energy consumption: Frequently modeled 

in conjunction with daylighting analysis, especially in 
CTBs

•	 Energy use intensity: An integrative variable allowing 
cross-case comparisons of overall building energy 
performance.

Interestingly, multi-objective optimizations that 
evaluate trade-offs between passive cooling benefits and 
daylighting gains are scarce. This reflects a methodological 
bias toward thermal analysis and calls for more integrative 
simulations that co-model light and heat dynamics.

3.3.3. Daylight performance metrics

In recent years, there has been a noticeable increase in 
evaluations focused on daylight performance, especially in 
tertiary buildings where glare control and visual comfort 
are critical. Leading performance indicators include:
•	 Spatial daylight autonomy: The most prevalent 

daylighting metric in the reviewed corpus. It quantifies 
the percentage of occupied space receiving sufficient 
daylight for a specified portion of the occupied period

•	 Daylight factor: A  traditional, static metric that 
remains widely used due to its simplicity and 
regulatory acceptance

•	 Annual sunlight exposure: Used less frequently, it is 
useful for identifying risks of glare and overheating 
from direct sunlight

•	 Useful daylight illuminance: Occasionally employed 
to evaluate light quality thresholds, especially in office 
or educational settings.

Daylight performance assessment tools often integrate 
Radiance, Honeybee, or Daysim, which offer refined 
daylight simulations embedded in popular platforms such 
as Ladybug Tools.

3.4. Cross-cutting observations

It was observed that:
•	 Dominance of simulated over empirical data: Although 

simulations allow for the efficient manipulation of 
variables, there is still a significant shortage of field 
validation studies involving in situ temperature, lux 
levels, and occupant surveys

•	 Underexplored combined indicators: Very few studies 
holistically assess thermal comfort, energy efficiency, 
and daylight performance together using linked 
metrics. For example, balancing daylight autonomy 
with the increase in cooling load due to solar gain is 
an underdeveloped approach

•	 Temporal resolution: Most studies report annual or 
seasonal averages. However, diurnal variations and 
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transient responses (e.g., peak summer hours or 
winter mornings) are crucial for CBs with dynamic 
microclimates and are seldom analyzed.

4. Discussion
The systematic review of articles on CBs from the aspects 
of building functionality (CHBs and CTBs), purposes 
(thermal comfort, energy efficiency, daylight performance, 
climate zones [A, B, C, and D]), and courtyard configuration 
(orientation, aspect ratio, H/D, WWR, and L/W) has 
uncovered outcomes and trends that reveal key areas of 
limitations and discrepancies. In this section, several research 
gaps are identified (Figure  14): the lack of multi-objective 
assessments, fragmented theoretical frameworks, overreliance 
on simulation without field validation, underrepresentation 
of climate zones A and D, and limited population-sensitive 
analyses. A conceptual framework (Figure 15) was proposed 
to integrate passive design parameters with performance 
outcomes. This framework will guide future multi-objective, 
multi-climatic research and the development of parametric 
building information modeling tools.

4.1. Courtyard buildings for a new theoretical frame

Despite extensive research on CBs, studies are unevenly 
distributed across climate zones, performance metrics, and 
building types. Most studies concentrate on hot-arid (B) and 
temperate (C) regions, leaving a significant gap in research 
pertaining to tropical (A) and continental (D) climates. This 

disparity limits the applicability of the findings and raises 
concerns about climatic representativeness. Furthermore, 
among the 83 studies reviewed, few employed multi-
objective evaluations that simultaneously consider thermal 
comfort, energy efficiency, and daylight performance. 
The absence of comprehensive performance assessments 
hinders the establishment of robust conclusions regarding 
courtyard effectiveness in diverse environmental and 
operational contexts.

As expected, the analysis revealed significant 
fragmentation in the knowledge base concerning 
the relationship between courtyard parameters and 
environmental performance metrics. Although orientation 
and aspect ratio are commonly studied, their interactions 
with variables such as the H/D, WWR, and H/L have not 
been adequately explored theoretically. Furthermore, 
research rarely clarifies the mechanisms connecting 
geometric changes to thermal and visual comfort, resulting 
in literature that is more descriptive than explanatory. The 
lack of interdisciplinary knowledge integration, especially 
among building physics, architectural morphology, 
and human-environment interaction, exacerbates this 
epistemic gap.

Surprisingly, few studies identified in this SLR have 
substantial theoretical foundations (Bulus et al., 2017; 
Soflaei et al., 2016; Zamani et al., 2018). The frameworks 
for evaluating courtyard performance are often vague or 
inadequately developed. For example, although adaptive 

Figure 14. Identified areas of the research gaps
Source: Image created by the authors.
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thermal comfort models and daylight autonomy metrics 
are referenced, they lack consistent integration into a 
unified theoretical framework. The absence of theory-
based typologies for courtyard configurations and climatic 
adaptation limits the analytical rigor of existing studies. 
A  more thorough engagement with theories of passive 
design, climate adaptation, and spatial morphology 
theories would enhance the intellectual sophistication of 
the CB field.

4.2. Courtyard buildings for the conceptual frame

Based on the results of the current study, the CB research 
methodology predominantly favors simulation methods, 
with limited representation of experimental or mixed-
methods approaches. While computational tools such as 
DesignBuilder, EnergyPlus, and ENVI-met offer valuable 
insights, relying exclusively on them can lead to over-
dependence on hypothetical scenarios. Few studies have 
used field measurements or post-occupancy evaluations to 
validate simulation models (Zhao et al., 2022). Additionally, 
variability in input parameters, software configurations, 
and climate data sources makes it difficult to compare 
results. The absence of standardized methodological 
frameworks for assessing courtyard performance hampers 

the development of reproducible and generalizable 
outcomes.

Moreover, a notable empirical gap exists in the 
application of courtyard design across various socio-
cultural and geographical contexts. Empirical research 
is primarily limited to a few countries and often lacks 
comparative analyses across different climatic zones or 
urban environments. In addition, the reliance on single-
case analyses limits the external validity of the conclusions. 
Studies examining seasonal variations, climate adaptation 
strategies, and energy consumption patterns over time 
are scarce. The inadequate inclusion of in situ user data 
(e.g., thermal sensation, adaptive comfort thresholds, 
and lighting preferences) might intensify this empirical 
deficiency. Furthermore, there is a significant divergence 
between academic research outputs and their practical 
application. Simulation-based studies are prevalent 
but often devoid of contextual relevance and practical 
guidance for professionals. Research findings rarely evolve 
into implementable design principles or parametric tools 
for architects and engineers during the preliminary design 
phases. Furthermore, simulation outcomes often overlook 
critical factors such as construction materials, occupant 

Figure 15. Conceptual framework illustrating the relationship between courtyard geometric parameters (e.g., orientation [OR], aspect ratio [AR], height-
to-depth ratio [H/D], window-to-wall ratio [WWR], and height-to-length ratio [H/L]), climatic zones (A–D), and the resulting impacts on thermal 
comfort (TC), energy efficiency (EE), and daylight performance (DP)
Source: Image created by the authors.
Abbreviations: BIM: Building information modeling; CHB: Courtyard housing building; CTB: Courtyard tertiary building.
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behavior, and economic limitations that influence real-
world efficacy. Consequently, the practical impact on 
design and implementation is limited.

There is a scarce number of studies, such as that by 
Abdallah (2022), in which the thermal sensation vote was 
evaluated using a questionnaire survey in a school building. 
However, most studies either neglect demographic 
variability or are limited to specific climates, such as 
arid zones. These studies focus on generic user profiles 
without considering the specific needs of populations such 
as children, the elderly, and individuals with disabilities. 
In the context of courtyard housing, where occupancy 
patterns and physiological responses vary considerably, the 
lack of population-sensitive analyses is a critical omission. 
Additionally, the overwhelming focus on residential 
typologies (CHBs) rather than institutional or public 
buildings (CTBs) limits functional insight diversity. Rarely 

do studies examine how different user groups perceive and 
adapt to courtyard environments, which undermines the 
development of inclusive and universally applicable design 
solutions.

4.3. Implications for Chinese courtyard architecture 
and urban contexts

The systematic review’s results have substantial 
implications for Chinese courtyard architecture, which 
includes climatically adapted typologies such as the 
siheyuan, sanheyuan, and tulou. These typologies reflect 
spatial principles established in global studies, including 
courtyard enclosure, H/W, orientation, and openness, 
which affect thermal comfort, ventilation, and daylight 
performance in China’s varied climatic zones.

Despite their architectural significance, Chinese CBs 
are usually researched from historical or morphological 

Table 6. Summary of research gaps across key aspects of the literature (performance focus, courtyard configuration, and 
climate context)

Research gaps Research variables

Performance focus Courtyard configuration Climatic context

Evidence gap ‑ �Lack of triangulated (TC, EE, DP) 
and comprehensive performance 
assessments

‑ Limited experimental studies

‑ Lack of parametric assessments ‑ �Lack of multi‑climate 
analyses

Knowledge gap ‑ �Dynamic interactions among parameters (e.g., AR, OR, 
and L/W) are underexplored

‑ �Mechanisms linking geometric alterations to thermal 
dynamics are often examined at the expense of visual comfort

Theoretical gap ‑ �Adaptive thermal comfort models 
and daylight autonomy metrics 
are rarely referenced

‑ �Lack of theory‑informed typologies of courtyard 
configurations and climatic responsiveness

‑ �Limited consideration of 
spatial morphology

‑ �Limited engagement with 
theories of passive design 
and climate adaptation

Methodological 
gap

‑ �Lack of multi‑objective 
optimization

‑ �Lack of sensitive analysis (parameter–purpose correlation 
assessment)

‑ �Lack of multi‑objective optimization
‑ �Limited representation of experimental or mixed‑methods 

approaches
‑ �Limited evaluation of daylighting in courtyard housing 

buildings

Practical gap ‑ �Disconnect between research outputs and real‑world 
implementation

‑ �Findings are rarely translated into actionable design principles

Empirical gap ‑ �Insufficient incorporation 
of in situ user data (e.g., 
thermal sensation, adaptive 
comfort thresholds, and 
lighting preferences)

‑ Lack of real‑world validation
‑ �Limited application of courtyard design principles across 

diverse socio‑cultural and geographical contexts
‑ �Lack of comparative analyses across climatic zones or 

urban settings

‑ �Longitudinal investigations 
capturing seasonal 
variations, climate 
adaptation behaviors, and 
energy use patterns are rare

Population gap ‑ �Limited coverage of diverse 
building typologies and occupant 
comfort satisfaction (subjective 
comfort assessment)

‑ Lack of population‑sensitive analyses
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viewpoints, with limited systematic examination of their 
environmental performance using integrated quantitative 
metrics. This review demonstrates the potential of 
utilizing global performance-based evidence to reconsider 
traditional courtyard designs in contemporary Chinese 
residential and tertiary buildings, as well as in heritage 
and rural contexts. By linking worldwide research findings 
to Chinese architectural traditions, the study provides a 
formal platform for performance-oriented adaptation and 
future research in Chinese courtyard design.

4.4. Future directions

Addressing these research gaps requires a more 
interdisciplinary, context-aware, and methodologically 
pluralistic approach. Future research should prioritize multi-
objective, multi-climatic studies that integrate empirical 
validation with insights from simulation. Developing open-
access databases, standardized testing protocols, and theory-
informed design tools can bridge the gap between academic 
inquiry and professional practice. Moreover, expanding 
the focus to underrepresented climates, user groups, and 
building functions will ensure a more comprehensive 
understanding of the potential of courtyard architecture to 
advance sustainability and occupant well-being. This novel 
framework enables an accurate assessment of deficiencies 
in existing literature, providing a clear and structured view 
of the current challenges in the field. These research gaps 
are summarized in Table  6, providing a helpful overview 
of the areas needing further exploration. The identification 
of trends in these gaps not only highlights unexplored 
opportunities but also establishes a foundation for future 
research aimed at improving energy efficiency and building 
performance through CB designs.

5. Conclusion
This systematic review examined 83 studies on CBs 
published between 2014 and 2025, applying the PRISMA 
method, thematic analysis, and an analytical framework 
to assess trends and performance across typology (CHBs 
and CTBs), design purposes (thermal comfort, energy 
efficiency, and daylight performance), climate zones 
(A–D), and configuration parameters (orientation, aspect 
ratio, H/D, WWR, and L/W).

The key trends identified are as follows:
•	 CHBs dominated the literature (68%), with a primary 

focus on improving thermal comfort
•	 CTBs received comparatively less attention (41%), 

though studies addressing daylight performance were 
more prominent, potentially due to unified lighting 
systems in institutional typologies

•	 Tropical (A) and continental (D) climates remain 
underrepresented, while arid regions (B) account for 

the majority of the studies due to pronounced thermal 
fluctuations

•	 Orientation and aspect ratio emerged as the most 
frequently assessed parameters, reflecting their 
influence on solar exposure, shading, and ventilation

•	 Simulation and modeling approaches prevail across 
the corpus, potentially due to practical limitations of 
full-scale prototyping

•	 Integrated assessments of thermal comfort, energy 
efficiency, and daylight performance remain rare. 
Interactions—such as trade-offs between daylight 
autonomy and increased cooling demand—are still 
insufficiently explored.

The identified research gaps are as follows:
(i)	 Theoretical gaps:

•	 Limited coverage of climate zones A and D 
reduces the generalizability of findings across 
diverse climatic contexts

•	 The scarcity of multi-objective assessments 
prevents a holistic evaluation of courtyard efficacy

•	 Parameter interplay (e.g., orientation × aspect 
ratio × L/W) lacks theoretical explanation and 
interdisciplinary grounding

•	 Frameworks often default to descriptive accounts 
without causal insight or integration of building 
physics, morphology, or human perception

•	 Adaptive comfort models and daylight metrics 
are inconsistently applied across studies.

(ii)	 Conceptual and empirical gaps:
•	 Simulation-heavy methodologies often 

overshadow experimental and mixed-methods 
research, thereby challenging real-world validation

•	 Lack of standardized protocols and input 
variability hinders comparative analysis and 
reproducibility

•	 Geographic and socio-cultural diversity is 
limited, with a preponderance of single-case, 
non-longitudinal studies

•	 In situ user data, such as thermal sensation and 
daylight perception, are rarely captured

•	 Most studies fall short of translating their results 
into actionable design principles or toolsets for 
practical application

•	 Functional diversity is skewed toward CHBs, with 
CTBs underrepresented.

By synthesizing global evidence on courtyard 
configuration and environmental performance, this study 
provides a performance-oriented lens through which 
traditional Chinese CBs can be reassessed, conserved, and 
adapted to contemporary residential and tertiary building 
contexts. The results highlight opportunities for integrating 
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empirical validation, multi-objective optimization, and 
climate-sensitive design strategies to support sustainable 
architectural development in both urban and rural settings 
in China. Moreover, studies seldom investigate the impact 
of irregular courtyard geometries or vegetation-based 
microclimatic interventions. These omissions, coupled 
with the constrained dataset, limit the applicability of 
findings to broader contexts.

This review lays the groundwork for future 
interdisciplinary research, policy guidance, and tool 
development. It calls for empirically validated, theory-
informed approaches to climate-responsive design—
positioning CBs as a critical typology in shaping sustainable 
Chinese and global architectural practice.
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