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Abstract 

The research sought to examine the effects of Leadership in Energy and Environmental 

Design (LEED) designed (Green) schools in New Jersey on the learning environment for those 

that utilize the spaces. For decades, there has been research related to how the environment will 

affect student learning. School personnel and designers continue to understand that the quality of 

school buildings have an impact on student health and learning. Classrooms that are clean, 

healthy, and properly lit allow students to be more comfortable and are focused on their studies. 

Therefore, in order to investigate the effects of LEED schools in New Jersey, those working in 

LEED designed schools and non-LEED designed schools were questioned to determine whether 

there is a significant difference in the occupant’s perception of their environment and the effect 

on learning as it relates to the type of building they work in. The research factors that were 

examined are lighting types, visual comfort, health and well-being, and the delivery of 

instruction. The questionnaire data was collected through Google Survey and was completed 

anonymously, focusing on background information, lighting, and heath related satisfaction, and 

the participant’s perception of the building’s effect on learning. The sample size was 10 newly 

constructed schools in New Jersey over the last 10 years, with 147 occupants completing the 

survey. The outcomes of this research allows for the future planning of the space that students 

learn in, so that design teams that are involved in future school designs will have evidence in the 

development of learning environments.  
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Chapter 1: Introduction to the Study 

  Over the years, there has been considerable research tying environmental quality to 

student achievement (Gordon, 2010). A school is a commitment by the community to its future. 

In its best case, a school serves as a beacon to the community demonstrating civic pride. 

Accordingly, designing a building that is environmentally effective creates an opportunity to 

bring attention to the importance of student learning and engagement, as well as a climate that 

fosters it. 

School administrators have a responsibility to the community and the Board of Education 

to provide a physical environment that is conducive to learning. While school buildings have not 

changed much over the years, the way a student learns has changed. Teachers spend a significant 

amount of their adult life in school buildings, and as a community there is a responsibility to 

provide an environment that is conducive to learning. In recent years, school administrators and 

designers have become increasingly convinced that the quality of school buildings can have an 

impact on student health and learning (Baker & Bernstein, 2012). It makes sense to them that 

when classrooms are clean, healthy, and day lit students will be more comfortable, less prone to 

illness, and more focused on their studies. Kerlin, Santos, & Bennet (2015) examined how 

teachers perceive the green technologies of the new school building, revealing that these 

implementations impacted teacher instructional practices and student learning experiences. 

While there have been studies on the impact of environments on children and the benefits 

of green buildings more broadly, more research is needed (Baker & Bernstein, 2012). Research 

supports the physical environment can distract or contribute to the content and effectiveness of 

instructional activities (Earthman & Lemasters, 2009). In a study by Earthman (2018), he 

examined the methodological differences in the relationship of school buildings and student 
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achievement. His study results suggest there are major differences in the research methodology 

centered on specific questions. While these questions are instrumental, it is necessary to examine 

them in a systematic order to address the concerns of the manuscript. 

1. Is it possible to accurately measure the physical environment?  

2. For what purposes should the physical environment be measured?  

3. Who can accurately evaluate school buildings?  

4. Do the student academic scores accurately measure student learning?  

5. Can substitute measures of student achievement be successfully utilized?  

6. What statistical process is best utilized to determine significant relationships?  

After further examination of his results, he concluded that the physical environment 

influences behavior, although noted there may be conflicting research. Earthman (2018) 

indicated that prior researchers could not say with certainty that the physical environment 

influences behavior, though he does state they may have utilized a set of data that does not show 

a significant difference. While the research cannot claim that there was a significant difference, 

there may have been modest changes that the data can just not fully support.  

For decades, researchers have investigated the conditions of school buildings and student 

productivity and health, though limited and unsubstantial findings exist. “The research reported a 

difference in student scores of 3%-10% for students in a school that was in good condition 

compared to a school in poor condition” (Earthman, 2018, p. 56).  Not to mention, students 

spend many years in the same building, suggesting that the percentage of difference would 

multiply over those years.  

The preponderance of research studies on the subject of the relationship between school 

building condition and student achievement indicate a positive relationship (Hewitt, 2017). In 
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measuring the condition of the school building when the physical condition of the building is 

being compared to student health and performance, there needs to be a direct tie into that 

relationship (Hewitt, 2017). 

Earthman (2011) completed a research based theoretical model in the Commonwealth of 

Virginia explaining the relationship of building conditions and the health and productivity of its 

users. Appendix A explains that the physical environment can influence humans. The data 

denotes how building conditions can influence student behavior, and furthermore, suggests that 

the condition of a building has an influence on the user’s attitude about their environment. 

Currently, there is limited knowledge of user perception and behavioral responses in 

regard to building environment; however these opinions and beliefs have great implications for 

building design, energy and environmental performance, as well as occupant comfort, well-

being, and productivity (Brown, 2009). A meta-analysis published by Stewart (2011) suggested 

that there is not a relationship between the conditions of buildings and the performance of its 

users. However, the study was limited to 42 studies and the number of studies available for 

comparison is far greater than the 42 that were used in his data set and the 16 studies that were 

used in his analysis. 

While research demonstrates that there is very little known about the user’s perception in 

building design, understanding the effects of daylight related to school design is not new. 

William Caudell, author of Toward Better School Design, researched the effectiveness of 

daylight combining specific window, overhangs, and skylight designs during the 1940’s. Cuadell 

demonstrated that understanding and utilizing natural ventilation by strategically locating vents 

and windows can have an effect on learning. His classroom design did not add heat or glares on 

the chalkboard or desks. Caudell set the standards for future classroom design. However, in the 
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1960’s air conditioning and fluorescent lights were introduced into building designs. While it 

was thought that air conditioning and fluorescent lighting would improve the classroom, the 

introduction of these two building elements caused a decline in creating environmentally friendly 

designs in the educational settings (Johnson, 2010). Smaller windows were also introduced 

because larger windows were thought to be districting. As these adjustments were made with the 

intention of improving the classroom environment, unfortunately they led to much larger issues in 

schools today.   

Johnson (2010) explains how insufficient lighting has the potential to decrease academic 

performance and be a detrimental environmental factor for students. Lower light levels and glare 

on desks interfere with student concentration and ability to achieve. When designing a 

classroom, “lighting fixture location and the room’s color affect light quality (brightness, width 

of spectrum, and glare)” (Johnson, 2010, p.3). Further, classrooms without windows leave a 

lackluster feeling in students and teachers (Johnson, 2010). 

With prior study suggestions and results in mind, the current research examined the 

lighting types, visual comfort, health and wellbeing and the delivery of instruction between those 

who work in a Leadership in Energy and Environmental Design (LEED) designed school and 

those who work in a non-LEED designed school. With answers to these questions, school 

officials and architects may present a strong case for considering green construction to make the 

most of limited dollars and to create healthier environment for students and staff (Marable, 

2014). Furthermore, using LEED principles has the potential to create a public relations 

opportunity, bringing attention to something special within the community (Johnson & Bernabei, 

2006). 
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Background 

LEED (Green) Design as an Approach 

The Center for Green Schools at United States Green Building Council (USGBC) 

reached a milestone in 2017 with a total of 2,000 LEED-certified schools. The accomplishment 

shows the huge impact that LEED has on both students and the environment (Keim, 2018). 

Green school principles not only change the way buildings are constructed, designed, and 

utilized, but they also have an impact on the way we view and respect our environment (Johnson, 

2010). LEED certification is a tool for school campuses, K-12, and universities, to not only 

transform and create greener schools, but initiate a newer way of thinking for creating a more 

sustainable future (Johnson, 2010). 

According to the USGBC, a green school is a school building or facility that creates a 

healthy environment that saves money, energy and resources while facilitating learning (Gordon, 

2010). “Incorporating ‘green building’ aspects into schools provides an opportunity for students 

to learn about ecological systems while reducing a schools' environmental impact” (Trudeau, 

2011, p. 14). For examples, Green buildings achieving the LEED certification in the US and 

other countries have been shown to consume 25 percent less energy and 11 percent less water 

than non-green buildings (World Green Building Council, n.d.). The location, design, and 

operation of school district facilities significantly impacts communities and the environment. 

With two million acres of land and half the square footage of the entire commercial building 

sector, school districts play an important role in managing facilities to reduce the use of natural 

resources, support local ecology and resilience, and protect human health (The Center for Green 

Schools, 2018).  
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When making these (sometimes) drastic changes to the school building it is vital to have 

the support of the individuals who are in direct contact with the students every day. Teacher 

awareness and professional development are critically important to consider when going through 

the process of designing, building, and settling into a new green school (Kerlin, Santos, & 

Bennet, 2015). For example, “Windows with pleasant views positively influence students, 

whereas direct sunlight, glare, and the inefficient use of windows and shading negatively 

influence students” (Mirrahimi, Lukman, Ibrahim, & Surat, 2013 p. 129). Though it can be a 

taxing process, schools are choosing to invest in green technologies because of long-term 

financial savings (Kerlin et al., 2015).  

LEED (Green) Design, Teacher’s Perceptions, and the Betterment of School Facilities 

According to the American Society of Civil Engineer’s 2017 Infrastructure Report Card, 

53% of schools need improvements to reach “good” condition, resulting in a D+ rating. Not to 

mention, recent government statistics show that a significant number of public-school facilities 

are not in acceptable condition (American Society of Civil Engineers, 2017). Creating 

sustainable schools, either through new construction or existing building renovations, and then 

operating these buildings in a sustainable way, has the power to improve student performance at 

a cost less than conventionally built schools (Olson & Kellum, 2003). The U.S. Department of 

Energy suggested that American school districts would collectively save $1.5 billion annually 

through the construction of green schools (Leary, 2003).  

In a study by Kerlin, Santos, and Bennett (2015), the main research question guiding the 

study was: “How do teachers perceive the impacts of the green technologies of the new school 

building on teacher instructional practices and student learning experiences?” The major items 

identified in the study included teacher awareness, combined with the need for professional 
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development in order to better understand the potential curriculum uses of the green features. 

While the study focused on over 20 green or sustainable infrastructure features, one example 

regarding the use of electrical lights and daylight harvesting was revealed. One of the facilities in 

the study was designed with window bays and light tubes, minimizing the use of the artificial 

lighting in the space and maximizing daylight harvesting. The results of the study demonstrated 

that while schools are choosing to invest in green technology for long term financial savings, 

they should also consider and be aware of the educational benefits and attitudinal effects, which 

prompts a call for further research (Kerlin et al., 2015). 

In a study by Earthman and Lemasters (2009), they concluded that their results were a 

snapshot of the attitudes teachers have about their physical environment and how it affects their 

perception at a given time. If the negative perception of physical environment is not addressed, 

and the negative perception carries over for years, then the morale and attitude of the teacher will 

continue to decline over time. School leaders assume the primary responsibility related to the 

physical environment of the building, as they are the stewards of their school’s learning 

environment. As such, they are in a position to take a pro-active stance to advocate for an 

environment that will be perceived well by the faculty and staff, in order to enhance learning and 

student achievement.  

  Elzeyadi (2016) suggested that while going green is a good idea for new schools, it is 

important not to forget the billion square feet of existing public schools, where 15 million 

students go to school in poor environmental conditions. Elzeyadi’s (2016) study examined 

evidence-based design guidelines that have thus developed best practices for the retrofit of 30 – 

50 years of existing educational space throughout the United States. The Green Classroom 

Toolbox™, which received the American Institute of Architects (AIA) research award for 2008 
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and the AIA Upjohn Award 2001, developed guidelines from a triple bottom-line approach, 

linking retrofit strategies to their impact on people, profit and plant. These guidelines will assist 

in the challenges school designers, facilities managers, and principals have in making informed 

decisions for retrofitting existing classrooms to meet Educational Facilities Design into the future 

(Elzeyadi, 2016).  

LEED Designed School Facilities Impact Occupant Comfort and Student Learning 

Acknowledging the ecological and economic impacts the environment has on a school is 

vital, however, the effects of the teacher, staff, and student population is just as significant. 

Studies from the building construction field have examined this relationship through survey 

questionnaires. The 2005 Turner Construction survey of executives in the building sector, who 

are involved with green schools, report that implementing green principles reduced student 

absenteeism and improved student performance on standardized test scores (Kats, 2006). 

Additionally, when a school has good quality lighting it creates optimal viewing for students 

during learning activities in the classroom such as reading and writing and board work. (Eitland 

et al., 2017).  

“The 9 Foundations of a Healthy Building” is an approach that summarizes the 

multidisciplinary research from a team of experts from the Healthy Buildings Program at the 

Harvard T.H. Chan School of Public Health (Allen et al., 2017). The 9 Foundations of a Healthy 

Building, developed in 2016, draws from 30 years of scientific evidence, creating nine 

fundamental building factors that influence the health and performance of a building. The 9 

Foundations provides design professionals, school officials and the community a valuable 

framework to use when thinking about school facilities in the United States and other developing 

nations (Allen et al., 2017). 
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The Harvard report “examines when and how these various building conditions affect a 

student and pays special attention to articulating the nuanced effects these parameters have on 

how our students feel, think, and perform” (see Appendix B). 

• Student health captures the overall physical and biological health of a school 

building occupant. For example, allergies, common cold, and other non-

communicable and communicable diseases can prevent students from feeling well 

throughout the academic year and may affect attendance.  

• Student thinking encompasses short-term (i.e., hourly, daily, or weekly) impacts 

on cognitive function and mental well-being and includes attention, 

comprehension, annoyance, and irritability.  

• Student performance refers to the successful long-term academic performance of 

students. (Allen et al., 2017) 

Innovation in School Building Design Direct and Indirect Effects on Student Learning 

Kerlin (2015) stated that professional development and curriculum are exciting potential 

areas for development and research. “Sustainability education professional development has 

become increasingly important for in-service and pre-service teachers” (Kerlin, 2015, p. 15). He 

believes that Green Schools as learning laboratories, can have teachers fully embrace and 

implement learning experiences wrapped around innovative approaches to use green schools to 

create an environment, shaping learning for the future. While Green Schools can improve student 

health and wellness, the opportunity teachers have by implementing sustainability curriculum 

that is interdisciplinary, develops STEM content knowledge, along with thinking skill and civic 

engagement, which are part of the pillars an element of a U.S. Department of Education Green 

Ribbon Schools (US Department of Education, 2014).  
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Problem Statement 

What are the effects of Leadership in Energy and Environmental Design (LEED) 

designed (Green) schools compared to non-LEED designed schools in New Jersey on the 

learning environment for those that utilize the spaces?  

There are many benefits to LEED design and those principles should be considered to 

lower life-cycle costs when designing a space. Grocoff (1995) suggested value-engineering 

rarely examines more significant factors in building design, such as life-cycle costs associated 

with energy consumption related to equipment. Facility planners can only make responsible 

decisions regarding lighting systems when choices regarding all effects and outcomes associated 

with the equipment are made. Further, it is vital to consider that any piece of the equipment’s 

true value will have an impact on the behavior and performance of the occupants using the 

specific environment. 

 Non-LEED design buildings (traditionally designed buildings) are buildings that are 

typically designed focusing on lower upfront cost, with minimal focus on the life cycle of the 

building. Kats (2006) suggested that traditional designs are not focused on the life cycle of the 

building, but rather building at a lower cost and meeting the minimal building code requirements. 

Further, occupants of non-LEED designed buildings are up against obstacles related to the 

learning environment, leading to higher absenteeism for students and staff, in addition to the 

academic performance of the students being lower (Kats, 2006).  

 While initially lower costs will save, the life cycle of the building and the cost benefits of 

LEED design buildings outweigh those costs over the life of the building and its users. Overall, 

stakeholders will suffer over the life cycle of the building, such that the school district will 

misuse taxpayer funds and the learning in those environments will be muted (Phillips, 2016).  
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Purpose of the Study 

This study examined the question of LEED Designed Schools in New Jersey schools and 

understand the elements that are part and parcel of the design plan. The researcher looked to gain 

a more in-depth understanding as to why the occupants of a LEED designed schools compared to 

non-LEED designed schools perceive their building’s design assisted in their performance and 

perceived comfort. The researcher examined three areas of occupant satisfaction: lighting 

(natural and artificial), health and well-being, and the delivery of instruction, as it relates to the 

“9 Foundations of a Healthy Building” (Allen et al., 2017). 

LEED design and certification has reached a milestone in 2017, with the Center for 

Green Schools at United States Green Building Council (USGBC) reporting a huge impact 

LEED schools have on both student and the environment (Keim, 2018). There is a large amount 

of research that focuses on the condition of the building and how the occupants perceive those 

environments. Earthman (2009) concluded that not only can the perception be noted in a 

snapshot regarding teacher attitudes toward the environment that they work in, but the attitude 

can be carried over many years. In a study by Theodorson (2008) in the state of Washington, she 

examined the impact the orientation of the building, related to daylighting, had on the occupant’s 

comfort and the delivery of instruction. In another study completed in Texas, Phillips (2016) 

examined the effects LEED designed schools had on the overall learning environment. In 

addition, a study by Marable (2014) in Virginia focused on the Implementation and Practices of 

Environmental Education of LEED. 

While the practices of LEED are widely used and there are a number of K-12 school new 

construction focusing on LEED standards, there is limited research related to the perception of 

the occupants and the effects on learning in New Jersey schools. The researcher determined there 
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is a need for further examination of LEED designed schools, in order to understand the effects its 

principles have on the perception of its occupants and the effects on learning. 

Research Questions 

The primary purpose of this study was to examine the perception of users of LEED 

designed schools in New Jersey and to determine if there is an effect on the learning that takes 

place in those spaces. 

There are several questions supported the central research question:  

1. Is there a significant difference in a teacher’s perception of the lighting types between 

those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

2. Is there a significant difference in a teacher’s perception of the visual comfort between 

those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

3. Is there a significant difference in a teacher’s perception of the health and welfare 

between those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

4. Is there a significant difference in a teacher’s perception of the delivery of instruction of 

those who work in a LEED designed school as it relates to LEED standards? 

Limitations 

 Limitations for this study included the number of newly constructed school buildings in 

New Jersey. Many of the construction projects in school districts in New Jersey are related to 

renovations and remodeling, rather than newly constructed buildings, limiting the participant 

sample pool. There was an email distributed to superintendents within those districts that have 
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newly constructed building, with a PDF of the survey to be completed, although permission to 

conduct the survey may not be granted. Of those superintendents granting permission to conduct 

the survey, the study analyzed the “teacher’s perception.” No consideration was given to the 

other personnel respondents to the study. 

 The purpose of this study was to compare those in LEED designed buildings and those in 

non-LEED designed buildings. The researcher asked the respondent if they know if they are 

working in a LEED designed building. While the teacher may work in a LEED design building, 

they may not recognize they do and therefore, their responses may be skewed as a result. Also, 

no consideration was given to the overall experience of the respondent as to whether or not they 

had the knowledge to answer the question accurately. In addition, when respondents indicated 

they are not working in a LEED designed building, or not sure if they are working in a LEED 

designed building, they did not have the opportunity to answer a portion of the survey related to 

the delivery of instruction. Further, the results of the study that are related to the delivery of 

instruction and the development of lesson plans with an understanding of the components of a 

healthy building may be skewed for those reasons.  

Respondents may have limited knowledge of the “9 Foundations of a Healthy Building.” 

Additionally, the non-LEED design school staff did not have the opportunity to answer questions 

related to the delivery of instruction in their building. Therefore, there is no data from those that 

are in non-LEED designed buildings to make a comparison to LEED schools. The research data 

for Research Question 4 only came from those that work in a LEED designed building. Lastly, 

no consideration was given to the personal knowledge a respondent may have regarding their 

ability to determine if they work in a LEED designed building and the standards around the 

design of that building (Allen, et al., 2017). 
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Significance 

The significance of this research was to provide education to school designers and 

officials sharing important knowledge of the spaces they are charged with creating and the effect 

LEED design (Green) schools has on the learning process. While there is a great deal of research 

related to LEED design and the effects on learning, the subject of LEED is comprehensive and 

varies depending on the standards and elements related to those standards. For example, while 

school designers and officials may focus on specific elements around the “9 Foundations of a 

Healthy Building” (Allen et al., 2017), the specific standards associated with the LEED design 

may not have a direct impact on the perception of the occupant or on learning. In addition, 

school designers and school officials may be forced to utilize cost saving measures (value 

engineering) to meet the projects budgetary needs while effecting the life-cycle value of the 

physical building and the occupants that utilize the space and their learning. 

 While there is an abundance of research related to LEED designed schools, there is 

limited research related to the lighting, health and well-being, and the delivery of instruction 

associated with new K-12 school design in New Jersey utilizing LEED standards. The 

information in this study will be invaluable to school designers, school officials, Boards of 

Education, and the construction industry embarking on new construction within their district. 

The study has the ability to increase the knowledge base related to LEED school design and the 

elements of green or sustainable learning environments.  

The study further adds valuable research regarding the perception of the end user and the 

effects on that user’s learning. As aforementioned, there has been several studies analyzing 

LEED designed schools, however, as student learning formats, society, and our student 
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population continues to change, examination of these principles applied in school buildings must 

continue to be researched.  

Summary 

 The objective of the study was to examine the perception of teachers in newly 

constructed K-12 LEED and non-LEED designed schools in New Jersey. The research examined 

a deeper understanding of the effect LEED school design has on the perception of the user and 

the effect on learning. The study was conducted due to a limited amount of research specific to 

K-12 school design in New Jersey. All stakeholders will benefit from the research to allow for a 

better understanding of how environment plays a significant role in learning, as it relates to 

LEED design schools. Additionally, this research explored the benefits these designs have to the 

overall satisfaction of the occupant, specific to lighting (natural and artificial), health and well-

being of occupants, and the delivery of instruction within LEED schools. 

Definitions 

LEED: Stands for Leadership in Energy and Environmental Design, is a certification 

program focused primarily on new, commercial-building projects and based upon a points 

system. The more points you earn, the higher your rating. 

Green Design: Green architecture, or green design, is an approach to building that 

minimizes the harmful effects of construction projects on human health and the environment. 

The "green" architect or designer attempts to safeguard air, water, and earth by choosing eco-

friendly building materials and construction practices. 

LED Lighting: A light-emitting diode (LED) is a semiconductor light source that 

emits light when current flows through it. Electrons in the semiconductor recombine with 

electron holes, releasing energy in the form of photons. 
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Florescent Lighting: A fluorescent lamp, or fluorescent tube, is a low-pressure mercury-

vapor gas-discharge lamp that uses fluorescence to produce visible light. 

Task Lighting: Refers to increasing illuminance to better accomplish a specific activity. 

Artificial Lighting: Lighting or illumination is the deliberate use of light to achieve 

practical or aesthetic effects. 

Natural Lighting: The light from the sun, sunlight. 

Indoor Environmental Quality (IEQ): The conditions inside the building. It includes 

air quality, but also access to daylight and views, pleasant acoustic conditions, and occupant 

control over lighting and thermal comfort. 

Full-spectrum light: Light that covers the electromagnetic spectrum from infrared to 

near-ultraviolet, or all wavelengths that are useful to plant or animal life; in particular, sunlight is 

considered full spectrum, which would most commonly be recognized as midday sunlight in 

terms of its appearance to the human eye. 
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Chapter 2: Literature Review 

Introduction 

 A review of the literature is included to understand how school facility design correlates 

to the comfort of the staff and their ability to the delivery of instruction, as well as how that 

comfort is linked to student success. The chapter includes an overview of the history of the 

Green approach to design, as well as provide an understanding of Leadership in Energy and 

Environmental Design (LEED) and its impact on school design. Additionally, this review 

addressed how the standards of LEED affect occupant comfort and student learning, while also 

highlighting LEED standards and define their indirect and direct effect on student learning.  

Literature Search Strategy 

A review of the literature associated with LEED designed school standards, focused on 

several different lighting types. While there are many lighting systems, the for the purposes of 

this study, the literature review focused on fluorescent lighting, windows, and skylights, which 

are the most commonly found lighting systems in work areas or classrooms. Further, this review 

examined visual comfort, health, and the delivery of instruction, related to the perceived 

perception of the occupant and the effect on the physical learning space.   

Lighting Types (Artificial) 

Not all light is created equal, for example, there are electric lighting systems and 

daylighting systems (Grocoff, 1995). The lighting system that is used can affect the physical 

environment and the perception of that environment. Grocoff (1995) suggested that lighting 

systems must be selected carefully, so the facility and the people using them can operate 

effectively and efficiently. When selecting a lighting type, it is important not to select on cost 

alone. Selecting a lighting system by utilizing value engineering or life-cycle costs needs 
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consideration, seeing that responsible decisions can only be made by facility planners when 

considering all affects and outcomes associate with their equipment choices.  

Artificial lighting (electric) comes in many shapes and sizes. “Not all artificial light 

sources accurately reproduce the full-spectrum of sunlight” (Hathaway, 1995, p. 229). Hathaway 

(1995) analyzed traditional, full-spectrum fluorescent lamps, full spectrum lamps with UV 

supplements, and cool-white fluorescent lamps. The study involved fourth through six grade 

students and were focused on the growth and the development over a two-year period, examining 

the rate of student’s dental cavities, attendance, and achievement. Moreover, the study 

demonstrated that there is a wide range of artificial lighting options that create a wide range of 

colors that affect the sensitive to a person’s eyes (Hathaway, 1995). While there are many 

artificial lighting types, traditionally fluorescent lamps are most commonly used in a classroom. 

These types are in a fixture that distribute the light on the work area. Many larger spaces such as 

the cafeteria, lobbies, and gymnasium may use a vapor type light, which is a powerful light 

source that can withstand harsh environments (i.e. protecting the light source from the 

environment). Traditional fluorescent lights, conversely, emit infrared heat and can increase the 

temperature of a room. Over the past decade, traditional fluorescent lights have been replaced 

with light-emitting diodes (LEDs) which emit minimal heat and have a great cost-saving benefit 

(Allen et al., 2017). 

Prismatic Lenses and Parabolic Louvers 

A prismatic lens (Figure 1) offers the least expensive solution to lighting a classroom and 

other school facilities, however, they are not all the same. While lower in cost, students and 

teachers can experience more health issues, such as headaches and visual fatigue with prismatic 

lenses than with other electric lighting systems, resulting in lower performance and concentration 
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(Grocoff, 1995). Parabolic Louvers (Figure 2), on the other hand, are usually a first option when 

visual comfort or higher light quality is placed as high importance in comparison to prismatic 

lenses. This form of light is usually found in environments with computer screens (Grocoff, 

1995).  

   
  

Figure 1. Prismatic lens. 

 

 

Figure 2. Parabolic louvers     
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Windows and Skylights (Daylighting) 

 Selecting a daylighting system can be as challenging as selecting an electrical lighting 

system (Grocoff, 1995). Grocoff suggested there are two main reasons for choosing not to use 

windows in the design of a facility. A concern for vandalism and violence by school officials is 

one concern, in addition to a need for students paying attention to the instruction being delivered, 

rather than the distractions of outside (Grocoff, 1995). However, the Journal of Environmental 

Psychology cited reasons in support of windows in the classroom. There is a biological need for 

windows, providing the necessary relief and a soft distraction for those in the space. This type of 

“soft” distraction allows students to reengage with teachers more quickly than other classroom 

distractions, by refocusing on the teacher at a much quicker rate of time than other distractions. 

School officials and designers should avoid windowless classrooms as a permanent use, 

as this can have a negative impact on the students and staff. Grocoff (1995) indicated that when 

designed properly, skylights can be very beneficial to the overall life-cycle cost to a facility, 

which can be less distracting than large windows. A report by HMG (1999) found that students 

that had a well-designed skylight in their room and had control over the daylight entering the 

room, progressed 19-20% faster academically than those students without a skylight. Heschong 

(2002) has strongly suggested the importance of daylighting and the effects the increase of 

windows and skylights will have on the work area or classroom. Many researchers have also 

found evidence that schools that have incorporated daylighting into their design have been 

shown to assist in students’ learning (Pulay, 2010) 

 The National Clearinghouse for Educational Facilities (2002) reported that until the 

1950’s, natural light was the predominant means of illuminating most school space. However, as 

the cost of electricity declined so did the daylighting (natural lighting) in those spaces. The report 
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further indicated that there have been fads and distractions associated with lighting decisions, 

from the scientific foundations linked to daylighting and the effects on learning (Schneider, 

2002). This suggests that “full-spectrum” fluorescent lighting is the approach to take moving 

forward. However, as schools re-lamped their facilities, the perceived benefit of this lighting type 

is expensive and produces less light. The report further commented with the regard to the effects 

of full-spectrum fluorescent lighting. It advised that daylight will provide the best lighting 

conditions. The report concluded that once the decisions about school environmental facilities 

are implemented, they will have effect on the daily performance of the teachers and students 

using those facilities moving forward.   

Visual Comfort 

According to Carlucci, Causone, Rosa, and Pagliano (2015), “Good visibility is defined 

by the presence of an adequate amount of light allowing an occupant to accomplish his tasks 

[while] discomfort can be caused by either too low or too high level of light” (p. 6). In a study 

from 2015, Carlucci et al. (2015) used 34 visual comfort indices based on a search of scientific 

literature and lighting standards, as well as research identifying reliable metrics for evaluating 

visual comfort over the last serval dedicates with a focus on glare and the amount of light 

(Appendix C). Study results showed that glare represented more than 50% of the scope of the 

index and the amount of light represented more than 26% of the scope of the index. When 

developing an environment for learning, designers must consider the occupant. Phillips (2016) 

suggested that for school buildings that are designed with appropriate daylight or daylight 

equivalent, the learning environment will be free of the most basic obstacles to learning. 

According to Zomorodian and Tahsildoost (2019), there are few studies focused on 

daylight and glare, comparing the occupant’s perception and those indices simultaneously. He 
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expressed that most studies focused on offices and classrooms not investigated thoroughly. The 

Zomorodian and Tahsildoost (2019) study examined, “Investigating pros and cons of different 

daylight and visual comfort metrics; comparing student's responses in terms of daylight and glare 

over dynamic metrics; determining the most effective metrics for daylight availability and visual 

comfort prediction; revising the metrics thresholds based on the field surveys” (p. 670). 

Therefore, visual comfort is determined by the amount of light and the glare caused by that light 

in the space. Within this study, Zomorodian and Tahsildoost (2019) focused on four classroom 

spaces, measuring the daylight and glare in those spaces. The study was carried out over 

different months, days and under different sky conditions to determine an average. The study 

concluded LEED standards focusing on energy consumption rather than a high-level of 

occupants’ satisfaction can reduce students’ well-being and learning process. It is apparent 

comfort in educational buildings is an important issue, since it is directly related to the students' 

wellbeing and learning process (Zomorodian & Tahsildoost, 2019). Research demonstrates that 

validated visual comfort metrics will help designers make more optimized choices among the 

design solutions. In turn, these efforts will lead to a range of facade design aimed at balancing 

daylight penetration and visual comfort (Zomorodian & Tahsildoost, 2019). Research continues 

to emphasize the call for more research around occupant satisfaction related to visual comfort. 

Theodorson’s (2008), study revealed that building orientations can be a factor in how the 

spaces are managed in occupation, which is most evident in the use of daylight controls (i.e. 

interior shades). Researchers found that teachers in southern facing parts of a building utilized 

the shading systems more frequently than those in a northern facing part of a building 

(Theodorson, 2008). Within the study, reasons cited were sun glare and heat control. 
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Conclusively, “overall, teachers were highly satisfied with their new classrooms, with the highest 

rating assigned to natural light from the north facing classrooms” (p. 5). 

In another study by Theodorson (2009), she surveyed three elementary schools in 

Washington state, with classrooms facing north. The results from this post-occupancy evaluation 

concluded the teachers were overwhelming satisfied with the daylighting in their classrooms. 

The study survey highlighted the satisfaction with classroom luminous environment. Questions 

concerning satisfaction in regard to natural lighting within the classroom received 100% 

agreement by all participates completing the survey. However, while teachers were 100% 

satisfied with the natural light in their classroom, they did report out their arrangement of 

furniture was altered so as to minimize the direct sunlight in the eyes of their students. 

In a study by Pulay (2010), a well-planned daylighting system needs to have balanced 

diffused, and glare-free daylight from two or more directions. The source of light needs to be 

sufficient and the level of light needs to be appropriate. Incorporating operable shading devices 

to reduce light intensity for computer screens, while providing views to the exterior as well as 

exterior shading devices to minimize solar heat gain in the warmer months will allow for a work 

area or classroom an enhanced visual comfort. 

Health and Well-being 

Natural lighting is important to the development and well-being of people. To create 

space for individuals with only efficiency in mind is a clear case of “daylight robbery” 

(Hathaway, 1995). The Indoor Environmental Quality (IEQ) refers to the quality of a building’s 

environment in relationship to the health and wellbeing of those in that space. The IEQ has many 

complex factors that may have an effect on the occupants of the physical environment, such as 

lighting, air quality, and damp conditions. The quality of the artificial lighting and range of paint 
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colors used is an example of such a factor (Prakash, 2005). Prakash used a comparative approach 

to examine these factors, finding 57% were satisfied with the daylighting in their building, while 

56% complained of glare in their office. 

Heschong’s (2002) study compared several schools over a 4-year period and concluded 

that daylighting had a direct impact on student learning. Moreover, Heschong (2002) suggested 

there are three potential pathways for daylight mechanisms that improves human performance: 

increased visibility, enhanced mood, and improved health, to which researchers are investigating. 

Heschong (2002) further suggested that in order to have a clearly delineated mechanism, a 

combination of methodologies will be required: laboratory experimentations, field work, and 

population studies.  

A more recent study from Mirrahimi, Lukman, Ibrahim, and Surat (2013) reviewed 

previous studies on daylighting and the effects on the physical and psychological health of 

students, including their academic performance based on test scores. The study provides valuable 

information for researchers, indicating that by using natural light in schools, student health and 

performance increases. Students that engage in well-lit work areas show an enhanced health, 

well-being, and student performance. Mirrahimi et al. (2013) demonstrates that daylight effects 

student learning and should be considered in the design of school buildings. Table 1 below 

displays natural light considerably influencing the cognitive abilities of student and reducing 

poor health and psychological factors. When compared with maximum daylight classrooms to 

minimum daylight classrooms, students in maximum daylight classrooms improved their math 

performance by 20% and reading by 26%. Learning spaces in schools with maximum window 

areas were related to 19% and 20% greater reading and math test scores (Boubekri, 2008).  
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Table 1  

Benefit of Daylighiting on Students  

Improved      Reduced 

Health Psychological Learning 

achievement 

Health Psychological 

Vitamin D Mood Learning Headache Depression 

Student’s vision Cheerful Math Cancer Fatigue 

Calcium 
  absorption 

Student 
attendance 

Student 
attendance 

Stomach 
ulcers 

Seasonal 
affective 
disorder 

Bone formation Sleep Test score High blood 
pressure 

Violent 
behaviour 

Biological clock   Stress Stress 
   Microbes Security 

Note. Reprinted from “Effect of Daylighting on Student Health and Performance,” by S. 

Mirrahimi, N. Lukman, N. Ibrahim, & M. Surat. 2013, Proceedings of the 15th International 

Conference on Mathematical and Computational Methods in Science and Engineering, Kuala 

Lumpur, Malaysia, p. 130. Copyright 2013 by Computational Methods in Science and 

Engineering.  

From the literature, it is noted that the physical environment can have a negative impact 

on the overall health and wellbeing of staff. Earthman and Lemasters (2009) completed an 

exploratory study, where they examined buildings that were rated as being environmentally good 

or poor and how the faculty felt about their classrooms and the attitudes that were formed. Their 

study suggests high rates of absenteeism, lower levels of effort, and decline in classroom 

effectiveness, and lower morale and job satisfaction are possible effects based on poor working 

conditions. In Appendix D of Earthman and Lemasters’ (2009) study, staff responded to one of 

the survey question items indicating, “my classroom is well lighted, and there was an 18.1% 

discrepancy between those in a school in good condition and a school in poor condition.” In 

addition, staff were asked whether the air quality is good. They found that there was a 40.3% 
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discrepancy between those in a “good condition” school compared to a school in poor condition. 

Earthman and Lemasters concluded,  

Clearly, the teachers in buildings rated satisfactory view their classrooms more positively 

than do teachers in unsatisfactory buildings. These teachers view their classrooms as 

pleasant places in which to work and for students to learn. Further, they view the 

classroom as a healthy place for them and their students. These perceptions stand in 

obvious contrast to perceptions reported by teachers in buildings deemed unsatisfactory. 

Teachers in satisfactory buildings also have more positive attitudes about their 

classrooms and how that space influences them and their students. Teachers in 

satisfactory buildings were happy with their classrooms and looked forward to teaching 

in these places (Earthman & Lemasters, 2009, p. 333). 

Much of the emphasis to date in meeting building performance objectives has been 

focused on optimizing energy and resource efficiency, as reflected in mainstream green building 

rating systems, such as LEED (Brown, 2009). 

Delivery of Instruction 

Youth are in a classroom setting for a large portion of their day; therefore it is vital to 

consider how that environment supports or hinders their performance. Researchers have found 

that students exposed to full-spectrum light mimicking natural lighting are more likely to have 

higher standardized test scores (Hathaway, 1995). Conversely, students constantly exposed to 

dim light and windowless classrooms having inadequate air circulation (less than 15 cubic feet 

per minute per person), are expected to perform poorly on various standardized measures of 

success (Tanner, 2013). 
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Elzeyadi (2016) found that involving students in the development of the classroom design 

lead to the development of a school science and math curriculum that engaged students daily and 

monthly in further understanding low-energy consumption. “The classroom itself became a 

dynamic textbook for daily science and math topics and provided an environmental hands-on 

learning experience for students” (Elzeyadi, 2016, p. 12). This approach resulted in 

environmental sustainability education being intertwined into the curriculum and provided a 

change in the behavior of school children, teachers, and the community regarding “green 

classrooms” and the impact on learning. 

Yacan (2014) has indicated that learning and development can be categorized at three 

different stages. These stages are physical development, cognitive development, and socio-

emotional development. Further, Yacan (2014) expressed how some research evidence has 

showed that by incorporating daylighting methods into the design of the educational facility 

student learning is developed. However, this is only possible by carefully incorporating different 

types of illumination within the design of the building. According to Heschong (2002), there are 

many studies showing a strong relationship between daylighting techniques (window size, level 

of daylight, etc.) and student performance. 

Thombs and Prindle (2018) examined data over a 10-year period (2006–2016), 

investigating the effect that LEED had on academic performance using a difference-in 

differences (DID) estimator. They included data from the Ohio Department of Education and the 

Ohio Facilities Construction Commission, comparing a LEED school with a non-LEED school. 

While the study did not show a significant difference in the academic performance of students 

comparing the facilities related to all the LEED standards, “overall, LEED for schools…can have 

positive impacts on a multitude of human and environmental outcomes” (Thombs & Prindle, 
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2018, p. 9). While LEED has a complex rating system and schools can be LEED certified 

without focusing on the costlier credits; IEQ2 (Increased Ventilation), IEQ9 (Enhanced 

Acoustical Performance), and IEQ8 (Daylight and Views) are factors that would have the most 

impact on student productivity and performance. Policymakers should focus on maximizing the 

untapped potential of LEED design standards, by requiring schools to use the building as a 

learning tool and have school design focus on those standards that have been shown to positively 

affect learning (Thombs & Prindle, 2018). 

In the report, Schools for Health: Foundations for Student Success, authors indicated that 

good-quality and task-appropriate lighting at school is important (Eitland et al., 2017). Many 

classroom activities such as reading and writing, are visually relevant and create the foundation 

for student learning. By creating an environment that has good lighting allows for greater 

academic gain in these areas specifically, as research has supported. Within the report, it is 

indicated how focused lighting will have an impact on learning. 

A study of 172 U.S. third-grade students tested the effect of high-intensity (1000 lux, 

6500K) glare-free “focus” lighting on students’ oral reading fluency performance for a 

full academic year. By midsemester, students in the “focus” lighting showed a higher 

percentage increase in oral reading fluency performance compared with students in 

“standard” lighting (500 lux, 3500K) classrooms (36% vs. 17%). The same researchers 

conducted a follow-up study among students from low socioeconomic backgrounds and 

found that by the end of the academic year, students in the “focus” lighting group showed 

larger gains in oral reading fluency performance than the non-focus lighting group and 

their oral reading fluency improvement trajectory more closely aligned with national 

trends (Eitland et al., 2017, p. 24).  
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Literature Review Related to Key Concepts and Variables 

Lighting Types 

 According to Phillips (2016), appropriate daylighting (natural) and daylighting equivalent 

(artificial) lighting in a physical environment will free the most basic obstacles to learning. 

Lighting systems are an important aspect of school building design. Grocoff (1995) suggested 

that not all lighting is created equal. Grocoff further insinuates that what type of lighting system 

used can affect the physical environment and the perception of that same environment. 

 Selecting the correct lighting system for the environment can be challenging. Grocoff 

(1995) indicated selecting a daylighting (natural) system can be just as challenging as selecting 

an electric (artificial) lighting system. School building designers should be conscious of good 

visibility, such that discomfort can be caused by too low level of light, as well as too high a level 

of light (Carlucci, Causone, Rosa, & Pagliano, 2015). Additionally, Theodorson (2008) 

suggested the orientation of the building is critical to the harvesting of natural daylight and the 

control of the natural daylight. 

Health and Well-being 

 The health and well-being of the occupant in a physical space is serious when the 

occupant spends a great deal of time in that physical environment. Hathaway (1995) reported 

that natural lighting is important to the development and well-being of people, and by focusing 

solely on efficiency related to natural lighting is a clear case of “daylight robbery.”  

 Mirrahimi et al. (2013) demonstrated that daylight effects student learning and should be 

considered in the design of school buildings. Mirrahimi et al. (2013) further suggested, when 

comparing minimally natural lit classrooms to maximum naturally lit classrooms, student 

performance improved by 20% for math and 26% for reading. Concluding from the review of 
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previous studies on daylighting, the effects on the physical and psychological health of students 

improves when the daylighting in the physical environment is considered (Mirrahimi et al., 

2013). Further, Earthman and Lemasters (2009) suggested that the physical condition of the 

building will affect the overall health and well-being of the occupant.  

Delivery of Instruction 

 Considering students spend a large portion of their day in the classroom, it is critical to 

understand whether the environment supports or hinders the performance of the students and 

staff. Researchers have found that by exposing students to a full spectrum of light that mimics 

natural lighting students will achieve higher standardized test scores (Hathaway, 1995).  

Yacan (2014) has indicated three stages of learning and development of a student, how a 

student develops physically, cognitively, and socially. By incorporating natural lighting into the 

educational facility, some research demonstrated student learning can grow (Yacan, 2014). 

Thombs and Prindle (2018) studied 10-years of data (2006-2016), investigating the effects of 

LEED school design on academic performance. While the examination of the data does not show 

a significant difference in academic performance when comparing facilities related to all LEED 

standards, he did conclude that, overall, LEED schools can have a positive effect on a host of 

human and environmental outcomes (Thombs & Prindle, 2018). 

 While LEED school design elements can be a complex system to navigate, LEED design 

schools can have an overall impact on the physical development, cognitive development, and 

social-emotional development of student and staff (Yacan, 2014). Policymakers should focus on 

the potential of LEED design standards by requiring school buildings to model those principles 

and have school designs focus on those standards that have shown positive effects on learning 

(Thombs & Prindle, 2018). 
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Impact on Student Learning 

 According to Barr, Leigh, Dunbar, and Tremblay (2011), whether the facility is 

functioning well or not, the facility has the power to serve as in teaching instrument. The 

attributes of a LEED designed facility, utilized as a “three-dimensional textbook,” has unlimited 

potential on learning for the next generation of students (Barr, Leigh, Dunbar, & Tremblay, 

2011). Advocating for green schools for every child for future generations is the mission of the 

U.S. Green Building Council’s Center for Green Schools (USGBC, 2009). The landscape of how 

students learn has changed significantly over the last several decades. A new generation of 

students that are sustainable natives, are experiencing a more sustainable lifestyle and capable of 

driving global market transformation (USGBC, 2009). Creating a culture of informed 

stakeholders, armed with making decisions about the facility design and curriculum, will guide 

the whole-school sustainability process. Allowing students to align sustainability values within 

the culture, curriculum and facility operations will lead to good stewards of the environment 

(Barr et al., 2011). Further, understanding a building’s effect on student performance, guiding 

decisions about the physical learning environment, will result in an educational facility modeling 

high performance standards and will actively engage students in the learning process (Barr et al., 

2011) 

 According to Dyck (2002), lighting is an important factor in the design of a classroom. 

Research suggested that having a classroom mostly day lit, will fare better in both health and 

performance for those students occupying that space. In a study by McGowen (2007), while 

there is practical research that exists linking the school size and age with student performance, 

there is a large number of studies that exist, connecting the relationship between classroom 

lighting and academic achievement. 
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 It is assumed that the curriculum and the delivery of instruction have an impact on 

learning. While this may be accurate, it is becoming more and more apparent the condition of the 

facilities has an influence on student achievement (McGowen, 2007). Earthman, Cash, and Van 

Berkum (1996) found students in the 11th grade, in schools with above average condition 

compared to students in poor condition, scored higher as measured by the Comprehensive Test 

of Basic Skills. Further, in a report by Heshong (1999), there is a positive link when comparing 

day lighting and academic performance. In a study by McGowen (2007), Texas school districts 

understand the benefits of natural lighting and the impact natural lighting has on academic 

achievement.  

Thombs and Prindle (2018) examined a decade of research in the Ohio school system 

where he concluded, LEED for schools is a complex rating system and the system can have a 

positive impact on a host of human and environmental outcomes.  He suggested further 

advancements in LEED programs, encouraging policymakers to maximize the unrealized 

opportunities of LEED programs. By requiring schools to become a learning tool and adopting 

certain LEED design credits there can be a positive impact on learning, as previous research has 

proven. 

Over the past two decades, there is noteworthy research finding the condition of the 

building effects achievement, indicating new construction and better facilities has a direct impact 

on learning. Earthman (2004), in a synthesis of literature, concluded there is a positive link 

between the condition of the building and academic achievement. He argued there are five 

important building features that must be addressed to have an impact on learning: temperature 

control, indoor air quality, lighting, acoustical control, and the availability of science 

laboratories. This argument is further emphasized in the most recent development of the “9 
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Foundations of a Healthy Building” from the Harvard T.H. Chan School of Public Health, 

drawing from decades of research, showing the environment in school buildings impacts student 

health, student thinking and student performance (Allen et al., 2016). 

Summary and Conclusions 

 LEED school design has developed considerably over the last several decades. The 

Center for Green Schools at United States Green Building Council (USGBC) reported that in 

2017, they reached a milestone with a total of 2,000 LEED certified schools. While LEED school 

design is a complicated system to navigate, this milestone accomplishment has shown a huge 

impact on students and the environment overall. While there is a significant amount of research 

that has taken place over the last decade, much of the research needs to be applied into practice. 

In 2009, Earthman and Lemasters, in a snapshot concluded that teachers’ perceptual attitudes are 

dependent on their physical environment. Thus, if the negative perception of the physical 

environment is not addressed, the negative perception carries over time. Simultaneously, in a 

report by Gordon (2010) a year later, it was indicated a green school building and facility is one 

that creates a healthy environment that saves money, energy and resources while facilitating 

learning.  

 The review of the literature indicates that the physical environment of a space has an 

influence on occupant self-perceived feelings, attitudes, and learning, as well as overarching 

ecological health of the Earth. The literature further revealed that lighting (natural and artificial) 

plays a role in the visual comfort of the occupant and the effect on learning. Grocoff (1995) 

revealed that all lighting is not created equal, and that the lighting system used will affect the 

environment and the perception of that environment. He further expressed how the lighting in the 
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setting can affect the environment and the type of light used can also be challenging, whether 

that be choosing daylighting systems or electrical systems (Grocoff, 1995). 

 While the selection of lighting systems for the betterment of the environment is 

important, the visual comfort of those systems is equally important. Carlucci (2005) suggested 

that good visibility is defined by having an adequate amount of light to accomplish a specific 

task; also noting that discomfort can be caused by too little or too high a level of light. Visual 

comfort is important for occupants in order to allow individuals the opportunity to complete 

tasks in a space that promotes success and efficacy. According to Zomorodian and Tahsildoost 

(2019), visual comfort is determined by the amount of light and the glare caused by that light in 

the classroom. By understanding visual comfort metrics, this will help designers make better 

design choices to enhance the occupants’ comfort and therefore, success.  

 Further review of the literature indicated that an environment, specifically lighting, is 

integral in the health and well-being of the occupant. Hathaway (1995) referred to “daylight 

robbery” as creating a space for individuals with only efficiency in mind. He also alluded to 

natural lighting being important to the development and well-being of people (Hathaway, 1995). 

Research strongly suggests the physical environment can have a negative impact on the over 

health and well-being of the occupant.  

 When examining the literature related to student performance and the delivery of 

instruction, some of the research is conflicting. In comparing LEED schools with non-LEED 

schools, researchers have found that there has not been significant differences in the academic 

performance of students comparing the facilities related to all the LEED standards. However, it 

has been noted that LEED for schools can have a positive impact on human and environmental 

outcomes (Thombs & Prindle, 2018). Yacan (2014) also indicated that learning and development 
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of students can be influenced by incorporating daylighting methods into the design of the 

educational facility.  
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Chapter 3: Research Method 

What are the effects of Leadership in Energy and Environmental Design (LEED) 

designed (Green) schools compared to Non-LEED schools in New Jersey, on the learning 

environment for those that utilize the spaces? This study examined the question of LEED 

designed schools in New Jersey schools, as well as the elements that are part and parcel of the 

design plan. The researcher looked to gain a more in-depth understanding as to why the 

occupants of a LEED designed school (compared to non-LEED school building) perceive their 

building’s design assisted in their performance and perceived comfort.  

Research Design and Rationale 

The primary purpose of this study was to examine the perception of users of LEED 

designed schools in New Jersey and to determine if there is an effect on the learning that takes 

place in those spaces. 

There are several questions that supported the central research question:  

1. Is there a significant difference in a teacher’s perception of the lighting types between 

those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

2. Is there a significant difference in a teacher’s perception of the visual comfort between 

those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

3. Is there a significant difference in a teacher’s perception of the health and welfare 

between those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

4. Is there a significant difference in a teacher’s perception of the delivery of instruction of 
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those who work in a LEED designed school as it relates to LEED standards? 

Methodology 

Population and Participates Selection 

The research focused on new construction of K-12 school buildings in New Jersey and 

the effect of the newly designed environmental elements have on student learning. The 

researcher contacted architects that specialize in school construction in New Jersey and asked for 

a list of new constructions that they were part of over the past 10 years. The New Jersey School 

Development Authorities website was investigated to find additional school buildings that were 

newly constructed over the past 10 years. 

After determining the buildings that were utilized in the study, the superintendents and 

principals of the districts that have newly constructed buildings were contacted. Fifteen districts 

with a total of 21 newly constructed K-12 buildings throughout New Jersey were included in the 

study. An email addressed to the superintendent of each school was developed, requesting 

permission to conduct the survey within their district. The email included a PDF of the survey, 

allowing the superintendent to review the survey to grant or deny permission to administer the 

survey. From the 21 buildings, the researcher expected to yield 50% of those districts to 

participate. The principals of the permissible buildings were emailed in order to ask the 

principals to forward the email to their staff. The email involved an explanation of the purpose of 

the survey with a link to a Google Form to take the survey.  

Procedures for Recruitment, Participation, and Data Collection 

 Following permission to conduct the survey from the administration, the survey was 

distributed to the staff within that building via email. Each participant was sent an email that had 

the Google Form link to the survey, see the complete survey in (Appendix E). On the Google 
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Form survey, individuals consented to be a part of the research study by reading the consent 

information and acknowledged consent by clicking “yes,” allowing access to the survey. Should 

the participant not give consent to participate in the survey, by clicking “no,” their response was 

recorded and the access to the survey was close.  

Archival Data 

The data was archived through Google Drive. The survey was generated in Google Forms 

and distributed to each participate via email. Participants were required to consent in order to 

complete the survey. After submission of the completed survey, the data will be kept anonymous 

and secure in the Google Drive system. The surveys were timestamped at the time of each 

submission. The data from the survey was converted to an Excel spreadsheet to allow for easy 

coding, organization, and analysis of the data. 

Instrumentation 

The survey that will be utilized is based on the GB BOSS (Green Buildings Building 

Occupant Satisfaction Survey), developed at Rutgers University and refined by David Phillips, 

Ph.D. during his research he conducted at Prairie View A&M University in 2015 (Phillips, 

2016).  Permission was sought from Dr. Phillips to further refine his survey for this research 

Appendix F. Permission was received and is contained in Appendix G. The revisions that were 

made to the survey are described below.  

The refined survey has four parts: background information, lighting information, health 

and well-being information, and learning environment. 

 The questions asked in the background information section of the survey focused on the 

length of time the occupant worked in the building, the amount of time they worked in their 

present area, number of hours they spent in that area in a week, their primary job, and how long 
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they were teaching. This data was used to develop an understanding of the occupant that is using 

the building and to create inferences based on the categorical data aggregation. 

 The other three sections of the survey instrument are designed to collect data about how 

the building occupant perceives the lighting in their work area, their health and well-being while 

in the environment, and the delivery of instruction to include the “9 Foundations of a Healthy 

Building.” The “9 Foundations of a Healthy Building,” developed in 2016, draws from 30 years 

of scientific evidence, creating nine fundamental building factors that influence the health and 

performance of a building (Allen et al., 2017). 

 The section of the survey that responds to how the building occupant perceives the 

lighting in their work area is broken into several parts. Participants were asked about the type of 

lighting that is in their work area in a select all that apply format: Daylighting (natural lighting), 

Overhead lighting (artificial lighting), Task lighting (artificial lighting), as well as an opportunity 

to select “Not sure” if they were unaware of the specific lighting in their work area.  

 Participants were asked to rank their opinion using a 7-point Likert Scale; utilizing a 

range of 1 “strongly disagree” through 7 “strongly agree.” The participants were asked to 

indicate if there is no problem with glare in their work area or classroom, the work area or 

classroom is not too dark, the work area or classroom is not too bright, there is adequate 

overhead/task (artificial) lighting in their work area or classroom, and whether there is adequate 

day (natural) lighting in their work area or classroom. Further, participants were asked based on 

the above questions, what is their general satisfaction regarding visual comfort of the lighting, 

using the same Likert type format as noted above. Participants were asked to indicate their 

perception of the overall visual comfort of the work area of classroom: “enhanced, interfered, no 

impact.” As a summary question, participates were asked whether they would make changes to 
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the campus lighting (artificial or natural), also using a Likert Scale of 1 “strongly disagree” 

through 7 “strongly agree.” Additionally, they had the opportunity to provide an optional 

narrative to their response.  

 The section of the survey related to the heath related satisfaction of the occupant focused 

on health-related issues in their work area or classroom. The primary question of this section is 

specific to distinguish between problems triggered during work hours and chronic problems not 

associated with the work environment. Participants were asked to indicate how often the 

following were triggered: general tiredness, general feeling of stress, irritability, headaches, 

coughs, nose and throat irritations, eye strain, blurring vision, eye irritations, soreness. 

Participants were asked to gauge their response on a scale using the qualifiers: “almost 

never/never,” “seldom,” “monthly,” “weekly,” or “daily.”  

 The section of the survey that relates to the effect on the learning environment is broken 

into two parts. The first section focuses on the implementation of the LEED (Green) design 

concepts and principles and whether or not the concepts were conveyed effectively. In order to 

measure the effectiveness of the principles and concepts, the researcher utilized a 7-point Likert 

Scale 1 “strongly disagree” through 7 “strongly agree.” Participants had the opportunity to 

provide narrative responses to each of the questions. Participants were asked to provide data 

related to the development of lesson plans and how they used the “9 Foundations” as part of the 

development of those lessons. Participants were explicitly asked how often they incorporated the 

“9 Foundations of a Healthy Building,” gauging their level of incorporation by responding either 

“never”, “almost never,” “no opinion,” “almost always,” or “always.” Participants had the 

opportunity to provide optional narrative explanation to this question. As an overview to their 
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survey responses, participants were asked to provide an opinion as to the positive impact the 

LEED (Green) school design has on the academic achievement of the student in the school. 

Coding and Manipulation 

 The data collected by the researcher required manipulation in order for the researcher to 

analyze the data categorically. Respondents checked three choices: Yes, No, or Not Sure, 

respective of working in a LEED designed school. The researcher coded those that indicated 

“No” responses with a “1” and those that indicated “Yes” with a “2.” In addition, the researcher 

was able to determine the responses from non-LEED designed schools and LEED designed 

schools, indicating “Not Sure.” The researcher coded the “Not Sure” responses from non-LEED 

schools with a “1” and responses from a LEED designed schools with a “2.” 

 The researcher coded the 7 point Likert Scale questions with a “1” for Strongly Disagree 

thorough a “7” for Strongly Agree, allowing the data to be analyzed through Statistical Package 

for the Social Sciences (SPSS) to perform statistical data analysis. The researcher also coded 

several questions regarding the frequency of specific Health and Well Being issues within their 

work area or classroom. Respondents could choose: “Not Applicable, Almost Never/Never, 

Seldom, Monthly, Weekly, or Daily.” The researcher coded those responses with “0” for Not 

Applicable through “5” for Daily. Further the researcher coded responses regarding the 

integration of the “9 Foundations of a Healthy Building” into their lesson plans. Respondents 

indicated the frequency of the area integrated into the lesson by choosing: “Not Applicable, 

Never, Almost Never, No Opinion, Almost Always, or Always.” The researcher coded those 

responses with “0” for Not Applicable through “5” for Always. 

 Further manipulation of the data was required for the type of lighting that is in the work 

area or classroom. Respondents were asked to select all that apply: daylighting (natural lighting), 
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overhead lighting (artificial lighting), task lighting (artificial lighting) and not sure. The 

researcher coded the data with a “1” for daylighting (natural lighting) and a “2” for overhead and 

task lighting (artificial lighting) and a “0” for not sure. Regarding the respondents overall visual 

comfort in the work area or classroom, respondents were asked to check if their visual comfort 

was interfered, enhanced, or there was no impact reflective of the type of lighting in the work 

area or classroom. The researcher coded the data with a “1” for no impact or interference and a 

“2” for enhanced.  

Summary 

 This chapter discussed the design, rationale, and methodology the researcher used to 

complete this quantitative data analysis, examining the perception of teachers in LEED school 

design compared to non-LEED school design and the effects on learning in New Jersey K-12 

schools. The research focused on three major areas: lighting (natural and artificial) to include 

visual comfort, health and well-being, and the delivery of instruction (focused on the “9 

Foundations of a Healthy Building”). The research used a survey mechanism that allowed 

participates to participate anonymously and provide their satisfaction of the physical 

environment and its effects on learning.  
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Chapter 4: Research Findings 

The primary purpose of this study was to examine the perception of users of LEED 

designed schools in New Jersey and to determine if there is an effect on the learning that takes 

place in those spaces. 

There are several questions that supported the central research question:  

1. Is there a significant difference in a teacher’s perception of the lighting types between 

those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

2. Is there a significant difference in a teacher’s perception of the visual comfort between 

those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

3. Is there a significant difference in a teacher’s perception of the health and welfare 

between those who work in a LEED designed school and those who work in a non-LEED 

designed school? 

4. Is there a significant difference in a teacher’s perception of the delivery of instruction of 

those who work in a LEED designed school as it relates to LEED standards? 

The respondents completed a survey with four areas of focus: background information, 

lighting information, health related satisfaction, and effect on the learning environment. The 

survey was designed to aggregate data about the perception of the building occupants, as well 

comparing the perceptions of occupants in LEED designed buildings and non-LEED designed 

buildings. The respondents also had the opportunity to provide narrative explanations related to 

each question that was applicable. The survey allowed the respondents to provide their 

perception of the environment using a seven-point Likert Scale. 
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This chapter provides the group statistical data collected for the demographic information 

on the respondent and provide a report of the aggregate data for the four central research 

questions posed by the researcher. 

 The researcher had 147 responses returned through the secured online Google platform 

see Table 2. Of the responses, the study consisted of 99 females accounting for 67.3% of the 

study participants and 47 males for 32%. In addition, there was 1 respondent that selected not to 

participate in the study, representing 0.7%  

Table 2  

Participant Demographic Data: Gender 

Gender 

 Frequency Percent 

  1 0.7 

Female 99 67.3 

Male 47 32 

Total 147 100 

 

 The respondents were asked to share the number of years that they worked in the 

building. Table 3 indicates that 46 respondents (31.3%) worked in the building for less than 1 

year and 100 respondents (68%) worked in the building for more than 1 year. With again, 1 

respondent selecting not to participate in the study, representing 0.7% 
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Table 3  

Participant Demographic Data: Years in Building 

 Frequency Percent 

 1 0.7 

Less than one year 46 31.3 

More than a year 100 68 

Total 147 100 

 

The respondents were asked to share the number of years that they worked in their 

current work area or classroom. Table 4 indicates that 23 respondents (15.5%) worked in their 

current work area or classroom for less than 1 year and 123 respondents (83.7%) worked in their 

current work area or classroom for more than 1 year. With the same 1 respondent selecting not to 

participate in the study, representing 0.7% 

Table 4  

Participant Demographic Data: Years in Work Area 

 Frequency Percent 

 1 0.7 

Less than one year 23 15.6 

More than 1 year 123 83.7 

Total 147 100 

 

 The majority of the participates in the survey indicated they worked in their current work 

area or classroom more than 31 hours a week, with 69 participants (46.9%) between 31-40 hours  

and 63 participants (42.9%) over 40 hours. There were 3 participants (2%) less than 10 hours and 

11 participants between 10-30 hours accounting for 7.5%. With the same 1 respondent selecting 

not to participate in the study, representing 0.7%. 
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Table 5  

Participant Demographic Data: Time Spent in Work Area  

 

 Frequency Percent 

 1 0.7 

10 or less 3 2 

10-30 11 7.5 

31-40 69 46.9 

More than 40 63 42.9 

Total 147 100 

 

 Participants also indicated their primary work description, of the respondents, 79 General 

Education Teacher (53.7%), 22 Special Education Teachers (15%), 13 Administrators (8.8%), 5 

Counselors (3.4%), 4 Child Study Team Members (2.7%), 2 Paraprofessionals (1.4%) and 1 

respondent in each of the following primary work descriptions: Administrative Asst., County 

Teacher Leader, CTE Teacher, Custodial, FAPA Teacher, Inclusion Teacher, Library Aide, 

Nursing, Push in Support, School Nurse, Secretary, Social worker, Specialist, Specials Teacher, 

Speech-Language Pathologist, Teacher of Italian, Title I Teacher, Title I/ELL Teacher, US 

History/AP Economics/Driver Education, Vocational Teacher, totaling 7%. With the same 1 

respondent selecting not to participate in the study, representing 0.7%. 
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Table 6  

Participant Demographic Data: Primary Work Description 

  Frequency Percent 

  1 0.7 

Administrative Asst. 1 0.7 

Administrator 13 8.8 

Child Study Team Member 4 2.7 

Clinician-Therapist 1 0.7 

Counselor 5 3.4 

County Teacher Leader 1 0.7 

CTE Teacher 1 0.7 

Custodial 1 0.7 

FAPA teacher 1 0.7 

General Education Teacher 79 53.7 

Inclusion teacher 1 0.7 

Library Aide 1 0.7 

Nursing 1 0.7 

Paraprofessional 2 1.4 

Push in support 1 0.7 

School Nurse 1 0.7 

Secretary 1 0.7 

Social Worker 1 0.7 

Special Education Teacher 22 15 

Specialist 1 0.7 

Specials Teacher 1 0.7 

Speech-Language Pathologist 1 0.7 

Teacher of Italian 1 0.7 

Title I Teacher 1 0.7 

Title I/ELL teacher 1 0.7 

Us History, AP Economics, Driver Education 1 0.7 

Vocational teacher 1 0.7 

Total 147 100 

 

 The majority of the respondents (n = 95) have been teaching for 11 or more years (64%), 

14 respondents 0 – 4 years (9.5%), 23 respondents 5 – 10 years (15.6%) and for 14 respondents 
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the question was “not applicable” (9.5%). With the same 1 respondent selecting not to participate 

in the study, representing 0.7%. 

Table 7  

Participant Demographic Data: Years Teaching 

 

  Frequency Percent 

  1 0.7 

0 - 4 years 14 9.5 

11 or more years 95 64.6 

5 - 10 years 23 15.6 

Not applicable 14 9.5 

Total 147 100 

 

Data Collection 

Research Question 1 (Natural Lighting) 

Table 8  

Group Statistics for Natural Lighting 

 LEED 

designed 

school 

building N Mean 

Std. 

Deviation 

Std. Error 

Mean 

Glare  

 

No 11 3.36 1.859 0.56 

Yes 59 4.76 1.841 0.24 

NOT too dark  No 11 5.27 2.24 0.675 

Yes 59 6.22 1.587 0.207 

NOT too bright. No 11 4.09 2.256 0.68 

Yes 59 5.49 1.785 0.232 

Adequate amount of 

daylight (natural) 

No 11 5.55 2.018 0.608 

Yes 59 6.03 1.586 0.207 

Changes to lighting 

on campus 

No 11 3.18 2.316 0.698 

Yes 59 2.42 1.821 0.237 

 



LEADERSHIP IN ENERGY AND ENVIRONMENTAL DESIGN    49 

 

Table 9 

 Comparing LEED and Non-LEED Regarding Natural Lighting  

 
Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 

F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Glare 0.096 0.757 -2.31 68 0.024 -1.399 0.606 -2.608 -0.191 

NOT too dark. 2.107 0.151 -1.698 68 0.094 -0.948 0.558 -2.061 0.166 

NOT too bright 0.737 0.394 -2.291 68 0.025 -1.401 0.611 -2.621 -0.181 

Adaquate amount 

of daylight (natural) 

1.667 0.201 -0.898 68 0.373 -0.488 0.544 -1.574 0.597 

Changes to lighting 

on campus 

2.617 0.11 1.214 68 0.229 0.758 0.625 -0.488 2.005 

 

Note. N = 70 

 

In regard to Research Question 1, there was a significant difference in teacher’s 

perceptions of glare specifically related to natural lighting in their work area or classroom for 

LEED schools (M=4.76, SD=1.841) and non-LEED schools (M=3.36, SD=1.859), t=--2.31, 

df=68, p=0.024. Statistically, with a p value of 0.024, those in LEED schools reported 

significantly less glare affect compared to non-LEED school occupants. 

With reference to Research Question 1, there was a significant difference regarding 

teacher’s perceptions of darkness, specifically related to natural lighting in their work area or 

classroom between LEED schools (M=6.22, SD=1.587) and non-LEED schools (M=5.27, 

SD=2.24), t=--1.698, df=68, p=0.094. A p-value of 0.094 indicated there is a statistical 

difference in of the perception of teachers in LEED designed schools reporting less effects of 

darkness in the work area or classroom compared to non-LEED schools.  

With respect to Research Question 1, there was a significant difference regarding 

teacher’s perceptions of brightness, specifically related to natural lighting in their work area or 
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classroom between LEED schools (M=5.49, SD=1.785) and non-LEED schools (M=4.09, 

SD=2.256), t=--2.291, df=68, p=0.025. Statistically, with a p-value of 0.025, non-LEED school 

occupants reported significantly more challenges with brightness than LEED school occupants. 

Regarding Research Question 1, there was not a significant difference regarding teacher’s 

perceptions related to there being adequate light specifically related to natural lighting in their 

work area or classroom between LEED schools (M=6.03, SD=1.586) and non-LEED schools 

(M=5.55, SD=2.018), t=--0.898, df=68, p=0.373. Statistically, with a p-value of 0.373, while 

approaching significance, it can be seen as meaningfully different, but not statistically different. 

With regard to Research Question 1, there is not a significant difference regarding 

teacher’s perceptions of the campus lighting specifically related to natural lighting in their work 

area between LEED schools (M=2.42, SD=1.821) and non-LEED schools (M=3.18, SD=2.316), 

t=-1.214, df=68, p=0.229. Statistically, with a p-value of 0.229, there was no statistical 

difference between LEED and non-LEED designed schools as to whether or not campus lighting 

should be changed reflective of natural lighting. While the p-value indicates no statistical 

difference, it can be viewed as meaningful.  
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Research Question 1 (Artificial Lighting) 

Table 10  

Group Statistics for Artificial Lighting 

 LEED 

designed 

school 

building 
N Mean Std. Deviation 

Std. Error 

Mean 

Glare No 14 4.93 2.303 0.615 

Yes 62 4.65 1.909 0.242 

NOT too dark No 14 6.07 1.859 0.497 

Yes 62 5.71 1.740 0.221 

NOT too bright No 14 5.14 2.282 0.610 

Yes 62 5.13 1.886 0.240 

Adequate amount of 

artificial lighting 

No 14 6.36 1.008 0.269 

Yes 62 5.94 1.688 0.214 

Changes to the campus 

artificial lighting 

No 14 4.64 2.170 0.580 

 Yes 62 3.81 1.923 0.244 

 

Table 11  

Comparing LEED and Non-LEED Regarding Artificial Lighting  

 

Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Glare 1.112 0.295 0.483 74 0.631 0.283 0.587 -0.886 1.453 

NOT too dark 0.128 0.721 0.694 74 0.490 0.362 0.521 -0.677 1.401 

NOT too bright 0.734 0.394 0.024 74 0.981 0.014 0.580 -1.143 1.170 

Adequate amount 

of artificial lighting  

2.402 0.125 0.897 74 0.373 0.422 0.470 -0.515 1.359 

Changes to the 

campus artificial 

lighting 

0.780 0.380 1.436 74 0.155 0.836 0.583 -0.325 1.997 

 

Note. N = 76 
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With respect to Research Question 1, there is a not a significant difference regarding 

teacher’s perceptions of glare specifically related to artificial lighting in their work area or 

classroom between LEED schools (M=4.65, SD=1.909) and non-LEED schools (M=4.93, 

SD=2.303), t=-0.483, df=74, p=0.631. There is no significant difference between LEED and non-

LEED school that can be perceived as meaningful. 

Regarding Research Question 1, there is no significant difference regarding teacher’s 

perceptions of darkness specifically related to artificial lighting in their work area or classroom 

between LEED schools (M=5.71, SD=1.740) and non-LEED schools (M=6.07, SD=1.859), t=-

0.694, df=74, p=0.490. With LEED schools compared to non-LEED schools reporting no 

significant difference regarding darkness in their work area classroom.  

In regard to Research Question 1, there is not a significant difference regarding teacher’s 

perceptions of brightness specifically related to artificial lighting in their work area or classroom 

between LEED schools (M=5.13, SD=1.886) and non-LEED schools (M=5.14, SD=2.282), t=-

0.024, df=74, p=0.981. There is no statistical difference regarding brightness reflective of 

artificial lighting when comparing LEED schools to non-LEED schools.  

With respect to Research Question 1, there is not a significant difference regarding 

teacher’s perceptions of the adequacy of lighting specifically related to artificial lighting in their 

work area or classroom between LEED schools (M=5.94, SD=1.688) and non-LEED schools 

(M=6.36, SD=1.008), t=-0.897, df=74, p=0.373. While there is no statistical difference regarding 

the adequacy of lighting as it relates to artificial lighting in LEED schools compared to non-

LEED schools, the research anticipated there would be a significant difference.  

Regarding Research Question 1, there is no significant difference regarding teacher’s 

perceptions of campus lighting specifically related to artificial lighting in their work area or 
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classroom between LEED schools (M=3.81, SD=1.923) and non-LEED schools (M=4.64, 

SD=2.170), t=-1.436, df=74, p=0.155. While the p-value is approaching a level of significance as 

it relates to changing campus lighting, it can be perceived as meaningful change, but not 

significant. 

Research Question 2 (Visual Comfort) 

Table 12 

 Group Statistics for Visual Comfort 

 

 LEED designed 

school building N Mean 

Std. 

Deviation 

Std. Error 

Mean 

Visual comfort 

 

No 

Impact/interference 

106 5.21 1.75 0.17 

 Enhanced 40 6.08 1.492 0.236 

 

Table 13 

Comparing LEED and Non-LEED Regarding Visual Comfort  

 

Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Visual comfort 

 

5.938 0.016 -2.776 144 0.006 -0.867 0.312 -1.485 -0.25 

Note. N = 146 

Regarding Research Question 2, there is a significant difference regarding teacher’s 

perceptions specifically related to visual comfort in their work area between LEED schools 

(M=6.08, SD=1.492) and non-LEED schools (M=5.21, SD=1.75), t=--2.776, df=144, p=0.006. 

Statistically, with a p-value of 0.006, this indicates there is a pronounced significant difference 
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with those in LEED schools reporting significantly higher visual comfort as it relates to overall 

(glare, darkness, brightness, adequate amount of natural or artificial) lighting on campus. 
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Research Question 3 (Health and Well-being) 

Table 14  

Group Statistics for Health and Well-being 

 LEED 

designed 

school 

building 
N Mean Std. Deviation 

Std. Error 

Mean 

General 

tiredness 

 

No 25 2.6 1.354 0.271 

Yes 99 2.48 1.528 0.154 

General 

feelings of 

stress  

No 25 3.12 1.394 0.279 

Yes 99 2.81 1.682 0.169 

Irritability  

 

No 25 2.24 1.234 0.247 

Yes 99 2.06 1.449 0.146 

Headaches  

 

No 25 2 1.19 0.238 

Yes 99 1.95 1.265 0.127 

Coughs  

 

No 25 1.56 1.003 0.201 

Yes 99 1.67 1.178 0.118 

Nose and 

throat 

irritations 

No 25 1.8 1.155 0.231 

Yes 99 1.73 1.219 0.123 

Eye Strain 

 

No 25 2.2 1.354 0.271 

Yes 99 1.93 1.473 0.148 

Blurring 

vision 

No 25 1.64 1.15 0.23 

Yes 99 1.43 1.179 0.119 

Sorness 

 

No 25 1.48 1.122 0.224 

Yes 99 1.59 1.363 0.137 
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Table 15  

 Comparing LEED and Non-LEED Regarding Health and Well-Being  

 

Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 

F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

General 

tiredness 

0.518 0.473 0.344 122 0.731 0.115 0.335 -0.547 0.778 

General feelings 

of stress 

3.84 0.052 0.855 122 0.394 0.312 0.365 -0.41 1.034 

Irritability 1.184 0.279 0.569 122 0.571 0.179 0.315 -0.445 0.804 

Headaches 0.001 0.974 0.18 122 0.857 0.051 0.28 -0.504 0.605 

Coughs 0.82 0.367 -0.416 122 0.678 -0.107 0.256 -0.614 0.401 

Nose and throat 

irritations 

0.371 0.544 0.269 122 0.788 0.073 0.27 -0.462 0.607 

Eye Strain 0.147 0.702 0.834 122 0.406 0.271 0.325 -0.372 0.913 

Blurring vision 0.066 0.798 0.783 122 0.435 0.206 0.263 -0.314 0.726 

Eye Irritations 1.946 0.166 -0.323 122 0.747 -0.096 0.298 -0.685 0.493 

Sorness 1.528 0.219 -0.359 122 0.721 -0.106 0.295 -0.69 0.479 

 

Note. N = 124 

 

In reference to Research Question 3 (general tiredness), there is a not significant 

difference regarding teacher’s perceptions of their health and well-being in their work area 

between LEED schools (M=2.48, SD=1.528) and non-LEED schools (M=2.6, SD=1.354), t=-

0.344, df=122, p=0.731. Statistically, with a p-value of 0.731, those in LEED schools reported 

no difference in health and well-being compared to non-LEED schools. While this was not 

intended by the researcher, these results may be due to teachers not understanding healthy 

building conditions as thoroughly. 

Regarding Research Question 3 (general feelings of stress), there is a not significant 

difference regarding teacher’s perceptions of their health and well-being in their work area 

between LEED schools (M=2.81, SD=1.682) and non-LEED schools (M=3.12, SD=1.394), t=-
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0.855, df=122, p=0.394. While not intended by the researcher, there is no significant difference 

in the perception general feelings of stress of occupants in LEED compared to occupant’s non-

LEED schools. The p value of 0.394, the researcher anticipated a significant difference.  

With regard to Research Question 3 (irritability), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=2.06, SD=1.449) and non-LEED schools (M=2.24, SD=1.234), t=-0.569, df=122, 

p=0.571. With a p-value of 0.571, there is no significant difference in the perception of 

irritability of the occupant for those in LEED schools compared to those in non-LEED schools. 

Regarding Research Question 3 (headaches), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=1.95, SD=1.265) and non-LEED schools (M=2, SD=1.19), t=-0.18, df=122, 

p=0.857. There is no statistical difference between LEED and non-LEED schools, regarding 

teacher’s perception of headaches.  

With respect to Research Question 3 (coughs), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=1.67, SD=1.178) and non-LEED schools (M=1.56, SD=1.003), t=--0.416, df=122, 

p=0.678. Statistically, with a p-value of 0.678, those in LEED schools reported no significant 

difference in coughing compared to those in non-LEED schools.  

Regarding Research Question 3 (nose and throat irritations), there is a not significant 

difference regarding teacher’s perceptions of their health and well-being in their work area 

between LEED schools (M=1.73, SD=1.219) and non-LEED schools (M=1.8, SD=1.155), t=-

0.269, df=122, p=0.788. Regarding nose and throat irritation, there is no significant statistical 

deference regarding teacher perception comparing LEED and non-LEED designed schools.  
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In regard to Research Question 3 (eye strain), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=1.93, SD=1.473) and non-LEED schools (M=2.2, SD=1.354), t=-0.834, df=122, 

p=0.406. The p-value of 0.406 indicates there is no statistical difference regarding eye strain for 

those in LEED design schools compared to those in non-LEED design schools.  

With respect to Research Question 3 (blurring vision), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=1.43, SD=1.179) and non-LEED schools (M=1.64, SD=1.15), t=-0.783, df=122, 

p=0.435. There is no significant difference in comparing LEED designed schools and non-LEED 

designed schools in regard to blurred vision.  

Regarding Research Question 3 (eye irritations), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=1.62, SD=1.383) and non-LEED schools (M=1.52, SD=1.085), t=--0.323, df=122, 

p=0.747. Statistically, with a p-value of 0.747, those in LEED schools reported no significant 

difference in eye irritation compared to those in non-LEED schools.   

With respect to Research Question 3 (soreness), there is a not significant difference 

regarding teacher’s perceptions of their health and well-being in their work area between LEED 

schools (M=1.59, SD=1.363) and non-LEED schools (M=1.48, SD=1.122), t=--0.359, df=122, 

p=0.721. With a p-value of 0.721, there is no significant difference when comparing the 

perception of teachers’ soreness in LEED design schools verses non-LEED designed schools. 
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Research Question 4 (Visual Comfort) 

Table 16  

Group Statistics for Visual Comfort Related to Delivery of Instruction 

 LEED designed school 

building 

N Mean 

Std. 

Deviation 

Std. Error 

Mean 

Delivery of 

LEED principles 

and concpets 

No Impact/interference 24 3.88 1.727 0.353 

Enhanced 13 5.08 2.178 0.604 

The delivery of 

the concepts and 

princples was 

beneficial to my 

class. 

No Impact/interference 24 3.54 1.444 0.295 

Enhanced 13 4.92 2.362 0.655 

A strong 

emphasis placed 

to be good 

environmental 

stewards 

No Impact/interference 24 3.13 1.541 0.315 

Enhanced 13 4.92 2.253 0.625 

LEED school 

design positively 

impacted the 

academic 

achievement 

No Impact/interference 24 3.75 1.595 0.326 

Enhanced 13 5.46 1.808 0.501 
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Table 17 

Comparing Overall Visual Comfort Related to the Delivery of Instruction 

 
Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 

F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Delivery of 

LEED 

principles and 

concpets 

1.327 .257 -1.843 35 .074 -1.202 .652 -2.526 0.122 

The delivery 

of the 

concepts and 

pricples was 

beneficial to 

my class. 

6.061 0.019 -2.214 35 0.033 -1.381 0.624 -2.648 -0.115 

A strong 

emphasis 

placed to be 

good 

environmenta

l stewards 

2.319 0.137 -2.874 35 0.007 -1.798 0.626 -3.068 -0.528 

LEED school 

design 

positively 

impacted the 

academic 

achievement 

0.1 0.753 -2.974 35 0.005 -1.712 0.575 -2.88 -0.543 

 

Note. N = 37 

 

In reference to Research Question 4 (principles and concepts), there is a significant 

difference regarding teacher’s perceptions of “no impact/interference of visual comfort” 

(M=5.08, SD=2.178) and the “enhancement of visual comfort” (M=3.88, SD=1.727), t=--1.843, 

df=35, p=.074. Statistically, with a p-value of 0.074, those in LEED schools reported effectively 

understanding the principles and concepts of a LEED school related to delivery of instruction. 
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For Research Question 4 , with regard to principles and concepts being beneficial in the 

classroom, there is a significant difference regarding teacher’s perceptions of “no 

impact/interference of visual comfort” (M=4.92, SD=2.362) and the “enhancement of visual 

comfort” (M=3.54, SD=1.444), t=--2.214, df=35, p=0.033. With a p-value of 0.033, there is a 

statistical significance with those in LEED schools reporting visual comfort as important in the 

classroom associated with the delivery of instruction. 

With regard to Research Question 4, a strong emphasis was placed on good 

environmental stewardship. There is a significant difference regarding teacher’s perceptions “no 

impact/interference of visual comfort” (M=4.92, SD=2.253) and the “enhancement of visual 

comfort” (M=3.13, SD=1.541), t=--2.874, df=35, p=0.007. Statistically, with a p-value of 0.007, 

there was pronounced statistical significance with those in LEED schools reporting visual 

comfort being beneficial to good stewardship, as it relates to the delivery of instruction. 

Regarding to Research Question 4, LEED school design positively impacted the 

academic achievement, there is a significant difference regarding teacher’s perceptions “no 

impact/interference of visual comfort” (M=5.46, SD=1.808) and the “enhancement of visual 

comfort” (M=3.75, SD=1.595), t=--2.974, df=35, p=0.005. Statistically, with a p-value of 0.005, 

there is statistical significance with those in LEED schools reporting visual comfort having 

positive impact on learning. 
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Research Question 4 (Lighting Types) 

Table 18  

Group Statistics for Lighting Types Related to the Delivery of Instruction 

 LEED 

designed 

school 

building N Mean 

Std. 

Deviation 

Std. Error 

Mean 

Delivery of 

LEED 

principles and 

concpets 

Natural 21 4 1.924 0.42 
Artificial 16 4.69 1.991 0.498 

The delivery 

of the 

concepts and 

princples was 

beneficial to 

my class. 

Natural 21 3.71 1.901 0.415 
Artificial 16 4.44 1.896 0.474 

A strong 

emphasis 

placed to be 

good 

environmental 

stewards 

Natural 21 3.43 2.087 0.456 
Artificial 16 4.19 1.834 0.458 

LEED school 

design 

positively 

impacted the 

academic 

achievement 

Natural 21 3.95 2.061 0.45 
Artificial 16 4.88 1.408 0.352 
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Table 19  

 Comparing Natural to Artificial Light Related to the Delivery of Instruction 

 
Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 

F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Delivery of LEED 

principles and 

concpets 

.044 .835 -1.061 35 .296 -.687 .648 -2.003 0.628 

The delivery of 

the concepts and 

pricples was 

beneficial to my 

class. 

.004 .952 -1.148 35 .259 -.723 .630 -2.003 0.556 

A strong emphasis 

placed to be good 

environmental 

stewards 

1.047 0.313 -1.154 35 0.257 -0.759 0.658 -2.095 0.577 

LEED school 

design positively 

impacted the 

academic 

achievement 

2.641 0.113 -1.536 35 0.134 -0.923 0.601 -2.142 0.297 

 

Note. N = 37 

 

With respect to Research Question 4 (principles and concpets), there is not a significant 

difference regarding teacher’s perceptions of natural light (M=4.69, SD=1.991) and artificial 

light (M=4, SD=1.924), t=--1.061, df=35, p=.296. While there is not a statistically significant 

difference regarding the understanding of the principles and concepts related to LEED design 

schools, there can be a perceived meaningful difference in understanding the principles and 

concepts of LEED schools related to lighting types.  

With reference to Research Question 4 (principles and concepts), being beneficial in the 

classroom, there is NOT a significant difference regarding teacher’s perceptions of natural 
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lighting (M=4.44, SD=1.896) and artificial lighting (M=3.71, SD=1.901), t=--1.148, df=35, 

p=.259. While indicating lighting type is not beneficial when delivering instruction, it can be 

perceived as meaningful, but not significant.  

Regarding Research Question 4, in regard to there being a strong emphasis is placed on 

good environmental stewardship, there is not a significant difference regarding teacher’s 

perceptions of natural lighting (M=4.19, SD=1.834) and artificial (M=3.43, SD=2.087), t=--

1.154, df=35, p=0.257. The research intended a significant difference in the perceived difference 

regarding teacher’s perceptions reflective of natural lighting compared to artificial lighting in 

LEED schools. While not significant the p value is approaching significant.  

With respect to Research Question 4, LEED school design positively impacted the 

academic achievement, there is a not significant difference regarding teacher’s perceptions of 

natural lighting (M=4.88, SD=1.408) and artificial lighting (M=3.95, SD=2.061), t=--1.536, 

df=35, p=0.134. Statistically, with a p-value of 0.134, showing there is not a significant 

difference, even though teacher’s rated natural lighting as more impactful to learning than 

artificial lighting.  
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Research Question 4 (Visual Comfort) 

Table 20  

Group Statistics for Visual Comfort Related to the 9 Foundations 

 LEED designed school 

building 

N Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

Lessons were 

created with 

aspects of 

lighting and 

views from 9 

Foundations 

No Impact/interference 22 2 1.877 0.4 

Enhanced 13 2.54 2.066 0.573 

Lessons created 

with aspects 

lighting and 

views from 9 

Foundation met 

the instructional 

goals and 

objectives 

No Impact/interference 22 1.77 1.798 0.383 

Enhanced 13 2.46 1.984 0.55 
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Table 21 

 Comparing Overall Visual Comfort to the 9 Foundations  

 
Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 

F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Lessons were 

created with aspects 

of lighting and 

views from 9 

Foundation 

.079 .781 -.790 33 .435 -.538 .681 -1.925 0.848 

Lessons created 

with aspects 

lighting and views 

from 9 Foundation 

met the 

instructional goals 

and objectives 

0.11 0.742 -1.054 33 0.299 -0.689 0.653 -2.018 0.64 

 

Note. N = 37 

 

With respect Research Question 4, in regard to the question: lessons were created with 

aspects of lighting and views from “9 Foundation,” there is not a significant difference regarding 

teacher’s perceptions of “no impact/interference” (M=2.54, SD=2.066) and “enhancement of 

visual comfort” (M=2, SD=1.877), t=--.790, df=33, p=.435. Statistically, with a p-value of 0.435, 

those in LEED schools reported that visual comfort is not significant when developing lessons 

utilizing the “9 Foundations of a Healthy Building.” This may be due to occupants not having a 

clear understanding of the concepts of lighting and views within the 9 Foundations of a Healthy 

Building. 

Regarding Research Question 4, lessons created with aspects lighting and views from “9 

Foundations of a Healthy Building” met the instructional goals and objectives, there is not a 
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significant difference regarding teacher’s perceptions of “no impact/interference” (M=2.46, 

SD=1.984) and “enhancement of visual comfort” (M=1.77, SD=1.798), t=--1.054, df=33, 

p=0.299. Statistically, with a p-value of 0.299, those in LEED schools reported that visual 

comfort is not indicated when meeting lesson goals and objectives utilizing the “9 Foundations 

of a Healthy Building.” While not statistically significant, the p-value of 0.299 indicates 

meaningful change. 

Research Question 4 (Lighting Types) 

Table 22  

Group Statistics for Lighting Types Related to the 9 Foundations 

 LEED 

designed 

school 

building 
N Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

Lessons were created with aspects 

of lighting and views from 9 

Foundation 

Natural  19 1.68 1.916 0.44 

Artificial 16 2.81 1.834 0.458 

Lessons created with aspects 

lighting and views from 9 

Foundation met the instructional 

goals and objectives 

Natural  20 1.6 1.903 0.426 

Artificial 15 2.6 1.724 0.445 
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Table 23  

Comparing Lighting Types to the 9 Foundations 

 
Levene’s Test for 

Equality of Variances 

  
t-test for Equality of 

Means 

 

 

F Sig t df 

Sig 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% 

Confidence 

Interval 

Lower   Upper 

Lessons were 

created with aspects 

of lighting and 

views from 9 

Foundation 

.873 .357 -1.769 33 .086 -1.128 .638 -2.426 0.169 

Lessons created 

with aspects 

lighting and views 

from 9 Foundation 

met the 

instructional goals 

and objectives 

0.969 0.332 -1.601 33 0.119 -1 0.625 -2.271 0.271 

 

Note. N = 37 

 

For Research Question 4, in regard to question: lessons were created with aspects of 

lighting and views from “9 Foundations”, there is a significant difference regarding teacher’s 

perceptions of natural lighting (M=2.81, SD=1.834) and artificial lighting (M=1.68, SD=1.916), 

t=--1.769, df=33, p=.086. Statistically, with a p-value of 0.086, there is statistical significance for 

those in LEED schools reporting that when developing lessons using the “9 Foundations of a 

Healthy Building” lighting was a significant concept. 

Regarding Research Question 4, lessons created with aspects lighting and views from “9 

Foundations” met the instructional goals and objectives, there is not a significant difference 

regarding teacher’s perceptions of natural lighting (M=2.6, SD=1.724) and artificial lighting 

(M=1.6, SD=1.903), t=--1.601, df=33, p=0.119. Statistically, with a p-value of 0.119, those in 
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LEED schools reported no indication of lighting being a significant concept when meeting the 

goals and objectives of the lessons using the “9 Foundations of a Healthy Building.” 

Data Analysis 

During the data collection phase of the research, the researcher used a Google survey that 

secured in the Data Drive of the Google platform. Respondent data from the survey instrument 

were downloaded into a matrix using an Excel platform. The data was then coded and sorted 

appropriately based on each research question. The quantitative data was collected from the 

multiple-choice questions in the survey instrument, then reviewed to report group statistics. A t-

test was run to determine the statistical differences of the means for each research question 

between teacher’s perceptions in LEED designed schools verses non-LEED schools in New 

Jersey.  

The coded quantitative data for specific survey items was used to examine statistical 

differences for the following categories: lighting types, visual comfort, health and well-being, 

and delivery of instruction. Further, the respondents were given the opportunity to provide 

narrative responses to the survey instrument items. The research will use those narrative 

responses to support or contradict the statistical analysis.  

Results 

The nature of the survey instrument allowed the researcher to collect a significant amount 

of data, with 147 respondents conducting the survey from 10 newly constructed LEED designed 

schools and non-LEED design schools. The researcher was able to utilize the data to successfully 

analyze the four research questions. The researcher, by categorizing the data, was able to 

compare lighting types, visual comfort and the health and well-being of the occupants in LEED 

designed schools and non-LEED designed schools. With regard to questions examining the 
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delivery of instruction, based on participant’s answer to question 17 on the survey (“I know that I 

work in a LEED designed school building”) would either prompt the respondent to continue to 

the delivery of instruction section or end the survey. The research only had data relevant to those 

that worked in a LEED designed school for Research Question 4.    

Summary 

The survey instrument yielded a large sample size with 147 respondents. The data 

collected from the 147 surveys was used to understand the demographic background of the 

respondents: gender, years working in the building, years working in the current area, primary 

work description and years teaching. Although the researcher did not use that data for sub-

categories, that additional data could be used for further research related to this topic. The 

researcher only used data identifying whether the responded worked in a LEED designed school 

or a non-LEED designed school. This data was used to analyze whether the survey responses 

answered the research questions related to the perception of the occupant and the effects the 

physical environment has on learning. 

Research Question 1 analyzed the perception of the occupants in LEED designed 

buildings and non-LEED designed buildings in two ways: their perception related to natural 

lighting reflective of glare, darkness, brightness, adequacy of lighting and whether they would 

change the campus lighting, with N = 70. The researcher analyzed similar data reflective of 

artificial lighting for the same sub-categories, with N = 76. 

Research Question 2 analyzed the perception of the occupants in LEED designed 

buildings and non-LEED designed buildings regarding types of lighting and the visual comfort 

of the building, whether it had no impact/interference or whether it enhanced the space, with N = 

146. 
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Research Question 3 analyzed the perception of the occupants in LEED designed 

buildings and non-LEED designed buildings regarding their health and well-being satisfaction 

for general tiredness, general feeling of stress, irritability, headaches, coughs, nose and throat 

irritation, eyes strain, blurring vision, soreness, with N = 146. 

Research Question 4 analyzed the perception of the occupants in LEED designed 

buildings responding to whether the leadership effectively conveyed elements related to a LEED 

designed building, in regard to visual comfort and lighting types. In addition, the researcher 

analyzed the perception of the occupants in LEED designed buildings responding to whether the 

occupant utilized “lighting and views” from the “9 Foundations of a Healthy Building,” which is 

reflective of visual comfort and lighting types.  
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Chapter 5: Discussion, Conclusions, and Recommendations 

This study examined the perceived comfort the occupants of a LEED designed school 

(compared to non-LEED school building) in New Jersey K12 schools and the effect the design 

has on the learning environment. The research findings addressed the perceptions of the 

occupants related to lighting systems, visual comfort, and health satisfaction in those buildings. 

The research findings further examined occupants of LEED designed schools in relationship to 

the lighting and views associated with the “9 Foundations of a Healthy Building,” with outcomes 

focused on the delivery of instruction and academic goals and objectives. 

Interpretation of the Findings 

Research Question 1 (Natural Lighting) 

For Research Question 1 (glare related to natural lighting) the researcher asked specific 

questions regarding the glare, darkness, brightness, adequacy of lighting, and changes in lighting 

reflective of the respondent’s work area or classroom. As part of the survey questions related to 

lighting, the researcher asked specifically about natural lighting and artificial lighting, analyzing 

the perception of the occupants in LEED designed buildings and non-LEED designed buildings. 

There were 146 respondents to the survey and the researcher was able to separate the data 

comparing LEED and non-LEED schools, specific to the lighting systems within the space.  

 In response to the survey question about glare in the work area or classroom specific to 

natural lighting, respondents in LEED schools reported statistically significantly less glare affect 

compared to non-LEED school occupants. These results indicate that New Jersey LEED 

designed schools, which were constructed using the guidelines of LEED, had an effect on the 

learning by minimizing the glare in the physical environment. The results from the study 

provided statistical evidence that the New Jersey LEED school design, when focused on glare, 
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have a positive effect on the learning environment. These results were supported by Johnson 

(2010), who explained how choosing the lighting fixture location and the room’s color will affect 

the light quality, thus having an effect on the glare within that space.  

In addition to a quantitative statistical difference in relationship to glare and its effect on 

the learning environment, the optional narrative led the researcher to supplemental knowledge. 

Occupants within the study commented on the association with the physical environment in 

regard to instruction that should be considered. One respondent shared, “There are times when it 

is too bright and there are glares.” Another respondent had said, “Minimize the glare and lighting 

a bit so that the overhead and SMART board can be used with lights on fully.” While clearly the 

quantitative results provide evidence that glare in LEED designed schools is controlled better 

than the glare in a non-LEED school, completely controlling all aspects of glare throughout the 

entire day may be challenging. It is important to note that the occupant of the space will have 

some responsibility associated with the glare, as reported by a respondent, “the natural light is 

often what causes the glare. Even with blinds, it is not preventable.”  

With regard to Research Question 1 (darkness related to natural lighting), with a p-value 

of 0.094, there is a statistical difference, comparing those in LEED designed schools to those that 

are not in a LEED school with natural light as in relates to darkness. Those in LEED schools 

reported less effect of darkness compared to non-LEED school occupants. The researchers’ 

analysis of the data has yielded results that are consistent with that of other researchers in the 

field of LEED design schools and the effects those schools have on the perception of the 

occupant, within the surveyed buildings in New Jersey. The occupants of LEED designed 

schools perceived their space’s natural light as being less of an effect compared to non-LEED 

school occupants. These results match research related to lighting and how lighting can impact 
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learning in the classroom, such that teachers find students work and learn more effectively in 

brighter, well-lit spaces. Grocoff (1995) suggested that the lighting system that is used can affect 

the physical environment and the perception of that environment. This evidence brings to light 

that educational leaders must understand the facilities they are responsible for, and work with 

school designers to incorporate lighting systems that will positively affect the learning 

environment. LEED designed schools that encompass classrooms that utilize natural light from a 

skylight and occupants indicating they had control over that lighting, had students’ progress 19-

20% faster academically than those students without those lighting accommodations (Boubekri, 

2008). 

Regarding Research Question 1 (brightness related to natural lighting), when comparing 

those in LEED designed school versus those in non-LEED designed schools, non-LEED school 

occupants reported significantly more challenges with brightness in their classrooms. This 

research regarding the brightness in work areas and classrooms is consistent with decades of 

research comparing LEED school design to non-LEED school designed buildings. It is also clear 

from this research that lighting effects the physical environment. A respondent from a LEED 

designed school indicated “where the lighting is placed compared to the board and the option to 

dim the lights as well,” was important. While one respondent from a non-LEED school 

indicated, “Darker shades, more windows,” with another responding that “the shades at the high 

school do not block the light. It is too bright to see the board, especially when showing videos.” 

This research validates that LEED design standards (in relationship to controlling lighting) have 

better perceived benefits than those in non-LEED designed schools.   

With respect to Research Question 1 (adequate lighting related natural lighting), with a p-

value of 0.373, there is no statistical difference, between LEED designed school and non-LEED 
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designed schools, with regard to the adequacy of lighting related to natural light in those 

buildings. While the evidence does not show a statistically significant difference associated with 

the adequacy of natural lighting in the space, research strongly suggests that daylighting is 

important and that there is an affect when increasing the windows and skylights in the physical 

environment (Heschong, 2002). Further, many researchers have found that when developing 

school facilities, incorporating daylighting into designs has shown to assist in students’ learning 

(Pulay, 2010). While this research did not yield the results expected by the researcher, one reason 

for there not being a significant difference regarding the outcome of the collected data could be 

based on the respondents’ knowledge of adequate lighting for a work area or classroom. 

Regarding Research Question 1 (changing the natural lighting on campus), with a p-value 

of 0.229, there was no statistical difference between LEED and non-LEED designed schools, 

related to making changes to the natural lighting on campus. While the analyzed data does not 

support that respondents would make changes to their current lighting in their work area or 

classroom related to natural lighting, a respondent in a LEED designed school did indicate 

changes they would make to their campus, “more natural lighting; better lighting in lab room; 

better lighting in cafeteria.” While the research does not support making changes in the lighting 

between LEED and non-LEED designed schools related to natural lighting, this may be based on 

the specific orientation of the building per the schools surveyed. In a study by Theodorson 

(2008), she revealed that the orientation of the building can be a factor in the how occupants 

manage those spaces. This was most evident in the use of daylighting controls (i.e. interior 

shades). Researchers found that teachers in southern facing parts of a building utilized the 

shading systems more frequently than those in a northern facing part of a building (Theodorson 

2008). The ability to readily control such systems in the schools may have contributed to the lack 
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of a statistical difference. Respondent’s understanding of what changes would entail was not 

gathered, meaning that detailed information regarding their knowledge base regarding natural 

lighting systems was not collected. 

Research Question 1 (Artificial Lighting) 

 

With respect to Research Question 1 (glare related to artificial lighting), with a p-value of 

0.631, there was no statistical difference between LEED designed schools and non-LEED 

designed schools, as it relates to the effects of glare from artificial lighting. While there is no 

significant difference comparing artificial light glare in work areas or classrooms for LEED 

designed schools and non-LEED designed schools in this study, there is significant literature that 

continues to support glare being a factor in non-LEED schools. There is evidence as far back as 

1995, indicating that not all lighting is created equal. Grocoff (1995) denoted that there are 

electric lighting systems and daylighting systems that suggests these light forms as different. 

While this particular study does not yield significant results comparing artificial lighting in 

LEED designed schools to non-LEED designed schools, there is research that continues to 

support the differences in relationship to artificial lighting glare. Grocoff (1995) suggested 

lighting systems can have an effect on the physical environment and the perception the occupant 

has in that environment. Therefore, educational leaders have a responsibility to examine all 

aspects of lighting systems when designing work areas or classrooms. So, while the survey 

results do not show a statistically significant difference, the data collected can be perceived as 

meaningful overall. 

Regarding Research Question 1 (darkness related to artificial lighting), with a p-value of 

0.631, there was no statistical difference between those in a LEED designed schools and those 

that are not in LEED designed schools, as it relates to the effects of glare from artificial lighting. 
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While there is no statistical significance of the data in regard to darkness as it relates to artificial 

light, one occupant shared their thoughts on the topic. A respondent in a non-LEED school 

design suggested, “It would be nice if we could have multiple switches in our rooms to control 

how little/how much lighting is in our room. Depending on the light coming in from outside, no 

lights on in the classroom (due to overhead use) can get dark and having all light” on in the 

classroom. Another respondent in a non-LEED school design indicated, “I would like to be able 

to turn off some of the lights as it is either very dark or like an operating room.” These 

qualitative statements suggest that there could be some level of significance had those schools 

incorporated LEED standards.  

With respect to Research Question 1 (brightness related to artificial lighting), with a p-

value of 0.490, when comparing those in a LEED designed school to those in non-LEED 

designed schools, there was no statistical difference regarding the effect of brightness reflective 

of artificial lighting in the building. While there is no statistical difference, the research 

concluded the perception of brightness by the occupant of the space could be interpreted, such 

that the control of the lights simply needs to be adjusted. One respondent from a LEED designed 

school reported “It is hard to see videos or images on the Promethean Board. It is too bright.” 

With reference to Research Question 1 (adequate lighting related to artificial lighting), 

with a p-value of 0.373, there is no statistical difference between LEED designed school and 

non-LEED designed schools, with regard to the adequacy of lighting related to artificial light in 

those buildings. While there is no statistical difference reported in regard to the adequacy of 

artificial lighting in the occupant’s space, the data revealed that there is an abundance of light in 

specific LEED designed schools. One respondent shared that having “the ability to decide how 

much light, and what lights can be on or off” is important. While another respondent indicated, 
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“the lighting in the CST office provides no natural light. There are no windows. There are 2 

separate lighting options, but with both inset lights on it is way too bright. With only the one set 

of inset lights on it is too dark.” This particular comment implies that the lighting affects the 

occupants’ light adequacy in relationship to their health and well-being. 

Regarding Research Question 1 (changing the artificial lighting on campus), while the p-

value is not significant it can be perceived as a meaningful change, as it relates to changing 

campus lighting , with those in LEED buildings reporting a higher importance in changing the 

artificial lighting on campus versus non-LEED occupants. The researcher anticipated that the 

data would have been different, with non-LEED designed school respondents suggesting a 

change in their lighting systems would improve their perception of the space. Though the 

researcher expected different results, the respondents may not have knowledge of how the 

lighting could be changed on campus. Lighting systems continue to develop, and traditional 

fluorescent lights are being replaced with light-emitting diodes (LEDs) at rapid rates (Harvard, 

2017). Those in newer LEED designed buildings may already have this new technology, while 

those in an older LEED designed building may have not been upgraded to the new technology. 

In a Harvard (2017) report, traditional fluorescent lights have been replaced over the past decade 

with light-emitting diodes (LEDs) which emit minimal heat and have a great cost-saving benefit. 

Without this knowledge, those in the study may not have been able to answer the questions 

appropriately.  

Research Question 2 (Visual Comfort) 

With respect to Research Question 2, with a p-value of 0.006, this indicates there is a 

pronounced significant difference with those in LEED designed schools having increased visual 

comfort verses non-LEED designed schools. LEED school occupants reported significantly 

higher visual comfort as it relates to overall (glare, darkness, brightness, adequate amount of 
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natural or artificial) lighting on campus comparatively to non-LEED school occupants. Visual 

comfort is an area associated with LEED design schools that is a significant element when 

developing school facilities. Educational leaders have a responsibility to their districts and their 

communities to be accountable to the students. This research supports other research in the field, 

identifying that well-designed school facilities, in conjunction with understanding the occupants’ 

potential perception of the space, will have a better outcome not only on the overall design, but 

the academic success of the students. While the this research reveals visual comfort is enhanced 

greater in LEED design schools compared to non-LEED design schools, educational leaders and 

designers must take under advisement all aspects of LEED when selecting lighting systems in the 

development of the facility. As one respondent shared, “I would like to have non-overhead 

lighting (softer) options, in addition to the overhead and natural which already exist.” While 

another respondent suggests, “I would have a slightly less bright option, maybe involving non-

overhead lighting, or the ability to turn off certain lights while leaving others on.”  

This research further supports previous research indicating that a well-planned 

daylighting system needs to have balanced, diffused, glare-free daylight from two or more 

directions (Pulay, 2010). Further, the level of light needs to be appropriate, while the light source 

needs to be sufficient (Pulay, 2010). This research indicates that LEED design schools are able to 

support higher levels of visual comfort, such that it is critical to the learning process. This is 

supported by other research demonstrating that valid visual comfort metrics will help in the 

decision-making process of the designers, allowing for optimized choices among the design 

solutions (Zomorodian, 2019). Zomorodian further suggested these efforts will allow for a full 

range of façade designs aimed at balancing daylight penetrations and visual comfort. 
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Research Question 3 (Health and Well-Being) 

Regarding Research Question 3 (general tiredness), with a p-value of 0.731, those in 

LEED schools compared to non-LEED schools, reported no difference in health and well-being. 

While this was not intended by the researcher, these results may be due to teachers not 

understanding healthy building conditions as thoroughly. While there is no significant difference 

found in this study, Heschong (2002) suggested there are three methods associated with daylight 

mechanisms that improves human performance, allowing occupants to be healthier. These 

potential pathways are increased visibility, enhanced mood, and improved health; all of which 

researchers are investigating to better understand occupant perception (Heschong, 2002). 

With respect to Research Question 3 (general feelings of stress), statistically, with a p-

value of 0.394, there is no significant difference in the perceived feeling of stress for those in 

LEED designed school capered to those in non-LEED designed schools. Though there is no 

significant difference indicated from the survey data, it is clear from research related to student 

well-being that the physical environment is a critical factor to learning process for staff and 

students. Zomorodian and Tahsildoost (2019) demonstrated that comfort in school building is 

important, being that comfortability is a direct link to the students’ well-being and learning 

process. Moreover, Boubekri (2008) shared how natural light considerably influences the 

cognitive abilities of students. The literature exhibits how natural light reduces poor health and 

psychological factors, as seen in Table 1, which exhibits a reduction in fatigue and stress in the 

area of psychological factors. Boubekri’s (2008) study results showed when comparing 

maximum daylight classrooms to minimum daylight classrooms, student math performance 

increased by 20% and reading by 26%. Additionally, classrooms with maximum window areas 

were related to 19% and 20% greater reading and math test scores (Boubekri, 2008). 
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In reference to Research Question 3 (irritability), with a p-value of 0.571, there is no 

significant difference related to the occupants’ irritability when comparing LEED and non-LEED 

designed school occupants. While the research in this study does not yield a significant 

difference in the health and well-being of the occupant relevant to irritability in LEED designed 

schools versus non-LEED designed schools, there is literature that supports this notion. Boubekri 

(2008) demonstrated how natural light reduces poor health and psychological factors, while 

Earthman and Lemasters (2009) examined how when a building is rated environmentally good or 

poor, staff’s feelings and attitudes reflected the physical spaces. They also revealed a host of 

items related to the health and well-being of the occupant. He found that with high rates of 

absenteeism, lower levels of effort, and decline in classroom effectiveness, and lower morale and 

job satisfaction are possible effects based on poor working conditions. 

With regard to Research Question 3 (headaches), there is no statistical difference between 

those in LEED designed schools and those in non-LEED designed schools, related to their 

perceived health and well-being in terms of headaches. Although not statistically significant in 

this study, there is a great deal of research that indicates the physical condition of the building 

effects the health and well-being of the occupants, specifically headaches. While the survey 

results do not support the current research, it should be noted that those in LEED designed 

schools feel their work area or classroom has caused challenging heath concerns. With one 

respondent indicating “I suffer from migraines and find that the lighting in my classroom makes 

them worse.” In a study by Grocoff (1995) it was revealed, while lower in cost, prismatic lenses 

caused more health issues in students and teachers, such as headaches and visual fatigue than 

with other electric lighting systems. In turn, occupants of these spaces had lower levels of 

performance and concentration. The literature indicated that providing appropriate windows and 
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skylights would minimize challenges occupants have with health-related issues, particularly 

headaches. As indicated by one respondent in the study, “My room has no windows or skylight. 

The harshness of the lighting can cause headaches.” 

Regarding Research Question 3 (coughs), statistically, with a p-value of 0.678, those in 

LEED designed schools compared to non-LEED designed schools, it was reported there was no 

significant difference in occupants’ perceived health and well-being as it relates to coughs. 

Although the research in this study does not yield a significant difference, research shows that 

Indoor Environmental Quality (IEQ) plays a significant role in a healthy building and the 

building’s environment in relationship to the health and wellbeing of those in that space. The 

evidence reveals that lighting, air quality, and damp conditions have an effect on the occupants 

of the physical environment. 

With respect to Research Question 3 (nose and throat irritations), with a p-value of 0.788, 

comparing those in LEED designed schools to those that are not in LEED designed schools, 

there is no statistical deference regarding the perception of the occupants’ nose and throat 

irritations. Although nose and throat irritation as perceived by the occupant did not lend 

significant results, the Indoor Environmental Quality (IEQ) plays a significant role in a healthy 

building and the building’s environment in relationship to the health and well-being of those in 

that space. 

In reference to Research Question 3 (eye strain), with a p-value 0.406, there is no 

perceived significance regarding eye strain as it relates to health and well-being of the occupant, 

when comparing those in LEED designed schools to those in non-LEED designed schools. While 

there is no significant difference, one respondent in a LEED designed schools indicated “I have 
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zero natural lighting in my classroom and I spend at least 10 hours a day in there- the lighting 

starts to hurt my eyes a lot by the end of the day.” 

Regarding Research Question 3 (blurring vision), with a p-value of 0.435, there no 

significant difference when comparing those in LEED designed schools and those in non-LEED 

designed schools relevant to the occupant’s perception of blurred vision. The researcher did not 

anticipate the lack of difference. Current literature shows occupants’ perception of the work area 

or classroom affects vision. When incorporating operable shading devices there was a reduction 

in the light intensity for the computer screens, which had effect on vision in the work area or 

classroom enhancing visual comfort (Pulay, 2010). Further, Grocoff (1995) suggested while 

lower in cost, prismatic lenses caused visual fatigue rather than other electric lighting systems 

more prevalent in new LEED designed schools.  

With respect to Research Question 3 (eye irritations), statistically, with a p-value of 

0.747, those in LEED design schools compared to those in non-LEED schools, reported no 

significant difference in eye irritation. A respondent in a LEED school indicated “natural light in 

my work area would be beneficial for my elderly eyes. Sometimes I struggle because my eyes 

get fatigued.” 

With regard to Research Question 3 (soreness), with a p-value of 0.721, there is no 

significant difference when comparing those in LEED designed schools to those that are not in 

LEED designed schools, related to the perception of teachers’ regarding soreness. 

Research Question 4 (Visual Comfort) 

In reference to Research Question 4 (delivered effectively principles and concepts of 

LEED standards), with a p-value of 0.074, there was statistical significance for those reporting 

an understanding of the principles and concepts of a LEED school related to delivery of 

instruction associated with visual comfort. The researcher’s data regarding the effectiveness of 
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the delivery of instruction (related to the concepts of LEED school buildings and how that effects 

learning) is consistent with the current research. The current research suggests that the visual 

comfort in conjunction with the building being a tool for learning will allow for students to 

understand the importance of substantiality. This research has yielded results that are consistent 

with current research, indicating that educational leaders need to continue to understand and 

convey the importance of the principles and concepts of LEED design and the benefits associated 

with it relevant to visual comfort. This is evident with current research indicating that “Green” 

(GREEN citation) schools can be a learning lab. While this research supports occupants 

effectively understanding the principles associated with solely LEED schools, one LEED school 

respondent shared, "This survey is how I learned of the concept,” indicating this survey was how 

they gained knowledge of the LEED standards. 

Regarding Research Question 4 (the benefits of principles and concepts of LEED 

standards), with a p-value of 0.033, there is a statistically significant difference when comparing 

enhanced visual comfort to no impact to visual comfort. Occupants reported effectively 

understanding the benefits of principles and concepts of LEED standards related to delivery of 

instruction associated with visual comfort. This research has shown that statistically occupants 

understand the concepts of how visual comfort effects the delivery of instruction. How one 

processes visual elements has a direct link to the development of people. Mirrahimi et al. (2013) 

demonstrated that daylight effects student learning and should be considered in the design of 

school buildings. Further, this research concurs with research that supports the reduction of 

health and specific psychological factors while improving learning achievement as illustrated in 

Table 1. This is supported by research published by the Journal of Environmental Psychology, 

which cited reasons in support of windows in the classroom. There is a biological need for 
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windows, providing the necessary relief and a soft distraction for those in the space (Küller & 

Lindsten, 1992). This is also further validated by a respondent indicating, “Workshops are 

conducted to educate the educators on the matter.” 

With respect to research question four (strong emphasis placed on good stewardship), 

with a p-value of 0.007, there is a profound statistically significant difference when comparing 

those in LEED designed building reporting effectively understanding the benefits of good 

stewardship of LEED standards related to delivery of instruction, associated with visual comfort. 

The researcher’s data supports, statistically, that the enhancement of the visual comfort in LEED 

schools is consistent with other research. This is evident in a study by Theodorson (2008), where 

she examined the impact the orientation of the building and how the occupant’s comfort was 

perceived and the delivery of the instruction as it relates to the daylighting in the space. 

Ultimately it resulted in those buildings developing the concept of good stewardship to the 

environment, as it related to their building’s standards. This is supported by one respondent 

indicating, “We are keeping up with all the changes in the environment. We are doing a really 

good job conserving energy.” 

In regard to Research Question 4 (positively impacted academic achievement), 

statistically, with a p-value of 0.005, there is a pronounced statistical significance between 

enhanced visual comfort and no impact to visual comfort, for those reporting visual comfort had 

a positive impact on learning. This research showed meaningful significance that the visual 

comfort of a building is paramount, regarding the positive impact that comfort has on learning. A 

respondent to the study further expressed that “the amount of natural light throughout the 

building benefits the mood and behavior of the students, thus providing a positive impact on 

academics.” This is reinforced by a study by Phillips (2016), where he examined the effects 
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LEED designed schools in Texas had on the physical environment, and how those schools 

effected the overall learning environment. Similarly, in an earlier study by Marble (2014), he 

focused on Virginia schools in regard to the “Implementation and Practices of Environmental 

Education” of LEED. Both studies concluded that visual comfort in LEED schools has a 

statistically significant positive impact on learning (Marable, 2014; Phillips, 2016). 

Research Question 4 (Lighting Types) 

With respect to research question four (delivered effectively principles and concepts of 

LEED standards), with a p-value of 0.296, there was no statistical significance when comparing 

natural lighting and artificial lighting for those reporting effectively understanding the principles 

and concepts of a LEED school related to delivery of instruction. It is clear from the literature 

that occupants can benefit from those principles and should be considered when designing spaces 

to lower life-cycle cost (Grocoff, 1995). Further, the research has shown that the “explanation of 

lighting system” as a concept was lacking, as indicated by one respondent.  

Regarding Research Question 4 (the benefits of principles and concepts of LEED 

standards), with a p-value of 0.259, there was no statistical difference when comparing natural 

lighting compared to artificial lighting for those reporting effectively understanding the benefits 

of principles and concepts of LEED standards as it relates to the delivery of instruction 

associated with lighting types. From a statistical perspective, the results can be perceived as 

meaningful, but not significant. The research has demonstrated that specific lighting types are 

not perceived as significant when understanding the benefits of lighting types, in relationship to 

delivering instruction. While statistical significance was not indicated, the professional 

development and curriculum are areas that should continue to be explored. As educational 

leaders, it is important to model the expectations of those under our leadership. While the data of 
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this study does not support what was expected, further research could expand on this area of 

study. 

With respect to Research Question 4 (strong emphasis placed on good stewardship), with 

a p-value of 0.257, there was no significant difference when comparing natural lighting to 

artificial lighting for those in LEED designed building reporting effectively understanding the 

benefits of good stewardship of LEED standards related to delivery of instruction associated with 

lighting types. While this study does not statistically indicate understanding lighting systems to 

be related to being good stewards of our communities, there is value to the topic in the literature. 

Research has shown that students constantly exposed to dim lighting and windowless classrooms 

that have inadequate air circulation (less than 15 cubic feet per minute per person), are expected 

to perform poorly on various standardized measures of success (Tanner, 2013). One respondent 

of the study indicated, “We are all working together the entire school community. The main 

objective is learning developing better students and citizens continue doing that as a team our 

entire community will be a better place to live and learn.” As the data approaches significance, 

the research does support that being good stewards of our environment is a community effort and 

that it is necessary to include educational leaders.  

In regard to Research Question 4 (positively impacted academic achievement), 

statistically, with a p-value of 0.134, as the p-value is approaching significance, there can be a 

perceived meaningful difference between natural lighting and artificial lighting impacting 

academic achievement. The data indicated that there was a meaningful difference in occupants 

reporting natural lighting as having a greater positive impact on academic achievement in 

comparison to artificial lighting. While lighting types in this study did not show a significant 

statistical difference associated with a positive impact on learning, a respondent stated, “Bright 
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lit comfortable classroom leads to bright minds and energy in the room,” demonstrating that 

lighting systems do have an impact on learning, just not one that is statistically significant. While 

the study results do not show a significant statistical difference between lighting types having an 

impact on learning, other research has found that incorporating daylighting methods into the 

design of the building is shown to develop student learning (Yacan, 2014). However, it is also 

noted that different types of illumination must be carefully incorporated into the building design 

(Yacan, 2014). 

Research Question 4 (9 Foundations Related to Visual Comfort) 

Regarding Research Question 4, with a p-value of 0.435, when comparing enhanced 

visual comfort to no impact to visual comfort in LEED designed schools (as it relates to the “9 

Foundations of a Healthy Building”) there was no statistically significant difference when 

developing lesson plan related to visual comfort. Although there is not a statistical significance 

regarding visual comfort as it relates to incorporating the “9 Foundations of a Healthy Building” 

into student instruction, one respondent shared an inspiring comment as it relates to student 

learning. Allen et al. (2017) stated, “Proper energy in the classroom lighting ventilation and 

clean classrooms translates to energy to the students which results in a fun exciting energetic 

learning environment.” 

With respect to research question four, while the p-value is approaching a level of 

significance as it relates to meeting goals and objectives, there was no statistical difference when 

comparing enhanced visual comfort to no impact to visual comfort in LEED designed schools. 

Thus, occupants indicated that there is no difference in enhancing visual comfort as it relates to 

the 9 Foundations of a Healthy for LEED designed schools. Though, it is clear from research that 

“green schools” can provide teachable moments by implementing sustainable curriculum that is 

interdisciplinary, expands STEM content knowledge, and develops civic engagement and 
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thinking skills (U.S. Department of Education, 2014). While the data did not reach significance, 

one respondent shared in the survey, “Green schools are best and create a healthy atmosphere, 

ours could be a bit better and healthier.” 

Research Question 4 (9 Foundations Related to Visual Comfort) 

In reference to Research Question 4, with a p-value of 0.086, when comparing natural 

lighting to artificial lighting in LEED designed schools, there was statistical significance 

reported relevant to developing lesson plan related to lighting types, as it relates to the “9 

Foundations of a Healthy Building.” This research demonstrates that lighting concepts were 

incorporated into the lessons at a significant rate, such that a focus on healthy building increases 

student development associated with sustainable curriculum. This is evident with one respondent 

(who happened to be a health teacher) reporting that “kids actively ask me questions...so, it is 

discussed.” This statement indicates that healthy buildings are directly a part of the teacher’s 

lesson development. Further, a report from Schools for Health: Foundations for Student Success, 

indicated appropriate lighting in school is important, highlighting it must be of good-quality and 

task-appropriate (Eitland et al, 2017). Further, this research demonstrates designers must develop 

a foundation for student learning when designing buildings since many classroom activities, such 

as reading and writing, are visually relevant.  

Regarding Research Question 4, with a p value of 0.119, while the p-value is not 

significant, it is approaching significance. This indicates that when comparing natural lighting to 

artificial lighting in LEED designed schools, natural light is not significantly reported as an 

important factor to meeting goals and objectives of lesson plans. Although there is not a 

significant difference in the data, it is clear that educational leadership has an obligation to 

further educate the occupant (i.e. teacher). As one respondent shared, they “need more tours and 

tour guides explaining it to the kids....big building...right now, we discuss in class.” Moreover, 



LEADERSHIP IN ENERGY AND ENVIRONMENTAL DESIGN    90 

 

educational leaders must understand that students constantly exposed to environments that are 

not reflective of the “9 Foundations of a Healthy Building” are expected to perform at less 

desirable rates on various standardized measures of success (Tanner, 2013). 

Limitations of the Study 

Limitations for this study include the number of newly constructed school buildings in 

New Jersey, since most of the construction projects in school districts in New Jersey are related 

to renovations and remodeling versus newly constructed buildings. Not to mention, while a 

number of schools did choose to participate, using this process of gaining permission from the 

superintendent may have led to a limited the number of respondents for the study. Additionally, 

of those superintendents granting permission to conduct the survey, the study only analyzed the 

“teacher’s perception,” without consideration to the other personnel respondents.  

 In regard to the survey questions themselves, some teachers may not know or recognize 

that they work in a LEED or non-LEED design building. Therefore, their responses may be 

skewed as a result. Also, no consideration was given to the overall experience of the respondent 

as to whether or not they had the knowledge to answer the question accurately. In addition, when 

respondents indicated they do not work in a LEED designed building, or they indicated they 

were unsure if they are working in a LEED designed building, they did not have the opportunity 

to answer a portion of the survey related to the delivery of instruction. Only LEED school 

occupants were able to answer survey questions about delivery of instruction. As a result, there 

was not data on delivery of instruction from those that are in non-LEED designed buildings to 

make a comparison to LEED schools. Statistical analysis was only completed for LEED schools 

as it relates to delivery of instruction, such that data collected that responds to Research Question 

4 will only come from those that work in a LEED designed building. 
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 Further, in order to gain knowledge of teacher’s understanding of the components of a 

healthy building the survey referred to the “9 Foundations of a Healthy Building.” Respondents 

may have limited knowledge of the “9 Foundations of a Healthy Building,” and therefore, may 

not be able to successfully answer the questions as well. While the survey delivery model was 

valuable to collect larger amounts of data, no consideration was given to the personal knowledge 

a respondent may have to determine if they work in a LEED designed building or whether they 

knew the standards around the design of that building (Allen et al., 2017).  

Implications for Practice 

 Although this study was specific to New Jersey newly constructed K-12 school buildings 

over the past 10 years, this research is beneficial to educational leaders nationally and 

worldwide. LEED standards, while focused mainly on the United States, is a practice throughout 

the world. There are similar policies and practices throughout the globe that are reflective of 

LEED, an example of such a practice is Building Research Establishment Environmental 

Assessment Method (BREEAM), a similar sustainability (green) system predominantly in the 

United Kingdom. Educational leaders also have a responsibility to their students. That 

responsibility is to ensure students reach their fullest potential and grow into productive citizens. 

They also have the responsibility of creating an environment that is conducive to learning, 

coupled with being fiscally responsible to the community at large.  

 These three responsibilities of educational leaders are why this research is vital. This 

research, along with other prior research on this topic, has proven occupant satisfaction is critical 

to academic success to those in environments. The environments must be reflective of lighting 

and views that benefit the visual comfort, health, and well-being of its occupants, not to mention 

consider how those elements effect learning. The researcher has demonstrated, through 
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validation of prior research and his own data collected that a positive perception of the physical 

environment that teachers and students occupy has a profound effect on learning.  

 Further, while educational leaders are faced with the challenges of school funding, while 

still providing the appropriate resources for the staff and students, they often make decisions 

short term. They make decisions without recognizing the long-term effects of their decisions for 

their building occupants. This is evident when stakeholders create short-term value engineering 

decisions regarding material and equipment associated with facility projects, causing a long-term 

effect on the life cycle of the building. 

 This research will also allow educational leaders an appropriate knowledge basis, when 

entering into future construction projects, whether new building construction or alterations 

and/or renovations to an existing building. When convening a design team, which includes but is 

not limited to; design professionals, administration, staff, students, board of education members, 

and the community at large, they can use this research as a basis for sound decision making.  

It is important to involve all stakeholders in the process. However, educational leaders 

must involve teachers and students at the beginning of the design process, helping them 

understand the benefits LEED standards have on student performance. 

Further, by involving the end user (staff and students), educational leaders can emphasis 

the importance of the facility becoming a learning lab. Allowing teachers the opportunity to 

turnkey the concepts and incorporating those concepts in the delivery of instruction, will allow 

for a culture of environmental stewardship. Ultimately creating an environment that has an 

impact on learning and the community simultaneously. 
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Recommendations 

 While this research is informative and provides a valuable data for educational leaders to 

use in their daily practice. This research is a foundation for future research, the following are the 

researcher’s recommendations for further examination. 

 With regard to health satisfaction for occupants in a LEED designed building compared 

to a non-LEED designed building, this research focused on the health and well-being of the 

respondent and their perceived feelings related to specific areas associated with the health of the 

occupant. In further studies related to health satisfaction, it would be important to examine the 

knowledge the occupant has regarding the elements associated with a health and an 

environmentally sustainable building. This is evident in Earthman’s (2009) research where he 

examined the perception of occupant’s in buildings that were rated environmentally good or 

poor. Hence, understanding the knowledge of the occupant has regarding the condition of their 

building. This would be important to consider when comparing those in LEED and non-LEED 

designed schools, which will hopefully yield more detailed data around the perception of the 

occupant’s health satisfaction. 

 The researcher gathered and analyzed data associated with the elements and standards 

focused around the “9 Foundations of a Healthy Building,” specifically how those elements can 

be utilized as a spring board for curriculum and instruction associated with sustainable (Green) 

buildings, allowing the occupants of the building to become good stewards of their community. 

While this was beneficial, sustainable (green) schools lend themselves to be great teaching tools. 

The researcher would recommend further studies related to the delivery of instruction related to 

sustainable (green) LEED design schools and the benefits of the building being a teaching tool. 
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 While the survey asked questions referring to the “9 Foundations of a Healthy Building,” 

the researcher would recommend further research in this area. LEED school design has been 

researched for decades, and the recent development of the “9 Foundations of a Healthy 

Building,” is fairly new in the school construction arena, which bodes itself to be difficult to ask 

questions about in a survey with respondents who have limited knowledge on its principles 

(Allen et al., 2017). The researcher asked general questions regarding the “9 Foundations,” with 

little or no understanding of the occupant’s knowledge base in this area. A screening for 

understanding of concepts as they relate to the topics of lighting and views would be beneficial 

to get a greater picture of respondents’ understanding. With asking specific questions about 

glare, darkness, brightness, etc. there may be much greater differences in responses when 

understanding LEED standards as a model and how educational leaders can utilize those results. 

 While this research compared those in LEED designed schools and those in non-LEED 

designed schools, the respondents were asked to determine if they were in a LEED designed 

school by their own knowledge base. The researcher would recommend having a separate 

Google link and survey those in LEED designed schools and those in non-LEED designed 

schools using the same questions. However, not giving them a choice and analyze the data to see 

if the results are statistically different based on whether they are in a LEED design school 

without prompting them to identify whether they work in one or not. 

 While this research focuses on new school building construction in New Jersey, there are 

a great deal of alterations and/or renovations throughout New Jersey K-12 districts that are 

within existing buildings. The researcher recommends case study research, with similar survey 

questions, focused on lighting and views. The case study should be based on select K-12 schools 
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that completed alterations and/or renovations in buildings over specific number of years to see if 

there is a perceived difference of occupant satisfaction in specific areas of the building. 

Conclusion 

The research has answered some questions from the findings, while leaving others 

unanswered as it relates to LEED designed schools in New Jersey K-12 districts. The 

researcher’s findings have yielded results as expected to lighting types and preferences in the 

educational environment. The results have indicated that when comparing LEED designed 

schools to non-LEED designed schools, lighting and visual comfort show statistical differences 

between those groups. However, when comparing those same groups, as it relates to health 

satisfaction, there was no statistical differences between those in LEED and non-LEED designed 

schools. While there were no statistical differences, the data analysis did reveal some areas of 

health satisfaction were approaching meaningful difference.  

As for the delivery of instruction in LEED designed schools, and the effect those 

environments had on learning, the data provided some insight into the perceptions of its 

occupants. The research data collected did expose some statistical differences when comparing 

visual comfort and lighting types, as it relates to delivery of instruction and the instruction 

reflective of the 9 Foundations of a Healthy Building. It also revealed unanticipated results, such 

that the expected effects LEED standards have on learning were not represented in this study. 

Therefore, continued research and study, with consideration to the above recommendations is 

necessary to build upon the LEED design standards associated with the “9 Foundation of a 

Healthy Building.”  
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Appendix A  

Earthman and Lemasters 2011 

 

Figure 3. Model showing the relationship between student achievement and behavior and school 

building condition. Reprinted from “The Influence of School Building Conditions on Students 

and Teachers: A Theory-Based Research Program (1993-2011),” by G. I. Earthman and L. K. 

Lemasters, 2011, The ACEF Journal, 1(1), p. 18. Copyright 2011 by the American 

Clearinghouse on Educational Facilities.   
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Appendix B  

Harvard Study 

 

 

 

 

 

  

 

Figure 4. Student health, thinking, performance. Reprinted from The 9 Foundations of A Healthy 

Building by Allen, J. G. et al., 2017. Copyright by the Harvard T.H. Chan School of Public 

Health.  
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Appendix C  

Carlucci, Causone, & Rose 2015 
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Figure 5. Reprinted from “A Review of Indices for Assessing Visual Comfort With a View to 

Their Use in Optimization Processes to Support Building Integrated Design,” by S. Carlucci, F. 

Causone, F. D. Rosa, and L. Pagliano, 2015, Renewable and Sustainable Energy Reviews, 47. 

Copyright by Elsevier. 
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Appendix D 

Earthman and Lemasters Table 

Table 24.  

Teacher Attitudes about Classroom Conditions  

 

When asked, teachers respond. 

 
Satisfactory 

schools 
(%) 

Unsatisfactory 
schools (%) 

My classroom is well lighted Agree 90.3 72.2 

 Disagree 7.6 24.1 

The air quality is good Agree 68.1 27.8 

 Disagree 22.2 57.4 

Graffiti negatively affects students Agree 15.9 31.7 

 Disagree 47.5 41.8 

Have sufficient wall space Agree 82.6 69.1 

 Disagree 14.2 27.3 

Equipment is in good condition Agree 88.3 57.5 

 Disagree 11.7 29.6 

Physical attributes attractive Agree 76.6 27.8 

 Disagree 11.7 48.1 

Classroom is too hot in Spring Agree 23.2 60.0 

 Disagree 55.7 21.8 

Would like to change physical features Agree 61.1 81.1 

 Disagree 43.1 9.1 

Ceiling leaks Agree 3.3 23.6 

 Disagree 90.4 65.5 

Desks are in good condition Agree 80.8 47.3 

 Disagree 14.4 34.5 

School is in good location Agree 87.1 56.3 

 Disagree 6.5 25.5 

Note: Percentages do not equal 100% because of neutral responses. Adapted from The Influence 

of School Building Conditions on Students and Teachers: A Theory-Based Research Program 

(1993-2011),” by G. I. Earthman and L. K. Lemasters, 2011, The ACEF Journal, 1(1). Copyright 

2011 by the American Clearinghouse on Educational Facilities. 
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Appendix E 

Google Survey 
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Appendix F  

Phillips Survey 2016 

Green Building Benefits and Occupant Satisfaction Survey Background 

1. How many years have you worked in this building?   

 

Less than 1 year      

1-2 years  

3-5 years  

More than 5 years  

 

2. How long have you been working at your present work area?  

 

Less than 3 months  

4-6 months  

7-12 months  

More than 1 year  

 

3. In a typical week, how many hours do you spend in your work area?  

 

10 or less  

10-30  

31-40  

More than 40  

 

4. How would you describe the primary work you do?  
 

Administrator  

Counselor 

Custodial 

Teacher 

Administrative Assistant  

Security 

Other, please explain, ________________ 

 

5. What is your age?  

 

Under 30 years  

30 to 40 years  

41 to 50 years  

51 to 60 years  

Over 60 years  

 

5. How many years have you been certified to teach? 

 

1-5 
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5-10 

10-20 

20 or more 

 

6. Were you aware that you worked in a LEED certified school building? 

 

Yes 

No  

 

7. On a seven point scale how familiar are with LEED for Schools?   (Strongly disagree- 

neutral- to Strongly agree) 

 

Indoor Environmental Quality Satisfaction 

 

In my work area, I can personally adjust or control the following. (check all that apply)  

 

a. Day-light level (i.e., with window blinds or shades)  

b. Electric light level (i.e., with a switch or dimmer)  

c. Air supply temperature (i.e., with a thermostat)  

d. Air supply volume and/or direction (i.e., with an adjustable vent)  

e. None of the above  

f. Other  

 

The following question use a 7 point scale (Strongly disagree- neutral- to Strongly agree) 

  

During warmer weather, I am satisfied with the temperature in my work area or 

classroom.  

 

During cooler weather, I am satisfied with the temperature in my work area or classroom.  

 

 I am generally satisfied with the temperature in my work area or classroom.  

 

During warmer weather, I believe the air is too humid in my work area or classroom.  

  

During cooler weather, I believe the air is too dry in my work area or classroom.  

  

I am generally satisfied with the relative humidity in my work area or classroom.  

  

During warmer weather, I am satisfied with the air flow speed (not too drafty or too 

stagnant) in my work area or classroom.  

  

During cooler weather, I am satisfied with the air flow speed ( not too drafty or too 

stagnant) in my work area or classroom.  

  

I am generally satisfied with the air flow speed (not too drafty or too stagnant) in my 

work area or classroom.  
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Recalling the previous questions related to temperature, relative humidity,  and air flow 

speed, I am generally satisfied with the thermal comfort in my work area or classroom.  

 

Air Quality 

 

The following questions us a 7 point scale (strongly disagree- neutral- strongly agreed)  

 

I believe the air is not stuffy/stale.  

  

I believe the air is clean.  

  

I believe the air generally is free of odors.  

 

I am generally satisfied with the air quality in my work area or classroom (i.e., 

stuffy/stale air, cleanliness, odor)  

 

Lighting 

 

1. What type of lighting is provided at your work area? (check all that apply)  

 

a. Day lighting  

b. Overhead lighting  

c. Task lighting  

 

The following questions us a 7 point scale (strongly disagree- neutral- strongly  agreed)  

 

 

There is no problem with glare in my work area or classroom.  

 

It is no too dark in my work area or classroom.  

 

It is not too bright in my work area or classroom.  

 

There is an adequate amount of day-light in my work area or classroom.  

 

There is an adequate amount of electric light in my work area or classroom.  

 

Considering the previous items, how generally satisfied are you with the visual comfort 

of the lighting (e.g., light, glare, reflections, contrast)?  

 

Overall, does the visual comfort enhance or interfere with your ability to get your job 

done?  

Effect on your productivity at work 

 

(7 point scale- negative effect, no effect, positive effect, don’t know/NA)  
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a. How does the work area size affect your productivity at work?  

 

b. How does the air temperature at the work area affect your productivity at work?  

 

c. How does the relative humidity at the work area affect your productivity at work?  

 

d. How does visual privacy at the work area affect your productivity at work? 

 

e. How does the acoustic privacy at your work area affect your productivity at work?  

 

f. How do you think working in a green building has affected:  

 i. Your individual productivity  

 ii. Work team productivity 

 

Health Related Satisfaction 

 

How frequently do you have the following health problems at your workstation? Please 

distinguish between problems triggered during work hours, and chronic problems not 

associated with your working environment.  

 

a. Almost daily  

b. Several times/week  

c. Several times/month  

d. Seldom  

e. Almost never  

 

i. General tiredness  

ii. General feelings of stress  

iii. Irritability  

iv. Headaches  

v. Coughs  

vi. Nose and throat irritations  

vii. Eye strain  

viii. Blurring vision  

ix. Eye irritations  

x. Soreness  

xi. other  
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Appendix G  

Phillips Permission 

 

 

  


