
Visibility 
• I can see easily in this space. 
• I can read materials easily in this space.

Illumination 
• This space is well lit. 
• There is ample/adequate light in this space for me to see. 
• The light in this space is too bright. 
• The light in this space is too dim.

Uniformity of light 
• The daylight is evenly distributed in this space. 
• The amount of daylight near the window is similar to the amount
   of daylight in the rear of the space.

Glare 
• The daylight in this space is too bright on some surfaces. 
• The daylight in this space is too bright for me to see comfortably. 
• The daylight from the window is much brighter than the light in this space.

Circadian 
• Being in this space made me feel happier. 
• Being in this space made me feel relaxed. 
• Being in this space made me feel sleepy. 
• Being in this space made me feel alert.

Thermal 
• I feel warm in this space. 
• I feel cool in this space. 
• I feel comfortable in this space.

Biophilia
• Being in this space helps me feel relaxed. 
• Being in this space helps me mentally feel restored.
• Being in this space helps me feel motivated. 
• Being in this space makes me want to exercise. 
• Being in this space helps me feel at peace. 

Open-ended questions: 
• What tasks would you prefer NOT to do this in space? 
• Please share any other thoughts or comments about the space. 
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Vegetation

Inefficient on EW Not specified for EW Not specified for EWNot specified for EW Ineffective on W, but more 
effective than vertical More effective than vertical

Inefficient on EW, but could 
decrease summer heat gain Most successful on EW Most effective on EW Work on EW, but most 

effective when slanted N
Effective on EW if fairly deep 

and close together
Inefficient on EW

Inefficient on EW, but could 
decrease summer heat gain, 
especially in SW orientation

Effective in SE and SW 
orientations Efficient in hot climates Best-performing on EW

Effective on EW,
especially SE and SW 

orientations
Effective on EWMost effective on SE and SW

Not mentioned Not mentioned

Effective on EWNot mentioned Not mentioned

Horizontal Louvres Vertical Louvres Eggcrate System Vegetation

SCT [Solar Control Technique] = Architectural design elements used to manage 
unwanted daylight while maximizing “useful” daylight

Exclusion Criteria: Kinetic/moveable or temporary
Inclusion Criteria: Static/non-moveable* and permanent

Qualitative
Data Collection

Qualitative
Data Analysis

+ Data Integration

[Interview]

Part 2: Qualitative to further explain quantitative results

After the Interviews, all data is integrated to explore the 
relationship across results from all three methods. The intent 
is for the qualitative results to explain the quantitative results 
so that when brought together, more detailed and nuanced 
answers to the research questions are uncovered.

[RQ3]

Data Integration

Part 1: Quantitative to establish baseline data

After the Experiment and Survey are completed, quantitative 
data is integrated to explore results across both methods - to 
identify overall results, to identify if any unexpected results 
emerged, and to identify potential areas of focus for Part 2, 
Qualitative exploration through interviews.

Quantitative
Data Collection

Quantitative
Data Analysis

+

[Experiment + Survey]
[RQ1] [RQ2]

Lack of Agreement on Effectiveness of SCTs on East and West Facades from Seminal 
Architectural Works on Solar Control
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Lack of Effectiveness of Horizontal, Vertical, and Eggcrate SCTs on East and
West Facades

The effects of sunlight on buildings include illumination (visual light) and solar radiation 
(thermal), which together effect the energy use of buildings. Sunlight effects occupant 
visual and thermal comfort, circadian rhythm, and biophilic connection through views.

The aim of this research is to examine the effectiveness of solar control techniques 
on the east- and west-facing facades of offices in the southeastern United States. In 
framing ecoservices and biophilia as affordances, the effectiveness of SCTs will be 
assessed from the lenses of building-focused and occupant-focused affordances. 
Research question 1 (RQ1) is related to building-focused affordances, and Research 
questions 2 and 3 (RQ2, RQ3) are related to occupant-focused affordances.

What solar control techniques (SCTs) are most effective on the east and west 
facing facades of offices in the Southeast United States?RQ1
What solar control techniques (SCTs) do users prefer on the east and west facing 
facades of offices in the Southeast United States?RQ2

RQ3 Why do office users in the Southeast United States prefer certain solar control 
techniques (SCTs) more than others?

  2. Theoretical + Conceptual Framework

  3. Research Objective + Questions

  1. Background + Literature Review   5. Methodology: Explanatory Sequential Mixed Method Design
“While the most valuable asset of daylight is its 
free availability, the most difficult aspect is its 
controllability, as daylight changes during the 
course of the day. Daylighting is more of an art 
than a science...” (ASHRAE, 2011. p. 37). 
ABSTRACT 
There is currently limited knowledge on the effectiveness of solar control techniques on east- 
and west-facing facades, and there is limited agreement on when and how they should be 
used. Authoritative sources recommend using the less effective techniques on these sides or 
to decrease the amount of glazing, but evidence suggests that people prefer having windows 
for access to daylight and nature, so decreasing glazing amount is also not an ideal solution. 
Designers need a better understanding of the performance of solar control techniques on the 
east and west of buildings. The purpose of this research study is to assess the effectiveness 
of shading techniques on those facades of buildings, taking into account both benefits to the 
building functionality and benefits to the occupants. Using Ecological Psychology’s Theory of 
Affordances, building-focused and occupant-focused affordances are explored through a mixed 
methods explanatory sequential methodology consisting of an experiment, survey, and in-depth 
interviews. Shading techniques assessed in this study include horizontal louvres, vertical louvres, 
eggcreate system, and vegetative configurations. The experimental and survey data will be 
collected in the Rotating Daylighting Laboratory at North Carolina State University in Raleigh, NC. 
This lab allows for the examination of every solar altitude and azimuth angle for an entire year, in 
one day, drastically extending the applicability of the data. This study can provide a baseline for 
future research in this topic area, contribute methodologically to the exploration of this topic, and 
offer a more holistic understanding of the benefits and drawbacks of solar control techniques on 
the east- and west-facing facades of buildings by including both instrument measurements and 
direct perceptions, preferences, and opinions of occupants.

Architectural Solar Control Assessment:
The Impact of Four Strategies on Building and Occupant Factors on the
East and West Facades of Offices

90ft

90ft

22.5ft

A. There are strategies that have historically been used for solar 
control on buildings.

B. Typical static, permanent architectural SCTs are virtually 
ineffective on the east and west facades of buildings.

C. There is a lack of agreement on the effectiveness of SCTs on 
the east and west facades in seminal works on solar control.

  4. Research Strategy

Theoretical Perspective
Ecological

Psychology

Affordances

Experimental Correlational Phenomenological

Measurement Survey Interview

Mixed Methods

a systematic integration of quantitative and qualitative methods along with more 
than one kind of technique for collecting, analyzing, and representing human 
phenomena, into a single study (Johnson et al., 2007)

Theory

Methodologies

Techniques

Exploratory Experiment [RQ1]

Horizontal Louvres Vertical Louvres Eggcrate System Vegetation [Vine]

Variables [Data]					     Instruments
Visible Light  [Illumination, Uniformity, Glare]		  Illuminance meter
Circadian Light					     Illuminance meter, spectrometer
Thermal Impact [Solar Radiation]			   Precision Spectral Pyranometer

Protocol
• Location at Rotating Daylighting Lab in Raleigh, NC
• Data collected every 30 min over 3-5 days within 1 week of summer solstice, June 21

Analysis
• Statistical comparison of SCT impacts against control [standard glazing]

Likert-Scale Survey [RQ2]
Participants
• 40-50 graduate students from around RTP area in NC
• Recruited through fliers and emails

Instrument: 5 point Likert Scale Survey
• To assess participant perception and preference of SCT
• Visual comfort, Circadian rhythm, Thermal comfort
• Survey administered within 1 week of summer solstice, June 21
• Space set-up to resemble office area

Analysis
Statistical analyses of survey results to determine if there are any differences between perception of 
and preference for solar control technique (SCT) and the interactions of solar radiation, visible light, and 
circadian light.

Benson & Clark, 1982; Clark & Watson, 1995

Instrument

Please select the response for each statement that 
best describes your experience in Station #.

1) Strongly Disagree
2) Disagree
3) Slightly Disagree
4) Slightly Agree
5) Agree
6) Strongly Agree

Visibility 
• I can see easily in this space. 
• I can read materials easily in this space.

Illumination 
• This space is well lit. 
• There is ample/adequate light in this space for me to see. 
• The light in this space is too bright. 
• The light in this space is too dim.

Uniformity of light 
• The daylight is evenly distributed in this space. 
• The amount of daylight near the window is similar to the amount
   of daylight in the rear of the space.

Glare 
• The daylight in this space is too bright on some surfaces. 
• The daylight in this space is too bright for me to see comfortably. 
• The daylight from the window is much brighter than the light in this space.

Circadian 
• Being in this space made me feel happier. 
• Being in this space made me feel relaxed. 
• Being in this space made me feel sleepy. 
• Being in this space made me feel alert.

Thermal 
• I feel warm in this space. 
• I feel cool in this space. 
• I feel comfortable in this space.

Biophilia
• Being in this space helps me feel relaxed. 
• Being in this space helps me mentally feel restored.
• Being in this space helps me feel motivated. 
• Being in this space makes me want to exercise. 
• Being in this space helps me feel at peace. 

Open-ended questions: 
• What tasks would you prefer NOT to do this in space? 
• Please share any other thoughts or comments about the space. 
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Phenomenological Interviews [RQ3]
Purpose of Interviews:

To explore the perception and experiences of interior space quality created by SCTs

Participants
• Selection based on RQ2 results
• 8-12 purposefully selected participants from RQ2 (Survey)

Instrument: Semi-structured Interview
• Features broad, open-ended questions
• Focus may be on explaining quantitative significant/nonsignificant results, 
  exemplars, outliers, or surprising/confusing results
   Creswell  & Plano-Clark, 2018; DeCuir-Gunby & Schutz, 2017

Phenomenological Procedure of Analysis (Moustakas, 1994)

“The type of problem best suited for this 
form of research [phenomenology] is one in 
which it is important to understand several 
individuals’ common or shared experiences 
of a phenomenon.”
(Creswell & Poth, 2018, p. 79)

Phenomenology
• Founded by Edmund Husserl
• Philosophic system concerned with the discovery of meanings and essences in knowledge
• Perception is regarded as the primary source of knowledge and is considered an intentional act
• There is always a relationship between the external perception of objects and internal perception, sensations, 
memories, and judgements of the experience.
• Uses an inductive approach through description to derive the meanings and essences of phenomena

Analysis
Phenomenological procedure Moustakas, 1994

	 Meaning units > Invariant constituents > Themes > 	Textural descriptions + Structural descriptions > 	

	 Essences of experience(s)

Through intentionality “we search into experience, we focus our seeing, our listening, 
our touching, our thinking on what that experience is in its essences. We examine 
how it is that that experience is what it is, under what conditions it appears, from what 
frames of reference, and what its possible meanings are...” (Moustakas, 1994, Chapter 
3, p. 14).

Essence:  
“that which is common or universal, the condition or quality without which a thing would not be what it is”

(Husserl, 1931, as cited by Moustakas, Chapter 5, p. 13)

  6. Next Steps
DATA COLLECTION + ANALYSIS  |  It is anticipated that data will be collected in spring and summer 2026 and analyzed in fall 2026 through spring of 2027.

SIGNIFICANCE  |  Findings will shed light on the effectiveness of vegetation as shading compared to three SCTs typically used in architectural design. This study 
has the potential to inform best practices or guidelines for built environment designers when selecting and designing SCTs on the east- and west-facing facades 
of buildings. The inclusion of participants’ views, opinions, and experiences through the phenomenological interviews will allow for occupant perceptions of and 
preferences for SCTs to be shared and included in the assessment of the SCT performance. Furthermore, the inclusion of this information will provide designers 
with a better understanding of how occupants benefit and perceive SCTs on the east- and west-facing facades of buildings. Lastly, this study can provide a 
baseline for future research on the effectiveness of SCTs in these orientations with a more holistic protocol; thus, this study can contribute methodologically to 
approaches used to explore this topic.

DISSEMINATION  |  Portions of the literature review, methodological organization, and findings may be disseminated at conferences (such as ARCC, EDRA, and 
ASHRAE Annual Conferences), in journals (such as Building and Environment, International Journal of Architectural Research, and Journal of Mixed Methods 
Research), and with industry practitioners (such as AIA and ASHRAE) through presentations and condensed guidelines.
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NEXT STEPS  |  Next steps after concluding this research depends on findings, but includes investigating the efficacy of various vegetation types and species 
for shading, exploring the use of vegetation as shading within building envelopes, and integrating vegetation within other building systems.

The diagram below illustrates that on the 
summer solstice (June 21) when the sun is in 
the sky for the longest numbers of hours in a 
day, horizontal louvres are effective for only 2 
out of the 12+ hours on east and west facing 
facades, and vertical louvres are not fully 
effective for any period of time on east and 
west facing facades. No standard shading 
technique is effective on the east and west 
facades for a reasonable number of hours.


