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Abstract 
Building façades significantly influence building thermal performance and contribute to urban heat mitigation, particularly in hot-

humid climates. While field testing, laboratory experiments, numerical modeling, and digital simulations are widely applied in façade 

research, methodological frameworks for integrating these into hybrid approaches remain limited. This study systematically reviews 

32 peer-reviewed articles to analyze the types, sequencing, and disciplinary tendencies in applying hybrid experimental approaches 

for façade thermal performance research. Seven type of hybrid experimental approach were identified, with combination of field 

experiments-simulations are most common. Stage sequencing varied by research objectives, while disciplinary background 

influenced whether studies began with modelling or empirical experimentation. The proposed hybrid experimental research 

framework offers strategic guidance for approach selection and sequencing, supporting resource efficiency and methodological 

rigor in sustainable building design. 
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Pendekatan Eksperimental Hybrid pada Penelitian Kinerja Termal Fasad 

Bangunan: Sebuah Review Sistematis 

Abstrak 
Fasad bangunan memengaruhi kinerja termal bangunan dan berkontribusi dalam mitigasi panas perkotaan secara signifikan, 

khususnya di iklim panas-lembap. Meskipun pendekatan eksperimental seperti pengujian lapangan, eksperimen laboratorium, 

pemodelan numerik, dan simulasi digital banyak digunakan dalam penelitian fasad, kerangka metodologis untuk mengintegrasikan 

pendekatan-pendekatan ini ke dalam pendekatan hibrida masih terbatas. Penelitian ini melakukan tinjauan sistematis terhadap 

32 artikel peer-reviewed untuk menganalisis jenis, urutan, dan kecenderungan disiplin ilmu dalam menerapkan pendekatan 

eksperimental hibrida untuk penelitian kinerja termal dinding luar. Tujuh jenis pendekatan eksperimental hibrida diidentifikasi, 

dengan kombinasi eksperimen lapangan-simulasi paling sering ditemukan. Urutan tahap bervariasi tergantung pada tujuan 

penelitian, sementara latar belakang disiplin ilmu memengaruhi apakah studi dimulai dengan pemodelan atau eksperimen empiris. 

Kerangka kerja penelitian eksperimental hibrida yang diusulkan memberikan panduan strategis untuk pemilihan pendekatan dan 

urutan, mendukung efisiensi sumber daya dan ketelitian metodologis dalam desain bangunan berkelanjutan. 
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Introduction 

The building sector is the largest contributor to global 

energy consumption, which is 40% of the total energy 

consumption [1]. In Indonesia, the building and 

construction sector consumed 23% of total energy 

consumption in 2021 and is predicted to increase by 

up to 40% by 2030 [2]. Buildings consume 38% of the 

need for mechanical ventilation, making air 

conditioning the largest energy user in buildings [3]. In 

country with hot-humid climate such as in Indonesia, 

the ownership of air conditioning equipment in 

residential buildings has become a basic need, which 

is shown by the presence of fans in 78-91% of 

residential houses and the presence of air 

conditioners in 14-69% of residential houses [4].   

Building facades play an important role in determining 

the thermal and energy performance of buildings, and 

can directly affect the sustainability, energy 

efficiency, and environmental quality of indoor spaces 

[5], [6]. The façade of the building regulates the 

exchange of heat, air and the entry of light into the 

building, thus maintaining comfort in the room. The 

ability of the building façade to regulate the energy 

that passes through it is significantly influenced by the 

selection of wall materials, fenestration systems and 

the use of shading devices [7]–[12]. Optimal façade 

design can improve thermal performance, reduce 

energy consumption, and reduce dependence on 

mechanical air conditioning systems for air 

conditioning, thereby improving healthier and more 

sustainable indoor space conditions [8], [13]. In 

addition, the configuration of the façade can affect 

the microclimate, particularly in dense urban canyon 

areas, contributing to the formation of urban heat 

islands [14]. Therefore, it is necessary to develop high-

thermal performance façade technology to reduce the 

impact on the thermal environment of indoor and 

outdoor spaces.  

Facade technology research often uses an 

experimental approach [15]. Experimental research 

was conducted to evaluate how the thermal 

performance of a building façade is by manipulating 

free variables, to see the influence of free variables on 

the thermal performance of building facades [16]. An 

experimental approach to physical models in building 

façade technology research can be conducted in two 

ways, namely measuring the results of field and 

laboratory experiment [17], [18]. Field experiments 

have the advantage that researchers can make direct 

observations of the performance of the façade under 

dynamic environmental conditions, where external 

factors such as solar radiation, wind speed, cloud 

cover, and temperature, can occur naturally. This 

allows researchers to explore the response of facades 

to real-world conditions and test specific treatments 

or modifications to façade design [19].  

However, the complexity and variability of the 

outdoor environment make it difficult for researchers 

to examine the role of certain factors on the thermal 

performance of buildings specifically [20], [21]. In 

contrast, laboratory-based experimental research has 

high internal validity, as it allows researchers to 

determine the impact of manipulation of independent 

variables on performance, by regulating or eliminating 

other variables that may exist under real-world 

conditions that could cause bias [17]. Laboratory-

based experiments use equipment such as climate 

chambers, solar simulators, and wind tunnels to 

replicate external conditions that are independent 

variables in research [22]–[24]. However, despite 

having great control over environmental factors, 

laboratory experiments face great challenges, 

especially in replicating the dynamic and complex 

nature of the outside environment [25].  

Another experimental approach that is often used is 

simulation using numerical and digital models. 

Numerical models simplify dynamic conditions into 

steady-state conditions and make it easier to compare 

façade performance with different design parameters 

[26]. However, because it is a steady-state that 

indicates momentary conditions, numerical models 

are not representative of the thermal performance of 

building facades over a longer period of time. 

Simulations using digital models allow simulations of 

the application of façade technology to different 

building typologies and model scales and see the 

consequences, without incurring large costs. 

However, incorporating initial data into digital 

modeling needs to be done carefully and carefully to 

produce accurate findings [27]. 

Even though there are several prior publications that 

mentioned types of experimental research approach 

in building performance study, there has been no 

article explaining the framework of experimental 

hybrid approach in façade thermal performance 

research [18], [23], [28]. There is a difference in the 

order in which simulations and experiments are 

conducted in studies that use a combination of the 

two raises doubts in novice researchers. The 

differences in method used in each stage are 

suspected to be due to differences in research 

objectives and the author's background. 

This study will discuss how the framework conducted 

by the researcher in conducting thermal performance 
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research on building facades with a hybrid approach. 

The hybrid approach to be studied is research that 

conducts a combination of laboratory experiments, 

field experiments, numerical and digital simulations. 

The combination can consist of two or more 

approaches. This study will provide an overview of 

when a researcher conducts a simulation first or a field 

or laboratory experiment in the initial stage. 

Methods 

This study conducted a literature review of thermal 

performance research articles on building facades 

using a hybrid approach. The hybrid approach 

referred to in this study is research conducted by 

combining experiments conducted in the field and 

laboratory with other approaches, such as simulation 

or model development. The use of a hybrid approach 

is already common. Cuce conducted field experiments 

to see the difference in thermal regulation between 

conventional walls and those covered by the Hedera 

helix, conducted simulations using Ecotect to justify 

the accuracy of the experimental results, and finally 

calculated the absorption of solar radiation using 

numerical models. Ibrahim et al. began the research by 

conducting field measurements of one reference 

model and one test model, followed by simulation 

using numerical models to see the performance of 

pipe-embedded walls. On the other hand, Yu et al. 

developed a dynamic model based on the response 

factor method on the wall integrated with a flat plate 

solar collector, which was then validated through 

experiments. 

A similar literature review method has been 

conducted in a study on the state-of-the-art review of 

hybrid simulation modeling in operational research 

[29].  In the study, articles were selected based on 

search strategies, then reviewed and sorted based on 

inclusion and exclusion criteria. The discussion of the 

results of the review was carried out by describing the 

type of study based on the type of simulation 

conducted, conceptual modeling based on the type of 

article, and the type of hybridization based on the 

type of simulation technique conducted. 

This research was conducted in two stages, such as 

data collection and data analysis, which are shown in 

Figure 1. The first stage is data collection. The data 

collection stage began with a search from the 

Sciencedirect database to find building façade 

technology research on the topic of Urban Heat Island 

(UHI) and energy. To find research paper about 

building façade technology as UHI mitigation and 

energy consumption reduction strategy, the terms 

  

"urban heat island", "energy", "cooling", 

"microclimate", "heat", "facade", "envelope", "wall", 

"experimental", and "pipe" are used as search 

keywords. Then, the search is performed using the 

Boolean "AND" and "OR" to sharpen the search 

results. For paper with UHI related topic, the search 

was done using keywords (“urban heat island”) AND 

("Energy" OR "cooling" OR "microclimate" OR "heat") 

AND ("facade" OR "envelope" OR "wall") AND 

("experimental"), while the energy related topics use 

keywords ("Energy" OR "microclimate" OR "heat") 

AND ("facade" OR "envelope" OR "wall") AND 

("experimental") AND "cooling" AND ("pipe"). 

Since the search results show a large number of 

articles, namely 3,044 articles on UHI topics and 

74,867 articles on energy topics, the search is 

narrowed to research published in the 2015-2025 

range and the title must contain the terms "façade" 

and its synonyms, such as "envelope" and "wall". 

Based on the selection, 651 articles with UHI topics 

and 1,313 articles with energy topics were filtered. 

 

Figure 1. Flow of research method 

The selection continued by selecting articles in the 

form of research articles from quartile journals 1 and 

2 in the subject area of "engineering", "energy", 

"environmental science" or "material science". Articles 

that appear more than once and that are unrelated 

regarding strategies to reduce cooling loads or 

improve microclimate conditions through 

modification of building facades are removed from the 

list of articles to be reviewed. From the 76 articles 

screened, data collection was carried out on the 

approaches used, and 32 articles were selected using 

a hybrid approach. Figure 2 shows the PRISMA 2020 

flow diagram for this systematic review.  Finally, data 

collection was carried out on the type of hybrid 

approach, approach selection reason, research stage 

purpose, and the background of the researcher. 
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In the second stage, the collected data is analyzed. 

Distribution analysis was performed on the data on 

the type of hybrid experimental approach, describing 

the number of research stages and the order of 

research approaches used in each stage, to identify 

the most used types of hybrid experimental 

approaches. Distribution analysis was also conducted 

on type of hybrid approaches and its selection reason 

to understand the researcher motives when designing 

experimental research.  Meanwhile, the data on the 

research stage purpose, the type of hybrid approach, 

and the researcher's background were processed 

using correspondence analysis to find out which type 

of approach for specific research objectives.  

Results 

Types of Hybrid Experimental Approaches 

Based on 34 articles selected from the inclusion and 

exclusion criteria, a review was conducted by reading 

the full-paper to understand the type of hybrid 

experimental approach carried out. Two articles were 

removed from the review list because they were not 

hybrid experimental, leaving 32 articles. To determine 

the types of approaches that are most commonly 

used, a distribution analysis of the hybrid 

experimental approach was performed (see Figure 3). 

Based on the results of the distribution analysis, it is 

known that there are six types of hybrid experimental 

approaches, namely; 1) combined field experiment 

and simulation (FE-S), 2) combined laboratory 

experiment and simulation (LE-S), 3) combined field 

experiment and numerical model development (FE-N), 

4) combined laboratory experiment and numerical 

model development (LE-N), 5) combined field 

experiment, laboratory experiment and simulation 

(FE-LE-S), 6) combined field experiment, numerical 

model development and simulation (FE-N-S), and 7) 

combined four approaches (FE-LE-N-S). Among the 

six types, the combined field experiment and 

simulation approach was the most used hybrid 

approach, accounting for 56%. 

 
Figure 3. Distribution of hybrid experimental approach types 

 

Figure 2. PRISMA 2020 flow diagram for systematic review of research with experimental hybrid approach 
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This finding indicates a strong preference within the 

researcher for increasing contextual validity and 

enhance model calibration by integrating empirical 

data obtained from real-world conditions with 

simulation tools. The dominance of FE-S approach 

emphasizes on bridging the gap between 

experimental observations and predictive modeling in 

complex environmental and engineering studies. 

Approach Type Selection Based on the Research 

Stage Objective 

Based on the mapping of the distribution of the 

number of stages in 32 articles, it is known that the 

number of stages in the study consists of two to five 

stages. Table 1 shows the order of the stages as 

presented in each article.  

Table 1. Summary of method, hybrid approach type, number of 

stages and stage sequence on 32 articles 

No. of 
Approach 

Approach 
Type 

Stages Approach order 

2  FE-N 2  FE-N 

[34], [35] 

N-FE 

[36], [37] 

FE-S 2  FE-S 

[10], [30], [38], [39], [40], 
[41], [42], [43], [44], [45], 
[46], [47], [48], [49] 

S-FE 

[31], [50] 

3  FE-S-S 

[32] 

LE-N 2  N-LE 

[51] 

LE-S 2  LE-S 

[52], [53], [54], [55], [56], 
[57] 

S-LE 

[58] 

3  FE-LE-S 4  LE-S-FE-S 

[59] 

FE-N-S 3  N-FE-S 

[60] 

4  FE-LE-N-S 5  N-LE-S-S-FE 

[33] 

From the mapping, it is known that the same type of 

hybrid can be done with different sequences of 

stages. Ibrahim et al. conducted field experiments, 

then conducted numerical simulations [30]. 

Meanwhile, Sotelo-salas et al. conducted a simulation 

before conducting field experiments [31]. Both use a 

combination of field experiments and simulations but 

in a different order. In addition, one type of approach 

can also be used more than once in a study, using 

different tools or scales. Morini et al. conducted two 

simulations in his research, where in the second stage 

a simulation was carried out on a scaled urban canyon 

model, while in the third stage a larger-scale 

simulation was conducted on a full-size building [32]. 

Liu integrated two types of simulations, namely 

energy simulation and computational fluid dynamics 

simulation to get a complete picture of the effects of 

thermal mass on the transparent building envelope of 

water storage and determine its energy performance 

[33]. This variation reflects the methodological 

flexibility inherent in hybrid experimental research, 

enabling adaptation to specific research questions, 

available resources, and scale of analysis. The diverse 

sequence also highlights the iterative nature of 

knowledge generation, where simulations can either 

guide or validate empirical observations. 

Figure 4 shows the distribution of research objectives 

by hybrid approach types in the first research stage. 

This chart highlights that research with FE or LE as 

first approach are predominantly associated with 

façade performance comparison and validation. Data 

collection and variable influence identification also 

appear in moderately in this group. Meanwhile, 

research that started with N or S approaches is 

strongly associated with model development. Variable 

influence identification, validation and performance 

comparison also appear in this group but not 

prominent. 

 

Figure 4. Distribution analysis of research objectives by hybrid 

approach type, grouped by the first-stage approach to highlight 

dominant research objectives. 

Figure 5 shows the distribution of research objectives 

by hybrid approach types in the second research 

stage. In the second research stage, N/S approaches 

show a diverse range of research objectives. While it 

is dominated with façade performance comparison, 

N/S approaches are also used when researchers want 

to conduct sensitivity analysis, scale-up simulations 
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and validation, although it does not appear as much as 

the prior objective. Research with FE or LE as second 

approaches are dominantly used as validation of prior 

research stage.  

 

Figure 5. Distribution analysis of research objectives by hybrid 

approach type, grouped by the second-stage approach to highlight 

dominant research objectives. 

Approach Type Selection Based on the Researcher’s 

Justification 

Every researcher must have their own justification 

when choosing certain approach for each research 

stage.  Figure 6 shows the distribution of researchers’ 

justification in selecting approach type in first 

research stage. In research that started with FE/LE 

approach, testing under real-world conditions has 

become the most dominant reason. Control of 

variables are dominantly shown in LE approach. Other 

justifications, such as cost efficiency and data 

measurement purposes, do not occur as much as the 

others. 

 

Figure 6. Distribution analysis of researchers’ justification by hybrid 

approach type, grouped by the first-stage approach to highlight 

dominant researchers’ justification 

Distribution analysis of researchers’ justification on 

the second stage is shown in Figure 7. When the 

second stage was conducted with N/S approach, it is 

strongly associated with the tool’s capability and 

reliability, where parametric study capability, 

scalability to real-world scale, simplified 

representation of phenomena, transient simulation 

capability, and tool validation and reliability are 

dominating as researchers’ justification. 

Unexpectedly, cost efficiency justification only 

appears once, in FE-S approach type. On the other 

hand, model validation is the most dominant reason 

for using FE/LE approach in the second stage. 

 

Figure 7. Distribution analysis of researchers’ justification by hybrid 

approach type, grouped by the second-stage approach to highlight 

dominant researcher’s justification 

The Relationship between the Research Field and the 

Research Stage 

To understand the justification for the choice of 

approach type, correspondence analysis was 

conducted to see the correspondence of the research 

field to the stage of research conducted (Fig. 8).  

 

Figure 8. Analysis of correspondence of the type of research stage 

and the background of the research field 

Researchers who used experiments, both field and 

laboratory, in Stage 1 and simulations in Stage 2 

mostly came from the fields of Architecture and 

Building Science and Mechanical Engineering. 

Researchers who perform numerical modeling before 
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conducting experiments come from engineering, 

either Industrial Engineering, Materials Engineering or 

Energy Engineering. Among researchers from the 

fields of Civil Engineering, Architecture and Building 

Science, and Mechanical Engineering, researchers 

from Civil Engineering have a greater tendency to 

conduct simulations at the beginning of the study 

before conducting field experiments. 

This finding signifies that disciplinary paradigms 

influence methodological preferences in hybrid 

experimental research, where engineers tend to 

prioritize modeling and simulation for theoretical 

exploration, while architecture and building science 

researchers often emphasize empirical grounding 

through initial experimentation. This disciplinary 

orientation shapes not only the research workflow but 

also the epistemological approach to validating 

thermal performance studies. 

Discussion 

Although studies that combine experimental methods 

with numerical modeling and simulation are 

commonly found, research frameworks that adopt a 

hybrid experimental approach remain underexplored, 

particularly among researchers in the fields of 

Architecture and Building Science. The findings of this 

study indicate that the selected methods and the 

number of stages in a hybrid experimental approach 

are closely related to the research objectives and 

researcher’s justification. Table 2 summarizes the 

findings, key insights and their implications on 

research methodology. 

In studies aiming to simplify complex thermal 

phenomena, the research process typically begins 

with numerical modeling, followed by validation 

through laboratory or field experiments, as 

demonstrated by He et al. and Zhu et al. [36], [51]. In 

contrast, studies that seek to test new materials or 

composite façade systems often begin with laboratory 

experiments to investigate thermal behavior, before 

proceeding to building- or urban-scale simulations. 

Field experiments are frequently employed at the 

initial stage in research involving multiple façade 

types, where empirical data collected in real-world 

conditions are later used in simulations to identify 

variable influence or assess performance at a larger 

scale. This simulation stage is often necessary because 

full-scale real-world testing can be prohibitively 

expensive, as illustrated in the study by Ornam [49].   

There is also a significant pattern in researcher’s 

justification on approach type selection. They use 

field experiments in the first research stage because a 

real-world context is needed. It is evidenced by the 

high value of testing under real-world conditions. 

Laboratory experiments are chosen as the first stage 

when researchers need control of variables, where in 

a controlled environment, confounding variables can 

be ignored. Simulation, digital or numerical, are used 

as first research stage approach because the 

researchers need an efficient and reliable predictive 

modeling before continuing to the next stage, which 

is indicated by the predictive modeling capability and 

cost efficiency as the justification. Approach type 

selection in the second research stage shows different 

Table 2. Summary of findings, key insights and implications 

Finding Category Key Insights Implications 

Types of Hybrid 
Experimental Approaches 

- 7 hybrid types identified 
- FE-S (Field Experiment + Simulation) is most dominant (56%) 
- Some studies use all 4 methods (e.g., FE-LE-N-S) 

Preference for combining real-world 
validation with simulation for 
calibration and scale-up application. 

Methods Used Based on 
the Objectives of Each 
Stage 

- Stage 1: 63% use FE for empirical validation, 18% LE for 
component testing, 12% model development 
- Stage 2: 69% use simulations for performance analysis, 13% 
FE for validation 
- Same methods used for different purposes across stages 

Method selection is closely tied to 
research purpose; simulations often 
used for sensitivity analysis and 
scenario testing, while experiments 
provide grounding data. 

Approach Type Selection 
Based on the Researcher’s 
Justification 

- In Stage 1, FE/LE-first studies are primarily justified by 
'Testing under Real-World Conditions', especially in FE-S. 
- LE approaches are specifically associated with 'Control of 
Variables'. 
- Justifications like 'Cost Efficiency' and 'Data Measurement 
Purpose' are less frequent. 
- In Stage 2, N/S approaches are linked to tool capabilities such 
as 'Parametric Study', 'Scalability', 'Simplified Representation', 
and 'Tool Reliability'. 
- FE/LE approaches in Stage 2 are predominantly chosen for 
'Model Validation'. 

Researchers select approach types 
based on strategic justification, 
balancing the need for empirical 
grounding, variable control, and real-
world testing with the advantages of 
simulation efficiency, scalability, and 
predictive capability. 

The Relationship between 
the Research Field and the 
Research Stage 

- Architecture & Building Science: favor early experimentation 
(FE first) 
- Engineering (e.g., Industrial, Energy): favor simulation or 
modeling first 
- Civil Engineering often starts with simulation, then FE 

Disciplinary norms shape research 
flow: architects prioritize contextual 
insights, while engineers focus on 
theoretical model building. 
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patterns. In numerical modeling and digital simulation 

approach, the approach selection is primarily 

influenced by the need for reliable and scalable 

simulation. Meanwhile, the need for experimental 

validation appears to be reason in using field or 

laboratory-based experiments in the second research 

stage. 

Another significant finding reveals that the 

sequencing of hybrid methods also correlates with the 

researcher’s disciplinary background. Researchers 

with Science educational background tend to begin 

with numerical simulations and modeling as they try 

to figure new variables or variables relationships, 

whereas researchers from Architecture and 

Engineering are more likely optimize thermal 

performance by modifying design variables. This 

reflects differing epistemological orientations: science 

disciplines typically prioritize theoretical exploration 

through modeling and simulation, while architectural 

and engineering disciplines emphasize empirical 

grounding to understand thermal performance in a 

contextual manner.  

Therefore, researchers must clearly identify their 

research objectives, justification and contextual 

constraints to determine the most appropriate 

sequence of hybrid methods—both to ensure 

methodological efficiency and to maximize cost-

effectiveness and analytical rigor. Additionally, 

fostering interdisciplinary understanding of hybrid 

experimental approaches is crucial, as façade design 

and thermal performance assessment are not solely 

technical concerns, but also relate to architectural 

design strategies and the broader agenda of 

sustainable building performance. 

Unlike previous studies that primarily emphasize what 

experimental methods are used and how they are 

implemented [18], [28], [61], this paper advances the 

methodological discourse by explaining why and 

when specific hybrid experimental approaches are 

conducted. Through a systematic examination of 

researcher justifications and methodological 

sequences, these study findings demonstrate that the 

choice and order of hybrid methods are not accidental 

but are shaped by clearly articulated research aims, 

disciplinary epistemologies, and contextual 

constraints. By uncovering these underlying 

rationales, this study contributes a nuanced 

understanding of hybrid experimentation in façade 

and building performance research, thereby providing 

a valuable reference for future researchers seeking to 

align their methodological strategies with both 

scientific rigor and practical relevance. 

Conclusion 

This study underscores the critical importance of 

aligning research design with methodologically sound 

and strategically articulated justifications within 

hybrid experimental research frameworks. Rather 

than being arbitrary, researchers’ methodological 

choices across research stages are shaped by 

deliberate reasoning that reflects their research 

objectives, disciplinary orientations, and 

methodological familiarity. 

The findings reveal two distinct yet complementary 

justification logics. Researchers initiating with field or 

laboratory experiments (FE/LE) tend to emphasize 

practical and contextual justification, prioritizing 

empirical observation and control of real-world 

variables. Conversely, those who begin with numerical 

or simulation-based (N/S) methods are often 

motivated by efficient and reliable predictive 

modelling, utilizing computational tools for parametric 

studies, scalability and predictive insight. In the 

second stage, researchers who employ N/S 

approaches continue to increase external validation 

and to refine of results through a scalable and reliable 

simulation, while those using FE/LE approaches focus 

on experimental validation to confirm and ground 

earlier predictive findings.  

These patterns demonstrate that justification extends 

beyond technical reasoning to encompass broader 

epistemological strategies. The sequencing and 

integration of methods are influenced by disciplinary 

training and research paradigms, shaping how 

researchers conceptualize knowledge production and 

validation. The hybrid approach, therefore, should not 

be viewed as a mere combination of methods, but 

rather as a coherent framework where each 

methodological decision is purposefully justified and 

contextually situated. 

By shedding light on how methodological justification 

operates across research stages, this study offers a 

nuanced perspective on the logic of hybrid 

experimentation. It advocates for greater 

transparency and reflexivity in research design, 

encouraging scholars to explicitly articulate the 

rationale behind their methodological trajectories. 

This perspective contributes to ongoing discourse in 

research methodology by positioning justification as a 

central axis in the integration of diverse methods, 

ultimately advancing more coherent, rigorous, and 

adaptive approaches to hybrid experimental research. 

In doing so, this study fills a critical gap in the literature 

by shifting the analytical focus from merely what 
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experimental methods are employed and how they 

are executed, as commonly explored in previous 

studies, to why and when specific methods are 

combined in experimental hybrid research. This 

distinction enables a deeper understanding of 

methodological intent, positioning this study as a 

foundational reference for future research aiming to 

refine the strategic use of hybrid experiments in 

Architecture and Building Science studies. 
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