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1. INTRODUCTION 

1.1 Background and Motivation 

University campuses look radically different today than 

they did twenty-five years ago. Walk through any major 

institution now and you'll spot the same signature 

feature: a soaring vertical courtyard, glass overhead, 

sunlight streaming down through multiple floors. These 

spaces—architects call them "atria"—have become the 

default solution for sustainable academic design. 

And they should work beautifully. The concept is 

elegant. Open voids pull daylight deep into building 

cores where windows can't reach. Warm air rises 

naturally, creating gentle ventilation without mechanical 

blowers. Energy bills drop. Green building certifications 

follow. 

But here's what keeps me up at night as a researcher. 

We're incredibly good at proving these buildings 

function mechanically. We model airflow in software. 

We calculate illumination down to the lux. We tabulate 

kilowatt-hours saved with precision. Yet we barely ask 

the people inside: How does it actually feel to work 

here? 

That silence in the research bothers me. I've seen the 

spreadsheets—impressive energy metrics, daylight 

factors that exceed every standard. Then I talk to 

students in these buildings. They're too hot near the 

glass. They're blinded by glare on their laptops. They 

can't open a window when the automated system decides 

the air is "optimal." The building passes its technical 

exam while failing its human one. 

This investigation started with that disconnect. I wanted 

to understand what happens between the engineering 

simulation and the lived reality—specifically in 

academic buildings where vertical courtyards promise 

environmental salvation but sometimes deliver daily 

frustration. 

 

1.2 Contextual Framework 

The empirical foundation comprises five university 

buildings distributed strategically across four continents, 

each representing distinctly different climatic conditions 

that rigorously test courtyard performance. Kroon Hall 

at Yale University, situated in New Haven, Connecticut, 

experiences humid continental conditions characterized 

by severe winter cold and humid summers. The building 

employs geothermal wells and displacement ventilation 

systems, presenting an opportunity to examine whether 

technologically sophisticated environmental control 

translates into occupant comfort. 

The Global Change Institute at the University of 

Queensland, located in Brisbane, Australia, operates 

within a humid subtropical climate where persistent heat 

and moisture dominate. This facility functions without 

conventional mechanical cooling for eighty-eight 

percent of the year, relying instead on natural stack 

ventilation through a thermal chimney configuration. 

This case enables investigation of whether occupants can 

genuinely tolerate climatically responsive systems or 

whether such approaches impose unacceptable 

discomfort. 

The Diamond at the University of Sheffield, United 

Kingdom, confronts temperate oceanic conditions 

marked by moderate temperatures, significant 

variability, and limited solar exposure. The building 

implements a complex Building Management System 

utilizing algorithmic optimization of thermal and 

luminous environments. This case illuminates the 

tension between automated environmental control and 

occupant agency. 

The School of Design and Environment 4 (SDE4) at the 

National University of Singapore faces tropical 

rainforest conditions with consistently high temperatures 

and humidity. The building deploys innovative hybrid 

cooling combining elevated supply air temperature with 
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occupant-controllable ceiling fans. This configuration 

permits examination of whether user-responsive 

mechanical systems can reconcile energy efficiency with 

thermal satisfaction. 

The Centre for Interactive Research on Sustainability 

(CIRS) at the University of British Columbia, 

Vancouver, Canada, experiences temperate oceanic 

climate with Mediterranean influences—mild, wet 

winters and warm, dry summers. The building pursues 

regenerative design aspirations extending beyond 

conventional sustainability to actively improve occupant 

health and wellbeing. 

This climatic diversity is methodologically essential. 

Courtyard strategies effective in Singapore's equatorial 

heat may prove inadequate in Yale's continental 

extremes. By systematically comparing performance 

across these divergent contexts, the research 

distinguishes universal design principles from climate-

specific adaptations, thereby generating transferable 

knowledge for global application between inhabitants 

and their surroundings. 

1.3 Why This Investigation Matters 

Let me be specific about what each building fights 

against. 

New Haven swings violently—below freezing to 

sweltering humidity. Kroon Hall responds with 

underground thermal exchange and carefully engineered 

air displacement. But summer moisture persists 

stubbornly. 

Brisbane never really cools down. The Global Change 

Institute bets everything on natural stack ventilation—

hot air rising through a five-story chimney—trusting 

physics instead of compressors. 

Sheffield sits in that maddeningly moderate zone where 

outdoor conditions constantly shift. The Diamond's 

answer? Let algorithms decide, adjusting temperature 

and light automatically. 

Singapore laughs at passive strategies theoretically. Yet 

SDE4 tries anyway, combining elevated air temperatures 

with personal fans occupants control themselves. 

Vancouver offers the gentlest test—mild enough that 

CIRS experiments with "regenerative" design, asking 

whether buildings can improve human health rather than 

merely minimize damage. 

1.4 Problem Formulation 

A systematic disconnection separates "measured 

outcomes" (instrument readings, simulation outputs) 

from "felt experience" (occupant comfort) in courtyard-

equipped buildings. Designs validated through lux 

measurements, air exchange calculations, and power 

consumption metrics frequently overlook thermal 

dissatisfaction, diminished agency, or visual discomfort 

reported by users. 

Specific manifestations include: 

• Thermal layering exceeding 4°C represents an 

unavoidable physical reality in tall atria, yet generates 

occupant discontent when adaptive possibilities are 

absent 

• Daylight factors surpassing 2% satisfy 

professional standards, yet spaces may be rejected due to 

visual glare, obstructed sightlines, or thermal 

consequences of generous glazing 

• Mechanized ventilation achieves prescribed air 

change rates, yet triggers grievances and manual 

interventions when occupants cannot influence their 

immediate surroundings 

• High-performance buildings may hit technical 

targets while cultivating discomfort that compromises 

cognitive performance and overall wellness 

This investigation interrogates these disjunctions 

through comparative analysis of educational facilities 

where both physical monitoring and occupant feedback 

have been documented. 

1.5 Research Purpose and Specific Aims 

The overarching purpose is to investigate how vertical 

courtyard configurations influence occupants' 

environmental quality assessments in academic contexts, 

and to establish physical and organizational parameters 

separating satisfactory from problematic experiences. 

Specific objectives include: 

1. Analysing how vertical thermal gradients and air 

movement patterns affect comfort perceptions across 

diverse climatic contexts 

2. Examining correlations between available 

daylight and visual comfort in vertically-organized 

academic spaces 

3. Evaluating how environmental control 

opportunities shape satisfaction in courtyard-equipped 

buildings 

4. Identifying recurring design-induced sources of 

occupant discomfort across thermal, visual, and 

experiential dimensions 

1.6 Boundaries and Constraints 

The investigation encompasses five verified 

international case studies, deliberately selected to 

maximize informational depth. Geographic coverage 

spans four continents and five distinct climate 

classifications. Temporal scope includes structures 

completed between 2009-2019, with post-occupancy 

assessments conducted 2013-2025. Typological range 

covers five courtyard system variants: displacement 

ventilation, thermal chimney, algorithmic building 
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management, hybrid cooling, and regenerative mixed-

mode. 

Constraints comprise: dependence on existing 

documentation without original field investigation; 

temporal dispersion potentially capturing evolving 

technologies and expectations; building-level perception 

data rather than courtyard-specific occupancy patterns; 

cultural particularity of comfort expectations; and 

architectural complexity where multiple innovations 

beyond courtyards may influence outcomes. 

 
2. LITERATURE FOUNDATION 

2.1 Environmental Psychology and the 

Measurement-Experience Divide 

Environmental psychology investigates how constructed 

surroundings influence human conduct, cognition, and 

affect. A foundational concept involves environmental 

strain: when physical conditions surpass adaptive 

capabilities, stress reactions impair functioning and 

health. In buildings featuring vertical courtyards, strain 

sources encompass thermal stress from temperatures 

beyond comfortable ranges, visual stress from excessive 

brightness or contrast, and agency stress from inability 

to modify automated environmental systems. 

The measurement-experience divide emerges when 

technical indicators suggest acceptable conditions while 

users report distress. This divide proves systematic in 

courtyard buildings due to spatial heterogeneity, 

temporal variation, and behavioural restrictions imposed 

by automated optimization. 

2.2 Adaptive Comfort Framework 

Nicol and Humphreys' (2002) adaptive framework 

proposes that thermal comfort is situationally 

contingent: occupants in naturally-ventilated spaces 

tolerate broader temperature ranges when they perceive 

environmental control and visual connection to exterior 

conditions. Key implications for courtyard design 

include: acceptable temperature ranges expand with 

perceived agency and outdoor visual access; contextual 

variables (clothing, activity, air movement) modify 

thermal sensation; and behavioural adjustment 

represents the primary comfort mechanism. 

The adaptive opportunity proposition suggests that 

environments facilitating behavioural modification 

achieve superior satisfaction compared to optimized yet 

restrictive settings—directly pertinent to user agency in 

courtyard-equipped buildings. 

2.3 Biophilic Design and Environmental Preference 

Kellert and Calabrese's (2015) biophilic framework 

identifies nature connection as essential to human 

flourishing. For vertical courtyards, this manifests 

through: visual nature connection via sky exposure and 

changing illumination; non-repetitive sensory 

stimulation from air currents and shifting light; prospect-

refuge dynamics offering overview with protected 

positioning; and organized complexity through 

comprehensible yet engaging spatial layering across 

levels. 

Prospect-refuge theory posits innate human preference 

for settings balancing visual accessibility with physical 

security, potentially explaining why spaces adjacent to 

atria often outperform conventional corridors or 

perimeter zones in satisfaction metrics. 

2.4 Standards and Models Review 

The adaptive comfort model explains how acceptable 

temperature ranges shift with user agency and outdoor 

connection, accounting for high satisfaction at GCI and 

SDE4 despite wider thermal variation than conventional 

buildings permit. 

The CIBSE Daylighting Code mandates 2% Daylight 

Factor minimum, achieved by Kroon Hall and SDE4, yet 

both may fail regarding thermal comfort or glare 

management. Technical daylight compliance does not 

ensure visual comfort acceptance. 

ASHRAE 62.1 ventilation standards are satisfied by The 

Diamond and CIRS, yet both generate draft complaints 

or control concerns. Meeting air exchange targets does 

not guarantee satisfaction with air movement or 

environmental agency. 

The Fanger comfort model (PMV/PPD indices) 

underlies The Diamond's SET* comfort approach, yet 

occupants desire greater individual control. Predicted 

mean vote compliance creates friction between system 

optimization and occupant autonomy. 

Critical insight: Technical standard compliance does not 

assure user satisfaction in vertical courtyard systems. 

The Diamond achieves SET* compliance yet generates 

friction between automated control and user 

expectations. 

2.5 Empirical Evidence on Airflow and Agency 

Recent field investigations confirm thermal layering as 

the primary performance challenge. Shi et al. (2024) 

documented 4.7°C winter temperature differential in a 

Tianjin library, correlating with 27% occupant 

dissatisfaction. Ge et al. (2018) found thermal gradients 

in Chinese offices propagated to adjacent levels, creating 

upper-floor discomfort. 

Leaman and Bordass (2001) identified individual 

environmental control as the strongest satisfaction 

predictor in British offices. Brager et al. (2004) 

demonstrated that operable windows increase 

https://ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 03 | March - 2026                           SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM58183                                          |        Page 4 
 

satisfaction despite wider temperature ranges in 

American commercial buildings. 

2.6 Knowledge Gaps 

The fundamental gap involves insufficient systematic 

correlation between measurable environmental 

parameters and quantified user perception. Most studies 

report either technical metrics or satisfaction outcomes, 

rarely both, preventing identification of physical 

thresholds distinguishing acceptable from unacceptable 

experiences. 

Cross-climatic synthesis remains limited—existing 

studies predominantly examine single buildings in single 

climates, resisting generalization. Limited research 

explicitly compares user-controlled versus automated 

courtyard systems despite profound implications for 

satisfaction and energy performance. 

 
3. METHODOLOGICAL APPROACH 

3.1 Philosophical Orientation 

This investigation adopts critical realism, 

acknowledging that physical environmental conditions 

exist independently of perception while user experience 

is socially constructed through cultural expectation and 

contextual interpretation. 

The study employs integrative meta-synthesis—

systematically aggregating, interpreting, and theorizing 

across qualitative and quantitative findings from 

multiple primary investigations. This transcends 

conventional literature review through rigorous 

analytical transformation of source materials. 

3.2 Research Design: Multi-Case Comparative 

Analysis 

Each building case functions as an analytical unit within 

a comparative structure. Pattern identification seeks 

recurring similarities. Difference analysis examines 

context-specific divergences. Replication logic 

structures comparison through: literal replication 

(similar conditions producing similar outcomes) and 

theoretical replication (different conditions producing 

predictably different outcomes). 

3.3 Case Selection Criteria 

Cases required: verified institutional identities ensuring 

credibility; paired technical and perceptual data; 

environmental functionality (active air/light/thermal 

distribution); transparent post-occupancy methodology; 

and peer-reviewed or academic sourcing. 

3.4 Case Descriptions 

Case 1: Yale University Kroon Hall (2009) — Humid 

continental climate; displacement ventilation with 

geothermal exchange; LEED Platinum with 58% energy 

reduction; staff thermal satisfaction 2.4/5. 

Case 2: University of Queensland Global Change 

Institute (2013) — Humid subtropical; thermal chimney 

for buoyancy-driven ventilation; net-zero energy; 88% 

natural ventilation availability requiring "cultural 

adaptation." 

Case 3: University of Sheffield the Diamond (2015) — 

Temperate oceanic; complex Building Management 

System with SET* comfort model; 32% demand more 

temperature control, 51% demand more lighting control. 

Case 4: NUS School of Design and Environment SDE4 

(2019) — Tropical rainforest; hybrid cooling with 

occupant-controllable fans; 58 kWh/m²/year with 92% 

thermal satisfaction; WELL Gold certified. 

Case 5: UBC Centre for Interactive Research on 

Sustainability (2011) — Temperate 

oceanic/Mediterranean; regenerative design with 3,000 

monitoring points; 15% plug load reduction through 

engagement; documented stress reduction from wood 

exposure. 

3.5 Variables and Parameters 

Independent variables: courtyard system type, control 

strategy, climate integration, energy approach. 

Dependent variables: thermal comfort satisfaction, 

visual comfort, air quality perception, control 

perception, overall satisfaction. 

3.6 Data Collection and Analysis 

Sources included peer-reviewed literature, institutional 

repositories, technical documentation, and building 

archives. Analysis proceeded through within-case 

examination of technical patterns, perceptual patterns, 

data alignments/divergences, and explanatory factors. 

Cross-case synthesis employed pattern matching, 

explanation building, comparative analysis, and 

threshold identification. 
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4. RESULTS AND DISCUSSION 

4.1 Case Study Analysis 

4.1.1 Yale University Kroon Hall 

 
 

Technical performance: 58% energy reduction, 81% 

water savings, 100% outside air via displacement 

ventilation, extensive daylighting. User perception (2015 

survey): aesthetics 4.7/5, lighting 4.4/5, thermal comfort 

3.4/5, staff thermal comfort 2.4/5. 

Key occupant statement: "I do not deal well with 

humidity personally, and I find Kroon on a hot day in 

the summer to be unbearable." Extended occupancy 

correlates with comfort dissatisfaction. 

Despite exceptional technical performance, Kroon Hall 

experiences thermal comfort complaints, particularly 

regarding summer humidity. This illustrates how energy 

optimization may compromise experiential quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.2 University of Queensland Global Change Institute 

 
 

 

 

Technical: 88% natural ventilation availability, 

exceeding Australian Standard fresh air requirements by 

150%; adaptive comfort approach. User perception: 

"really nice building...no negativity"; thermal comfort as 

"ongoing process of adjustment"; "cultural change" 

required; users "emphatic on not having air-

conditioning." 

Alignment achieved through explicit cultural adaptation 

and user participation. Occupant engagement creates 

ownership of environmental strategy 
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4.1.3 University of Sheffield the Diamond 

 
 

Technical: Complex Building Management System with 

SET* comfort model; automated optimization; 

mechanical ventilation with heat recovery. User 

perception: 32% want more temperature control; 51% 

want more lighting control; described as "designed to 

take control away from occupants." 

Exemplifies the automation paradox: technical 

optimization reduces satisfaction through agency 

removal. Energy targets achieved, but occupant 

frustration generated through control absence. 

4.1.4 NUS School of Design and Environment SDE4 

 
 

Technical: 58 kWh/m²/year (vs. 200-250 typical); 500 

MWh/year solar generation; 92% thermal satisfaction; 

100% daylight access within 7.5m; hybrid cooling with 

occupant-controllable fans. User perception: system "not 

only more efficient...but also provides better comfort 

levels." 

Exceptional alignment through system and control 

innovation. Demonstrates energy efficiency and comfort 

compatibility with user agency. 

4.1.5 UBC Centre for Interactive Research on 

Sustainability 

 
 

Technical: 3,000 monitoring points; natural/mixed-mode 

ventilation; 100% daylight access; exposed wood; 

"energy ambassadors." User perception: correct waste 

disposal 3× more likely; reduced stress response to 

wood; higher environmental consciousness; goal to 

"convert occupants...into inhabitants with a sense of 

place." 

Comprehensive technical-engagement integration 

achieving both environmental and wellbeing outcomes. 

4.2 Cross-Case Synthesis 

Thermal Comfort: User control strongest predictor 

across all climates. Elevated temperatures acceptable 

with increased air movement and agency. Cultural 

adaptation enables satisfaction with demanding systems. 

Visual Comfort: Quantity insufficient alone; view 

quality and control equally important. 100% daylight 

access with nature view correlates with high satisfaction. 

Artificial lighting without control creates dissatisfaction. 

Energy versus Satisfaction: Not inherently opposed. 

Efficiency and comfort compatible through innovation 

(SDE4, CIRS) rather than constraint (Kroon Hall, The 

Diamond). 

Control Strategies: Clear satisfaction gradient—limited 

override produces dissatisfaction; user-responsive 
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natural ventilation succeeds; full automation frustrates; 

IoT-enabled control achieves high satisfaction; 

individual control plus engagement achieves 

regenerative success. 

 

4.3 Interpretation of Key Themes 

Theme 1: Control-Satisfaction Imperative — Across 

all contexts, perceived agency emerges as strongest 

satisfaction predictor, operating through behavioural 

thermoregulation, psychological empowerment, and 

expanded adaptive capacity. 

Theme 2: Automation Paradox — Automated systems 

achieving technical targets generate complaints without 

user override, through optimization-preference tension 

and agency deprivation. 

Theme 3: Cultural Adaptation — Buildings requiring 

participation achieve higher satisfaction with explicit 

expectation-setting and ownership creation. 

Theme 4: Biophilic Benefit — Direct nature connection 

enhances satisfaction through stress reduction and 

cognitive restoration beyond technical metrics. 

Theme 5: Innovation-Integration — Energy and 

comfort compatible when pursued through creative 

system design rather than restrictive constraint. 

4.4 Evidence-Based Thresholds 

• User control: >50% occupants with 

individual adjustment 

• Thermal strategy: Adaptive comfort 

with user-controllable air speed 

• Automation: Always include user 

override 

• Daylight: 100% within 7.5m with nature 

view 

• Engagement: Explicit cultural 

adaptation program 

• Biophilia: Wood, vegetation, water, 

natural views integrated 

4.5 Climate-Appropriate Systems 

• Humid continental: Mixed-mode with 

user override 

• Humid subtropical: Natural ventilation 

with thermal chimney 

• Temperate oceanic: Hybrid with smart 

user control 

• Tropical rainforest: Hybrid cooling with 

elevated air speed 

• All climates: Regenerative systems with 

inhabitant engagement possible 

 
 

 

5. CONCLUSIONS 

This investigation examined how vertical courtyard 

configurations influence environmental quality 

perception in academic settings through analysis of five 

international exemplars. The research addressed the 

persistent disconnect between calculated performance 

and felt comfort in these buildings. 

Principal findings establish perceived user agency as the 

strongest satisfaction mediator across all cases. Thermal 

layering and automation without override consistently 

generate discontent, while adaptive opportunities and 

explicit engagement enable success. Energy efficiency 

and occupant comfort prove compatible through 

innovation rather than restriction. 

Five conclusions emerge: (1) User agency transcends 

climate, system type, and function as primary 

satisfaction determinant; (2) The automation paradox 

creates systematic tension between optimization and 

satisfaction; (3) Cultural adaptation programs enable 

satisfaction with technically demanding systems; (4) 

Biophilic elements enhance wellbeing beyond technical 

metrics; (5) Energy and comfort are compatible through 

innovative integration. 

Contributions include: extending adaptive comfort 

theory to courtyard contexts; identifying the automation 

paradox requiring reconceptualization of "smart" 

buildings; and challenging energy-comfort trade-off 

assumptions through innovation-integration theory. 

For practice: prioritize user interfaces, cultural 

preparation, and biophilic integration. For facility 

management: maintain override capabilities, provide 

real-time feedback, support behavioural adaptation. For 

policy: incorporate satisfaction metrics in certifications, 

mandate post-occupancy evaluation, recognize adaptive 

comfort approaches. 

Ultimately, successful buildings are not merely those 

with impressive technical documentation, but those that 

genuinely support human flourishing through 

engagement, adaptation, and nature connection. 
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