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ABSTRACT 

 

In recent years a variety of methods have been utilized to minimize our global reliance on 

fossil fuels in an effort to reduce the amount of greenhouse gases (GHGs), including CO2, 

released into the environment.  Administrative controls to minimize the release of gases, 

including intergovernmental agreements, federal and regional legislation, and Voluntary 

Emission Reductions (VERs) programs, have been a major focus among political and 

organizational leaders, while engineering controls to reduce the initial usage of fossil fuels in 

daily activities have been more of a focus at the consumer level.  In the U.S. among the building 

industry, both administrative and engineering controls have been utilized through several 

reduction mechanisms.  The aim of this research was to determine the impact that the United 

States Green Building Council’s (USGBC) Leadership in Energy and Environmental Design 

Green Building Rating System’s (LEED) had on occupants’ fossil fuel consumption, specifically 

related to artificial lighting usage measured in carbon footprints, in two student dormitories.  The 

research also investigated whether LEED certification influenced an individual’s participation in 

efficiency and curtailment behaviors to reduce lighting energy consumption and to test potential 

improvements to the program.  

This study compared the lighting usage of ten participants living in either a LEED 

certified dormitory or similarly designed and built non-LEED certified dormitory, situated on a 

university campus.  The additional potential for lighting consumption reduction was tested by 

exposing participants to a lighting conservation prompt, which was a sign.  Lighting usage was 

measured for each participant over a two-week period, and data was extrapolated to find the 

Estimated Annual Lighting Carbon Footprint (EALCF) for each participant.  Additional data was 



 

collected in an attempt to understand other variables that may have influenced the outcome of the 

study. 

Results showed that LEED certification reduced a participant’s EALCF, however, 

signage only impacted the EALCF in situational conditions.  Results indicated building 

certification, the male gender and the fewer number of luminaires available to the participant 

resulted in a reduction of available luminaire wattage.  Additionally the source of the luminaire 

also impacted the available wattage and the total kilowatts used by each participant.  The 

university-supplied luminaires were lower wattage than the personally supplied luminaires and 

were more utilized in both buildings.  Luminaire usage was also positively and negatively 

impacted by a combination of variables including LEED certification, number of luminaires and 

prompt signage.  Results indicated individuals with only university supplied lighting within their 

rooms had much lower EALCFs than those that had university and personally supplied lighting.  

This study also found no effect on EALCF based on previous and current pro-environmental 

beliefs and behaviors. 

In conclusion, the LEED certification did have an impact on overall lighting usage for the 

participants in this study.  Prompting signage was only found to have an effect when combined 

with other variables.  Additional variables were recommended for investigation in future 

research including the impact of the possible engineering controls on the type of lighting 

installed and the impact of creating administrative controls limiting the type of lighting allowed 

within LEED certified buildings to further reduce energy consumption.  This data could be used 

to create more robust studies to understand the full impact of the LEED program and uncover 

additional ways to increase occupant participation in the program.   
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CHAPTER 1: LITERATURE REVIEW 

1.1 Introduction 

In recent years placing the word “green” before any product or service has been 

associated with promoting a reduction in negative biospheric impacts when using that product or 

service.  As industries and corporations align to practice and market “green” initiatives and 

endeavors, consumers are becoming more educated about the impact purchasing and usage 

habits can play within the biosphere (Estes, 2009).  Consequently, questions have begun to arise 

on the effectiveness of governmental and privately-run programs created to mitigate the negative 

environmental impacts of our constantly increasing human population.  Specifically, if these 

initiatives actually work to reduce the negative environmental impacts of the modern lifestyle; 

and the impact of consumer purchasing and usage behaviors on these initiatives and their 

mitigation goals.  If there is a combination effect, does that change how we develop initiatives to 

increase consumer compliance and become more effective at reducing negative biospheric 

impacts in today’s society?  To answer these types of questions we must first understand and 

respect how we, as a society, reached this level of global climate change, and how basic human 

behavioral tendencies, relating to environmental concern, shape the decisions of the average 

consumer.  Within this thesis, I will investigate the effects of participation in a well-known green 

initiative on a consumer’s behavior and its overall ecological impact.  I will investigate the 

impact environmental concern plays on personal tendency to comply with requests to acting a 

more environmentally friendly manner.  I will draw conclusions on the use of this information in 

creating more effective environmental initiatives to work with human behavior tendencies while 

cultivating the desire to react in a more environmentally conscious manner.  
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1.2 Global Climate Change 

Earth is the only known planet within our solar system currently sustaining life, as we 

know it, through the presence of water, sun, oxygen, carbon dioxide and a stable climate (Ward 

& Brownlee, 2000). The greenhouse effect is part of the stabilization process for the earth’s near-

surface temperature and atmospheric conditions (Le Treut, Somerville, Cubasch, Ding, 

Mauritzen, Mokssit et al., 2007).  During the process both naturally occurring and 

anthropogenic1 greenhouse gases (GHGs) including water vapor, carbon dioxide (CO2), methane 

or nitrous oxide, absorb and emit infrared radiation, from the sun, to help warm the earth’s 

surface (Herivel & Williams, 1975). Consequently, when excess GHGs exist in the environment 

the greenhouse effect is easily accelerated resulting in unstable atmospheric conditions (Le Treut 

et al., 2007). 

An excess of any one of the GHGs associated with the greenhouse effect can cause this 

atmospheric instability.  However, the most common GHG associated with an accelerated 

greenhouse effect is CO2 (Le Treut et al., 2007).  As CO2 moves between the atmosphere, land, 

and water, several natural regulation processes control the levels of CO2 in the atmosphere, and 

these processes are known collectively as the carbon cycle2.  When the GHG levels are balanced, 

the carbon cycle is capable of regulating the amount of CO2 released and absorbed into the 

environment (Keeling, 1961; 1998).  Currently, scientists estimate a balanced system results in a 

                                                

1 Caused by human activity. 

 
2 One example of a CO2 regulation process is photosynthesis, where autotrophs convert CO2 to organic material, or 

food, by reducing the GHG to carbohydrates thus removing the CO2 from the atmosphere or the body of water where the 
autotroph resides. (Vermaas, 1998) 
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maximum annual absorption rate of ~6 billion metric tons for both natural and anthropogenic 

CO2 (Energy Information Administration, 2008). 

1.2.1 Climate Change Theory and Controversy 

Climate change is defined as an unbalanced or accelerated greenhouse gas effect that 

produces significant changes in the near-surface and oceanic temperatures (Le Treut et al., 2007).  

As a global society over 10 billion metric tons of anthropogenic and natural CO2 is released into 

the atmosphere annually, (Department of Energy, 2009) causing an imbalance in the greenhouse 

effect’s emission and absorption rates, and resulting in a continual build-up of excess of GHGs in 

the atmosphere (Department of Energy, 2009).  With 3.2 billion metric tons of GHGs associated 

with anthropogenic activity and an anticipated increase of 1.9% over the next 10 years, scientists 

are calling for action.  One of the main consequences of excess greenhouse gases in the 

environment is the disruption to global temperature regulation processes (Hare & Meinshausen, 

2006; Wigley, 1995).  As these processes, such as cloud dispersion and glacier formation, 

become disrupted, the ability repair them becomes even more complicated.  Because both excess 

GHGs and/or extreme temperatures affect temperature regulation processes, the normal 

temperature cycle can easily remain unbalanced without the addition of excess GHGs.  Some 

scientists argue, during periods of extreme temperature variations, this self-sustaining abnormal 

temperature cycle can only be disrupted through a dramatic drop in GHGs released, even below 

normally acceptable ranges (Forster, Ramaswamy, Artaxo, Berntsen, Betts, Fahey, et al., 2007; 

Raper, 1996; Wigley, 1995).  This self-sustaining temperature cycle is commonly referred to as 

the “commitment to climate change”, because the consequences of today’s actions are seen well 

into the future (Klein & Maciver, 1999).  Some scientists believe this aim to change makes it 

more imperative to address climate change immediately. 
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According to scientists, the climate change the earth may be currently experiencing 

(IPCC, 2007), has been traced back to the Industrial Revolution (Hansen, Sato, Lacis, Ruedy, 

Tegen, & Matthews, 1998).  Because most industrial machinery requires the combustion of fossil 

fuels to operate, the amount of CO2 and methane in the atmosphere has increased by 36% and 

148% respectively since the mid-1700s (Energy Information Administration, 2008).  Within the 

last 20 years, the burning of fossil fuels is the source of three quarters of all anthropogenic CO2 

in the atmosphere (Energy Information Administration, 2008).  With the use of fossil fuels 

remaining strong, at current GHG production rates, global climate projections indicate the earth 

could see a near-surface temperature increase of 1.1°C to 6.4°C by the end of the 21st century if 

GHG emissions don’t decrease immediately. (IPCC, 2007) 

Since not all scientists agree with these projections, (Durkin, 2007; Folland, Karl, 

Christy, Clarke, Gruza, Jouzel, et al., 2001) the National Research Council (NRC) (2006) in 

Washington, DC has been using historical documents, borehole temperatures, (Deming, 1995) 

tree rings and ice cores to create an estimated model of the earth’s climate history for the past 

2,000 years.  This model has been used in a number of studies to support or disprove the 

existence and threat of climate change (Mann, Bradley, & Hughes, 1998; Seidel & Lanzante, 

2004).  While supporters of the climate change theory argue this model provides overwhelming 

evidence supporting the existence of climate change, (Folland, et al., 2001; Pollack, Huang, & 

Shen, 1998) opponents argue 2,000 years is an insufficient timeframe to fully explain the current 

climatic conditions relative to the earth’s existence (Durkin, 2007; Seidel & Lanzante, 2004). 

Using the 2,000 year model, both proponents and opponents to the climate change theory 

cite two historic time frames in support of their cause: the Medieval Warm Period (11th-14th 

centuries) (Fitzhugh & Ward, 2000; Lamb, 1965) and the Little Ice Age (16th-19th centuries) 
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(Matthes, 1939).  During each of these times periods, temperatures were either above or below 

average yearly temperatures, when compared to other time periods (Mann, Bradley, & Hughes, 

1998; Jones, Briffa, Barnett, & Tett, 1998).  Opponents to the climate change theory cite the 

borehole temperatures from these time periods as evidence that the earth’s temperatures can 

experience phases of natural change and claim the current rise in the earth’s surface temperature 

is due to a natural warming period (Denton & Karlen, 1973; Harris & Chapman, 1997), and not 

the result of human activity (Deming, 1995).  However, proponents to the existence of climate 

change say the reported time frames and regions in which these changes occurred were too 

sporadic to say the events were global (Bradley & Jones, 1993; Crowley & Lowery, 2000; Koch 

& Clague, 2011; Skinner & Majorowicz, 1999).  They argue the sporadic nature of these events 

made it impossible to form a widespread un-natural self-sustaining temperature regulation 

disruption, proving the current and steady rise in global temperature is globally disrupted to an 

alarming degree (Folland, et al., 2001; Koch & Clague, 2011).  However, most scientists assent 

with the recorded global meteorological data from 1906 to 2005, which reveals a global surface 

temperature increase of .74°C ± .18 (Trenberth, et al., 2007).  The Intergovernmental Panel on 

Climate Change (IPCC) believes this increase in temperature did not happen isochronally, and 

the majority of the temperature increase was experienced from 1956 to 2005 (.64°C ± .13) 

(IPCC, Summary for Policymakers, 2007, p. 10).  The IPCC predicates: 

The observed widespread warming of the atmosphere and ocean, together with ice 
mass loss, support the conclusion that it is extremely unlikely that global climate 
change of the past 50 years can be explained without external forcing, and very 
likely that it is not due to known natural causes alone (IPCC, Summary for 
Policymakers, 2007). 
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Despite opposition to these startling numbers, organizations and governments around the 

world have begun to enact a variety of programs to slow and stop excess GHGs from entering 

the atmosphere. 

1.2.2 International Climate Change Policy 

International concern began after scientific data captured from the 1960’s and 1970’s 

revealed concentrations of CO2 in the atmosphere were increasing at an alarming rate (Weigel & 

Weigel, 1978).  This concern caused climatologists and other environmental organizations to 

press for an organized action to address climate change (Martinez, 2005).  Years after 

international concern began, in 1988; the World Meteorological Organization (WMO) and the 

United Nations Environmental Programme (UNEP) were able to form the Intergovernmental 

Panel on Climate Change (IPCC) to address these issues on a global scale (IPCC, 2011). 

The mission of IPCC was to present clear scientific data to the world on the “current state 

of climate change and its potential environmental and socio-economic consequences” (IPCC, 

2011).  The IPCC is open to all members of the WMO and United Nations (UN), making it an 

intergovernmental agency.  Because governments and scientists are working together the IPPC 

reports they have a “unique opportunity to provide rigorous and balanced scientific information 

to [key] decision makers” (IPCC, 2011).  According to the IPPC, their data, while policy-

relevant, is never politically motivated and provides an un-bias report on the current state of the 

global environment based on research done throughout the world (IPCC, 2011). 

One of the first tasks the IPPC was charged with accomplishing was: a comprehensive 

review with recommendations for the state of science with regards to climate change; an 

understanding of the social and economic impact of climate change; recommendations on how to 



7 
 

proceed on forming an international convention to respond to climate change issues (IPCC, 

2011).  The first IPCC report, in 1990, stated climate change within the political environment 

and the need to tackle the challenges and consequences as unified nations (Houghton, Jenkins, & 

Ephraums, 1990).  The response to this first report led to the creation of the United Nations 

Framework Convention on Climate Change (UNFCCC) (UNFCCC, 2011). 

1.2.3 United Nations Framework Convention on Climate Change 

The UNFCCC was adopted at the United Nations headquarters in New York City, New 

York in May 1992 and by March of 1994 was entered into force; nearly 35 years after the wide-

spread concern for environmental conditions began.  The mission of the UNFCCC is “to stabilize 

greenhouse gas concentrations in the atmosphere at a level that will prevent dangerous human 

interference with the climate system” (UNFCCC(e) 2011).  Additionally, the UNFCCC is 

charged with setting the strategy for intergovernmental efforts when dealing with the challenges 

posed by climate change.  According to the UNFCCC website, under the convention, 

governments: (UNFCCC(b), 2011): 

• Gather and share information on greenhouse gas emissions, national 
policies and best practices.  

• Launch national strategies for addressing greenhouse gas emissions and 
adapting to expected impacts, including the provision of financial and 
technological support to developing countries.  

• Cooperate in preparing for adaptation to the impacts of climate change. 

1.2.4 Kyoto Protocol 

In 1992, the UNFCCC took the first steps towards creating an international agreement to 

globally reduce GHGs (UNFCCC(c), 2011).  The agreement, later called the Kyoto Protocol 

Treaty, was negotiated in 1997 at the UNFCCC conference in Kyoto, Japan, and finally adopted 

in 1998 (UNFCCC(c), 2011).  By June 2010, 184 industrialized nations had signed the 
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agreement, that starting January 1, 2008 they would reduce their GHGs emissions by 5.2% 

(based on their 1990s CO2 levels) by the year 2012 (United Nations, 1998).  This legally binding 

contract mandates the signed nations to reduce their GHG emissions by utilizing “flexible 

mechanisms” to reach the collective global GHG reduction of goal of 11% (United Nations, 

1998). 

The emissions goals for the industrialized nations of the Kyoto Protocol are given 

“assigned amounts”, or allowable GHG emissions levels for their nation (United Nations, 1998).  

To meet the assigned amount, nations must take considerable measures to reduce their emission 

level, however, the protocol does allow for some flexibility through three market-based reduction 

mechanisms: Emissions Trading, Clean Development Mechanism (CDM), and Joint 

Implementation (JI) (UNFCCC(g), 2011; United Nations, 1998). 

Emission trading is also known as “the carbon market” or “cap and trade”.    A central 

governing agency that monitors the “assigned amounts” oversees the cap and trade allowed in 

the Kyoto protocol.    If a nation doesn’t use all of their assigned amounts, known as emission 

credits, they can trade their credits on a trading exchange to other nations that have exceeded 

their own assigned amounts. This is seen as a way to penalize those who pollute and reward 

those who do not (Montgomery, 1972). Ideally, to avoid monetary penalties from GHG caps set 

forth in the Kyoto Protocol, nations participating in an emissions trading program aim to 

decrease their overall emissions.   

The CDM allows developing countries to participate in emission-reduction projects to 

earn “certified emission reduction” (CER) credits.  Each credit awarded is equivalent to one ton 

of CO2, and can be traded or sold to industrialized nations trying to meet their reduction 
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requirements under the Kyoto Protocol (UNFCCC, 2011). One of the early criticisms to the 

Kyoto protocol was the limited incentive for developing countries to control and curb their 

emissions (Kato, Hayashi, & Tanaka, 2003). The UCFCCC implemented this mechanism in 

response to the concern by trying to stimulate sustainable development and emission reductions 

within these developing countries, while helping industrialized nations meet their limitation 

targets.  Each project is publically registered and tested to insure the end result will produce 

measurable and verifiable emission reductions based solely on the project’s objectives 

(UNFCCC, 2011). 

Joint Implementation (JI) allows a country to earn an emission reduction unit (ERU) by 

developing and implementing emission reduction projects in other Kyoto Protocol participating 

countries.  Each project can earn one ERU, which is equivalent to one ton of CO2, and can be 

used towards meeting their Kyoto Protocol goal.  JI projects must go through the same rigorous 

process as the CDM projects (UNFCCC(d), 2011). This particular mechanism is particularly 

useful to countries with global corporations and provides incentive to continue sustainable efforts 

abroad. 

The UNFCCC also tracks the targets for the industrialized countries through two types of 

registry systems.  The first is governmental national registries.  These registries act as regulations 

enforcement, are held within each industrialized nation.  They serve as a tracking system for the 

government to ensure all involved are holding and trading credits properly (UNFCCC(c), 2011).  

The second registry tracks the projects by issuing credits once a project has been deemed a 

carbon reduction success using the two registries, emissions are tradable by delivering the units 

or credits from the seller to the buyer thus creating the infrastructure to cap and trade as it relates 

to the Kyoto Protocol participating countries (UNFCCC(c), 2011; Finus, 2008).  Reporting and 



10 
 

compliance with the processes and procedures put in place by the Kyoto Protocol are considered 

critical by some to maintain the integrity and effectiveness of the Protocol (Brechin, 2003; Finus, 

2008; Michaelowa, 2003).  In December of 2005, a set of monitoring and compliance procedures 

were put into effect to enforce the rules and address any compliance issues raised during 

calculation of emissions data and accounting procedures.  While countries were required to keep 

track of their own data, a committee was created to make sure the annual data was accurate and 

honest throughout the protocol’s existence.  The progress and reports filed by each country 

annually are then submitted for public visibility on the UFCCC’s website (UNFCCC(c), 2011).  

Accessibility and transparency in the reporting system aims to create a more honest and 

competitive emissions control environment (Schmidt, 2010).  

While some individuals believe the Kyoto Protocol effectively addresses many of the 

aspects of GHGs emission reduction, others believe it falls short in a number of ways (Kato et 

al., 2003).  Despite the controversy surrounding the Kyoto Protocol, of those who acknowledge 

the existence of climate change, many agree some type of intergovernmental emissions protocol 

should be put in place to mitigate the excess GHGs in the atmosphere. 

1.3 Climate Change Initiatives in the United States 

1.3.1 National Legislative Policies 

Separate of international efforts, local governmental and private agencies in the U.S., 

have created policies and programs to encourage businesses and residences to take steps to 

reduce their environmental impact.  In the United States one of the latest federal efforts to 

contain and reduce GHG emissions included several Acts previously under consideration by the 

111th Congress including the American Power Act (APA) introduced May 12, 2010 by Senators 
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Kerry and Lieberman (Kerry, 2012).  Previous energy acts introduced to Congress included the 

Carbon Limits and Energy for American’s Renewal Act (CLEARA), the American Clean Energy 

and Security Act (ACESA) which passed to the House of Representatives June 23, 2009 (Civic 

Impulse, LLC, 2012; Waxman, 2009), and the Energy Independence and Security Act of 2007 

which was enacted after being signed by the President of the United States on December 17, 

2007 (Civic Impulse, LLC., 2012).  All 4 Acts introduced to Congress aim to reduce GHGs 

emissions in the U.S. by 2050.  The measures by which they are reduced differ for each plan.  

The APA, in particular, proposed an emissions cap system for both GHGs and 

hydrofluorocarbon (HFC) usage3.  If it had been ratified, it is estimated the APA cap would have 

covered up to 87% of the U.S. GHG emissions currently being expelled into the atmosphere, 

after 2013 (Kerry, 2012).  Similar to the Kyoto Protocol, there are proponents and opponents to 

any legislation mandating if and how GHGs should be regulated.  Proponents argue that as one 

of the largest nations in the world the U.S. should be leading the charge in passing legislation to 

control emissions and reduce the U.S. dependence on carbon-based energy (Brooks, 2010; 

Weiss, 2010).  Opponents to the legislation vary in their reasoning, as previously mentioned, 

some don’t believe in climate change, others believe the costs associated with cap and trade 

models out-weigh the benefits (Hodges, 2012; Revkin, 2010), and more cost-effective methods 

could be developed to successfully manage GHG emission reduction (Manzi, 2010).  Others 

believe domestic cap and trade poses feasibility issues and monetary consequences with regards 

to business and consumer compliance.  Some legislation claims to consider consumer welfare by 
                                                

3 HFCs have been used since 1996 in the U.S. to replace the use of chlorofluorocarbon (CFC), in items such as 
refrigeration systems and aerosols.  While HFC was once believed to be a safe substitute for CFCs, it has been proven otherwise.  
For these reasons, most new emission capping Acts specifically address the GHG HFC.   
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creating a CO2 cap tax penalty scheme based on level of cap exceedance and household income.  

Legislators claim this distribution scheme will reduce energy usage among all households 

without affecting the overall income level of households (Kerry, 2012; Waxman, 2009).  

Opponents believe this could create unequal collection and distribution of cap exceedance 

penalty taxes that could prove to be ineffective at funding carbon mitigation projects aimed at 

helping consumers reduce their energy usage, or worse leave the consumer economy (Rausch, 

2010). 

1.3.2 Regional Legislative Policies 

Within the U.S. several regional climate change initiatives have been created, including 

the Western Climate Initiative (WCI), the Northeast and Mid-Atlantic Regional Greenhouse Gas 

Initiative (RGGI), and the Midwest GHG Reduction Accord (MGGRA) (CORE, 2009; 

Cummins, 2012; RGGI, Inc, 2012).  Each one of these initiatives aims to bring communities 

together to identify, evaluate and implement policies focused on addressing climate change on a 

regional level.  The focus of these groups is the reduction of GHG emissions, encourage green 

technologies, and building a clean energy economy by reducing dependence on fossil fuels 

(Cummins, 2012; RGGI, Inc, 2012).  While not one regional initiative covers all of the U.S., 

between the three groups over one-half of the U.S. population and three-quarters of the Canadian 

population lives in areas that are members or observers of one of these initiatives (Environmental 

Protection, 2010). 

Recently, these three groups have begun to collaborate between each other to share ideas 

and experiences with regional cap and trade development.  They have also given input into the 

federal legislation being presented before the Senate and Congress (Environmental Protection, 

2010).  In a collaborative white paper written by members of the WCI, RGGI and the MGGRA 
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heavy importance is placed on using offsets within a cap and trade system (Three-Regions Offset 

Working Group, 2010). 

1.3.3 Cap and Trade Programs 

To understand the debate and impact on consumers’ green related habits, it is important 

to understand the system being pushed by political leaders worldwide.  Within a cap and trade 

system, a “GHG offset” refers to a GHG emissions reduction project aimed at reducing or 

removing specific types of GHGs not covered under a regulating cap and trade program (U.S. 

Department of Energy, 2012).  GHG emitting consumers are able to trade one ton of regulated 

CO2 expelled, with one ton of CO2-equivalent (CO2e) non-regulated GHG reduced or removed 

from the atmosphere.  According to the three groups (Three-Regions Offset Working Group, 

2010, pp. 6-7): 

Conceptually, an offset is used to allow a regulated emissions source to emit an 
additional ton of greenhouse gas in exchange for a ton of greenhouse gas 
emissions reduction or removal achieved outside of the capped sector(s) by an 
offset project activity.  The regulated emissions source is allowed to emit more in 
exchange for achievement of emissions reduction elsewhere.  
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Figure 1.1: The Role of Offsets in Cap-and-Trade Programs (Three-
Regions Offset Working Group, 2010, p. 7) 
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The three groups argue this is a more cost-effective way to ensure compliance with the 

cap and trade program, because it allows a flexibility mechanism (Three-Regions Offset 

Working Group, 2010).  They argue it allows individuals to use more cost-effective methods to 

reduce their GHG emissions and comply with traditional emissions caps, while avoiding the 

costly tax penalties associated with exceeding the cap.  In most cap and trade systems, a process 

is outlined to ensure each GHG offset project must be (Three-Regions Offset Working Group, 

2010, pp. 10-15): 

• Real - The project must represent at least one ton of CO2e reduction or removal 

that can be identified as an emissions reduction activity.  There must be 

methodologies in place for accurately accounting for all CO2e emissions and 

reductions related to the project. 

• Additional - The project must be the result of the offset program and provide a 

true emissions reduction based on requirements stated within the offset program.  

In basic terms the offset project would not have existed without the existence of 

the offset program.  

• Verifiable - The reductions or removal of the CO2e emissions must be verifiable 

and to receive credit as an offset program the emission reduction must be 

currently in place and verified it is in fact removing or reducing CO2e emissions. 

• Permanent - The CO2e reductions and removals must be permanently removed 

from the atmosphere without risk of reversal. 

• Enforceable - The offset project must have “sufficient regulatory authority and 

enforcement mechanisms to compel compliance with its program requirements”.  
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Each project will be subject to a formal review by a regulatory agency to make 

sure it complies with all elements listed above. 

According to the three groups, an important element of a successful offset program is a 

‘standardized approach’ or a single set of program requirements for each project type, and not 

evaluate each project on a case-by-case basis (Three-Regions Offset Working Group, 2010).  

The perceived benefits to this program approach is increased program transparency, a more 

objective review process, reduced project transaction costs, reduced financial risk for project 

developers, reduced market uncertainty, and a more streamlined project regulatory review 

process.  In the ‘standardized approach’ each of the five elements of an offset project would be 

addressed depending on the project category and not the individual project (Three-Regions 

Offset Working Group, 2010).  This would reduce the time needed to develop individualized 

criteria for each project; leave less room for variability in the interpretation of the requirements 

for a qualifying CO2e emissions reduction project; and would ensure the same level of 

enforcement for each offset project (Three-Regions Offset Working Group, 2010) 

Opponents to the inclusion of offsets within the cap and trade programs cite perceived 

flaws in the system.  One of which allows a for-profit company to develop a CO2e emissions 

reducing project that meets all the criteria list above and is certified, and then turn around and 

sell their CO2e credits to another company for profit (Eilperin & Mufson, 2010).  This allows the 

purchasing company to purchase CO2e credits to offset their own CO2 cap exceedance, in 

addition to trading/purchasing allowance credits from other cap and trade regulated corporations.  

They argue these programs promote companies to continue to expel CO2 emissions and then find 

back-up programs to pay their way out of bad environmental practices, rather than making a 
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conservative effort up-front to reduce CO2 emissions (Broder, 2010; Koenig, 2011; Salmon, 

2008). 

1.3.4 Voluntary Emissions Reduction Programs 

While in the United States the Kyoto Protocol has not been formally adopted by the 

federal government, cap and trade programs are still being debated.  Few regulations are in place 

to force business and consumers to limit their CO2 emissions.  However, there is a social trend in 

the U.S. towards participation in VERs programs.  Because of the predicted implementation and 

impact of the cap and trade system (Chestnut, 2012), many VERs programs are developed and 

modeled after them with the pretense of quick compliance with future regulations (CORE, 2012).  

However these VERs programs are not without controversy.  While the idea of VERs programs 

are similar to the offsets offered within the legislative cap and trade programs, individuals or 

companies have the freedom to decide which programs they believe will be the most effective at 

helping to offset the carbon emissions they or their organizations produce during daily activities.  

Organizations that offer these programs, like the Nature Conservatory, say their offset programs 

help reduce the build-up of GHGs in the atmosphere by funding projects designed to rebuild the 

environment and fund new “green” or environmentally-sustainable technologies (Conservatory, 

2011). 

Some organizations such as The Corner House and FERN claim these VERs programs 

are part of dangerous schemes aimed at detracting the public from supporting legislation that 

would force stricter CO2 emissions regulations (Gilbertson & Reyes, 2009; Kill, Ozinga, Pavett, 

& Wainwright, 2010).  Others claim that historically regulating agencies fall short in proving the 

equivalence between CO2 expended and offsets purchased.  They also argue there are 

“unsolvable measuring and accounting problems and that the technicalities and jargon of carbon 



17 
 

offsetting presents an obstacle” to ensuring individuals feel confident their money is going to 

fund projects that will truly offset their daily activities (Barnes, 2010; The House of Commons 

Environmental Audit Committee, 2007).  The largest drawback to VERs programs verses 

mandatory regulations lies on the reliance of individual and organizations to show concern and 

awareness to the amount of CO2 emissions resulting from their daily activities, without concern 

these groups will never take the step to consider VERs initiatives (Kotchen, 2009).  Most of 

these VERs programs rely on consumer and organizational awareness of their energy usage and 

the related CO2 emissions resulting from their daily activities to be most effective. 

1.4 Environmental Concern and Behavior 

While the environmental impact of the industries is generally the focus of research and 

governmental legislation, the current conditions of the environment are overwhelming linked to 

consumer choices (Schipper, Bartlett, Hawk, & Vine, 1989).  In response to this, scientists have 

developed an inclusive model for looking at the impact individual behavior has on the 

environment.  The Consumer Lifestyle Approach (CLA) model refers to the overall 

environmental impact of product and consumption choices, including the pre- and post-consumer 

related requirements of each product (Bin & Dowlatabadi, 2005).  The premise is without an 

individual’s decision to purchase, use and dispose of a product, the industry would be 

nonexistent that creates or supports the use of that product.  Every purchase or activity has a 

direct and indirect impact on the environment, and many researchers claim the industry cannot 

be blamed for current environmental conditions.  Bin and Dowlatabadi (2005) also assert 

regulations minimally reduce current CO2 levels and there is a need to first change product 

purchasing and usage habits before a substantial reduction will result.  According to Bin and 

Dowlatabadi (2005), the direct and indirect influences can be defined as: 
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If a consumer’s activity leads to energy consumption and CO2 emissions while the 
product or service is in or resulting from use, these are called direct influences, 
where energy consumption and CO2 emissions occur in the preparation 
(production and delivery) of a product or service and before its use are called 
indirect influences. (p. 199) 

Within the CLA model, individual behaviors can fall into one of the two types of 

environmental influences.  Examples of direct influences usually include home energy usage and 

personal travel, while indirect includes housing operation, transportation operation, food and 

beverage consumption, etc.  (Table 1.1)   

Table 1.1: Consumer Consumption Activities Categorization (Bin & Dowlatabadi, 2005, p. 200) 

Consumer activities categorization Sources 

Direct 
influences 

• Home Energy • Space heating 
• Air conditioning 
• Refrigeration 
• Other appliances and lighting 

Residential Energy 
Consumption Survey (Energy 
Information Agency, 1999), 
RECS 

 • Personal travel • Long distance by automobile and 
trucks 

• Long distance by air 
• Long distance by others 
• Short distance by automobiles and 

trucks 
• Short distance by others 

American Travel Survey 
(Bureau of Transportation 
Statistics, 1997), or ATS; 
Transportation Energy Data 
Book (Oak Ridge National 
Laboratory, 1999), or TEDB 
 

Indirect 
influences 

• Housing operations 
• Transportation 

operation 
• Food and beverage 
• Apparel and services 
• Healthcare 
• Entertainment 
• Personal Insurance 
• Others 

• Shelter, utilities, etc. 
• Vehicle purchase (net), gasoline 

and motor oil, other vehicle 
expenses, etc. 

• Food at home, food away from 
home 

• Men and boys, women and girls, 
etc. 

• Fees and admissions, magazines, 
etc. 

• Personal insurance and pensions 
• Education, tobacco, etc. 

Consumer Expenditure 
Survey (Bureau of Labor 
Statistics, 2001), CES 

Note: This table illustrates the types of activities included in the CLA model 
 

When an individual’s behavior is placed into the CLA model, indirect influences of that 

behavior have a much larger impact on GHG emissions than direct influences.  When combined, 

both the direct (29%) and indirect (57%) impacts of an individual’s behavior accounted for 85% 
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of the U.S. energy consumption.  With the overwhelming impact indirect influences have on 

GHG emissions, some argue pro-environmental concern is crucial, and emissions reduction will 

only happen if individuals begin to adopt pro-environmental behaviors (Bin & Dowlatabadi, 

2005). 

1.4.1 Environmental Beliefs and Values 

During the 1970s early rise of the ecological and environmental crisis in the U.S., studies 

aimed at hypothesizing the motives behind individual tendencies towards pro-environmental 

behavior began to emerge.  Researchers became fascinated by the distinct differences individuals 

placed on the term “environmental ethics” (Eckersley, 1992; Stern & Dietz, 1994).  Some 

defined the term as stressing the means in which the environment should be a resource used 

solely for the needs of human existence, (Mohai & Bryant, 1992) while others viewed the term 

as calling to claim to the rights the biosphere has above and beyond human needs (Starik, 1995).  

While this debate still exists within research, it has facilitated the discussion and empirical 

research needed to begin to understand the motivation behind individuals and their decisions 

participate in pro-environmental behavior. 

Some theorists believe action is driven by intention, they also believe intention or beliefs 

are driven by basic values (Parsons & Shils, 1962).  Based on research conducted to understand 

these basic values that govern beliefs, three main values have emerged as the underlying 

motivators causing humans to show concern for or against pro-environmental issues: egoistic, 

altruistic, biospheric (Schultz, 2001; Schwartz, 1977; Stern & Dietz, 1994; Stern, Dietz, & Kalof, 

1993).  Egoistic values are formed when a person considers themselves above all other living 

beings.  Altruistic values influence beliefs based on a moral obligation to consider all living 

beings when making decisions and have been classified as falling under the “golden rule” (Do 
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unto others as you would have them do unto you.) (Heberlein, 1977; Schwartz & Howard, 1981).  

Biospheric values effect beliefs by placing the needs of the environment over the needs of 

humans (Schultz, 2001).  Stern and Dietz (1994) concluded the importance of values is in the 

ability to transfer information to that individual.  Values govern beliefs and if the information 

being given doesn’t align with the values of the individual then they will be less likely to accept 

the information as true and act upon the belief (Schultz, 2001; Stern & Dietz, 1994).  Thus 

having implications for how organizations promote pro-environmental beliefs and behaviors. 

Once the concern for the environment has been established, no matter the value system 

governing that concern, the individual must then choose to act on that concern for the pro-

environmental behavior to occur.  Researchers have been attempting to ascertain the motivators 

for individuals to act on concern for the environment built by their beliefs (Spada, 1990; Weigel, 

1983).  While a number of theories exist, one stands out among researchers, Ajzen and 

Fishbein’s theory of planned behavior (TPB) (Ajzen , 1991; Ajzen & Fishbein, 1980; Bamburg, 

2003; Harland, Staats, & Wilke, 1999).  TPB states that three key elements govern a person’s 

intention to perform an action based on beliefs: the perceived consequences of the behavior 

(behavioral belief4); the social implications of the behavior (normative belief5); the availability of 

resources to perform the behavior (control belief6) (Bagozzi, Youjae, & Baumgartner, 1990; 

Schultz & Oskamp, 1996; Ajzen I. , 1991).  For example, the action to turn-off a light when 

leaving a room is governed by: the consequences of turning off the light; how the lack of light 

                                                

4 Behavior beliefs affect the perceived personal feeling towards the behavior. 

5 Normative beliefs are perceived social response (social norms) to the behavior. 

6 Control beliefs are issues affecting the perceived ease of performing the behavior. 
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will be perceived among others; how easy it is to turn off the light.  In a space that is only 

occupied by that individual this may be a very easy choice depending on the control belief.  If 

others occupy the space, the ability to act on the concern for not turning off the light becomes 

more complicated.  

In a study conducted by Sebastian Bamberg (2003), participants were given information 

regarding “green” electricity products in a seminar and polled on their behavioral, normative, 

control beliefs surrounding the topic.  Participants were given the opportunity to request more 

information on the topic and were tracked on a basis of implied interest (tearing off a post-card 

to request more information) and those who performed the pro-environmental behavior to 

request the information (actually mailing the postcard).  Bamberg found the pro-environmental 

behavior was influenced by a positive evaluation of the personal and social beliefs associated 

with the action.  He also found the negative control beliefs for performing the action were 

overcome if pro-environmental values existed.  Bamberg concluded, pro-environmental behavior 

is predicated by positive responses to beliefs surrounding the perceived consequences and 

obstacles of performing the behavior. 

1.4.2 Influencing Pro-environmental Behavior 

While a vast array of published literature attempts to uncover and explain the motivations 

behind the belief systems of individuals to predict behavior, other studies are aimed at 

uncovering ways to influence values and beliefs of those who act adversely to the environment to 

gain a desired pro-environmental behavior.  The most common interventions tested can be 

divided into two categories: antecedent and consequence.  Both strategies work to increase or 

decrease the probability of an intended behavior.  Antecedent interventions are “stimulus events 

occurring before the target behavior”, while consequence behavior involves “stimulus events 
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occurring after the target behavior” (Ester & Winett, 1981,1982; Geller, Berry, Ludwig, Evans, 

Gilmore & Clarke, 1990). 

1.4.2.1 Consequence Strategies 

Consequence interventions include: feedback (continuous, interval, and comparative) and 

rewards.  Both of these interventions have been shown to have positive influence on pro-

environmental behavior and have been studied extensively.  Feedback aims to inform individuals 

participating in pro-environmental behavior of the impacts their actions can have on the 

environment (Seligman & Darley, 1977).  A number of studies have found no matter the interval 

or type of feedback provided, individuals receiving feedback build a sense of obligation or 

understanding of environmental impact of their actions and thus reduce their negative or 

unwanted behavior (van Houwelingen & Van Raaij, 1989; Winett, Neale, & Grier, 1979; Hayes 

& Cone, 1981; Brandon & Lewis, 1999).  The reasoning behind this success within feedback 

interventions is the result of three stages of progression.  Consumers must first learn of the 

consequences of their actions; they must then make an effort to reform their habits; before full 

compliance they must internalize the behavior and feel the full benefits of their change in 

behavior (van Raaij & Verhallen, 1983).  Feedback allows the consumer to be constantly 

reminded of the consequences and benefits of the new target behavior, allowing for easier 

internalization of why they are behaving in a particular manner.   

Providing an incentive to reach a goal has also been shown in a number of studies to 

influence pro-environmental behavior, however some argue it can be short lived, due to the 

extrinsic nature of a reward (McClelland, 1980; Winett, Kagel, Battalio, & Winkler, 1978; 

Slavin, Wodanski, & Blackburn, 1981).  While most studies investigating rewards use monetary 

incentives to encourage participation in pro-environmental behaviors, other rewards have been 
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studied.  For example, Energy Conservation Challenges in dormitories aim to reduce energy and 

water consumption, use tangible rewards other than money, including: free events, items and 

plaques located within the winning dormitory.  In a number of these studies, students have 

admitted to taking drastic measures to win the contest, including not showering for days at a 

time; using flashlights to move around the room, or spending the majority of their time in 

another building.  Admittedly by students, these are hard to maintain after the contest and can 

even defeat the idea of energy or water conservation (Petersen, Shunturov, Janda, Platt & 

Weinberger, 2007). 

1.4.2.2 Antecedent Strategies 

Antecedent interventions involving pro-environmental behavior can include: goal setting, 

information and prompting.  Antecedent interventions results are not as consistent as 

consequence interventions and can depend greatly on the specific intervention, personal norms, 

and social norms of the participant (Abrahamese, Steg, Viek & Rothengatter, 2005; Becker, 

1978; Staats, Wit & Midden, 1996; van Houwelingen & Van Raaij, 1989; Winett & Kidd, 1982-

1983).  However they are a highly desired interventions because they are typically low in cost to 

implement and can reach a large audience.   

Goal setting involves setting a specific conservation goal for a person or group of 

individuals to obtain, and the goals can be personally or externally set.  Goal setting can be 

executed through commitment interventions that require an individual to provide “oral or written 

pledge or promise to change behavior” (Abrahamese, Steg, Viek, & Rothengatter, 2005).  Goals 

can also be set and executed using a modeling technique.  Modeling tailors a conservation 

strategy to match the beliefs and behaviors of the individuals aiming to meet a specific 

conservation goal within a specified time (Bandura, 1977). 
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When generalizing these interventions, the governmental and VERs programs, such as 

Kyoto Protocol, Cap and Trade policies, Architecture 2030 and the United States Green Building 

Council (USGBC) Leadership in Energy and Environmental Design (LEED) fall within this 

category of goal setting.  Each program relies on different strategies for determining the 

appropriate goals individuals and societies should meet.  The USGBC LEED program (outlined 

in section 1.5.2) is the best example of a modeling intervention because it provides several 

specific goals a building can obtain and then provides exact guidelines in which the owner, 

designer, or builder can follow to meet them.  Within a research environment, goal setting, both 

commitment and modeling have shown to be highly effective if the goals are relevant and 

achievable (Becker, 1978; McCalley & Midden, 2002).  However, this type of pro-environmental 

intervention relies heavily on pre-existing pro-environmental values and belief of an individual, 

and requires the individual to choose to participate in the intervention (McCalley & Midden, 

2002; Thogersen, 2003).  Some argue that creating a mandatory requirement (including a penalty 

for non-compliance) would force individuals to participate in a goal setting intervention, but as 

seen from research, mandatory regulations or goals, do not always lead to acceptance.  A good 

example this can be seen in governmental policies that impose mandatory recycling and 

increased penalties for excess trash collection.  While overall compliance tends to increase after 

the policy and penalty is enacted, the full compliance among residences is still limited and 

heavily dependent on available resources and convenience of compliance (Cohn, 1992; Hanley, 

1988; Reschovsky & Stone, 1994). 

Less resolute forms of antecedent interventions can be seen in informational and 

prompting techniques.  However, research to-date has revealed minimal consistent results in 

developing a method for encouraging pro-environmental behaviors using information or 
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prompting techniques.  Researchers cite a main concern for these techniques.  Depending on the 

values or beliefs of the individual being investigated, the most effective method for the specific 

wording of the message and delivery can vary.  For example, messages aimed at individuals 

already exhibiting some of the desired behavior will see little benefit from the information or 

prompting (Geller, 1990).  

Information interventions can be divided into to several groups including: mass-media 

communications; in-person seminars, and tailored information (specific information provided to 

a person or group of individuals of common interest).  Mass media interventions can include 

video media, pamphlets, and brochures.  The effectiveness of mass media in changing behaviors 

has shown to limit success (Hopper, 1991; Hutton & McNeill, 1981; Luyen, 2002).  For 

example, field studies looking at consumer energy consumption behavior following the 

distribution of brochures and pamphlets specifically addressing these issues have yield non-

significant results (Cone & Hayes, 1980; Geller, Winett, & Everett, 1982).  A study conducted 

by Hutton & McNeill (1981) went one step further by providing means to participate in energy 

conservation behavior.  Hutton & McNeill’s study looked at the Low Cost/No Cost energy 

conservation initiative.  A booklet on energy conservation created by the United States federal 

government and a shower control device were sent to 4.5 million households.  The results from a 

phone survey following the mailing revealed no significant difference in implementing energy 

conservation tips between households who had received the information by mail and those who 

had not.  According to Winett and Kagel (1984) these findings are based on finding a resulting 

behavior from a mass transfer of knowledge, yet many studies fail to gather data on if 

participants paid attention to the information given to them.  Ester and Winett (1981-1982) assert 

these research studies aimed at mass information lack effective means of understanding the 
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importance of the message and delivery methods when increasing or decreasing the chance of 

influencing behavior.  They also state the importance of this method of behavior change solely 

because it can influence legislative policies mainly based on the low cost involved in information 

transfer. 

In-person seminars tend to reveal similar results as mass-media studies (Marcell, 

Agyeman, & Rappaport, 2004).  Geller (1981) conducted a similar study to Hutton & McNeill’s 

by providing information on energy-conservation measures and a low flow water control device 

for showerheads.  Instead of just sending the information to household, Geller held workshops on 

the information within the booklet along with visual instructions on how to install the low flow 

device in the showerhead.  The study did find the workshop led to an increase in: knowledge 

about environmental conditions; environmental concern; and intention to practice more pro-

environmental behaviors.  However, post seminar in-home visits revealed no difference in the 

adaptation of energy conservation measures than those who had not attended the seminar.  

Studies looking at continued involvement in environmental seminars (i.e. more than one class), 

reveal mixed results in impacting an individual’s pro-environmental behavior (Tung, Huang, & 

Kawata, 2002).  Currently a limited amount of studies investigate the topic, however results 

indicate in a cumulative learning environment, a number of influences including transfer of 

information, consistency of message and behavior from influential figures that can impact a 

person’s ability to understand and internalize the environmental information (Higgs & McMillan, 

2006). 

Prompting can be a more effective way to encourage pro-environmental behaviors than 

just providing information (Winett & Kagel, 1984).  Prompts include cues, messages, or devices 

used prior to a particular behavior to influence its occurrence or frequency.  These can include 
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the alarms in a car to remind the passengers to buckle-up, writing on the side of a bin that says 

“Please recycle”, or a sign that tells occupants to “turn off the lights”.  Extensive research has 

determined prompts are more effective at achieving pro-environmental behaviors when certain 

criteria are considered in its development (Winett & Kagel, 1984, p. 657).  The prompt should:  

• Highly specific; 

• Stated in nondemanding or nonthreatening language;  

• Salient;  

• Convenient;  

• Proximal to the requested behavior; 

• Repeated. 

Ambrahamese et al. (2005) caution that current studies have a number of flaws and rarely 

all 6 elements are placed in a prompt that is being investigated for its effectiveness at increasing 

pro-environmental behaviors.   

1.4.2.3 Combined Strategies 

Various studies investigate the effects of both antecedent and consequence strategies, and 

it is difficult to separate each strategy to understand the impact on results.  Consequently these 

studies should be examined separately to see the overall effectiveness of combining strategies. 

As previously mentioned, the Energy Conservation Challenges taking place in dormitories across 

the U.S., tend to utilize both of these strategies (Marcell et al., 2004).  These competitions use an 

antecedent strategy of goal setting by challenging dormitory residents in differing buildings to 

conserve the most energy and water within a specified amount of time.  Consequence strategies 

include a reward for the dormitory that saves the most energy and water, and in most of the 
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challenges individuals receive feedback on the amount of energy and water being used.  In some 

cases up to 30-55% consumption reduction can be seen resulting from the combined energy 

conservation efforts (Petersen et al., 2007). 

1.4.3 Categorizing Pro-environmental Behavior 

Similar to the CLA model, sociologists place pro-environmental behaviors into one of 

two categories: efficiency behaviors and curtailment behaviors (Stern & Gardner, 1981).  

Efficiency behaviors are pro-environmental behaviors that happen only once and do not require a 

continual commitment to repetitive pro-environmental practices.  For example in USGBC LEED 

building (see section 1.5.2 for additional details) the stakeholders and occupants 

influence/participate in both types of behaviors.  However stakeholders are typically 

participating in efficient behaviors, such as installing Light Emitting Diodes (LED) lighting to 

reduce energy usage while in operation, while occupants are generally responsible for 

curtailment behaviors, switching off the LED lights when not in use.  However either group can 

participant in either type of behavior.  For example, occupants can supply their own lighting in a 

building if they feel the current lighting is not to their standards.  Builders can install occupancy 

light sensors that control the use of lighting when the occupant is not in the space.  

Categorization of these behaviors becomes important when planning or evaluating an 

intervention aimed at encouraging pro-environmental behavior.  Based on the information 

presented previously, it can be deduced that compliance to the environmental intervention is 

increased when the both types of behaviors are exhibited by consumers/occupants. 

1.4.4 Carbon Footprinting 

Of the individuals who have decided to participate in either an efficiency or curtailment 

behavior, a number of them are using lifestyle calculators, known as carbon footprint calculators, 
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to help them determine the best method for increasing the impact of their pro-environmental 

behavior.  According to the Carbon Trust, a United Kingdom not-for-profit organization, 

(Carbon Trust, 2012) carbon footprinting is a method of quantifying GHG emissions produced 

by an individual, organization, event or product utilizing the CLA model.  Measured in tones of 

carbon dioxide equivalent (tCO2e) it measures all six of the gases mentioned under the Kyoto 

Protocol including carbon dioxide, methane, nitrous oxide, hydrofluocarbons, perfluorocarbons, 

and sulfur hexafluoride.  Based on information in Table 1.1, most calculators include questions 

about home energy usage, transportation usage, food and product choices, even product disposal 

methods.  Using calculations agreed on by the organization supplying the calculator, each 

response to the questions is given a tCO2e usage amount based on how it is answered.  The 

tCO2e amount for each question is added together to give the individual or business an estimated 

amount of GHG emissions produced per year in tonnes.  Individuals can reduce or increase their 

annual GHG emission just by changing their behavior, including investing in offset programs or 

just reduce their emissions through making more informed decisions (Carbon Trust, 2012).  

Many organizations are using these calculators to report their progress when promoting and 

engaging in either efficiency or curtailment behaviors. 

1.5 Building Industry and Green Initiatives 

As a direct result of consumer supply and demand, construction and operation costs of 

buildings have one of the largest impacts on CO2 emissions.  In the building industry, a number 

of efficiency and curtailment strategies have been considered to reduce this impact and reduce 

subsequent emissions.  One of those ways is to reduce the dependence on fossil fuels to build and 

operate buildings.  In the U.S., 76% of the electricity created is used for the construction and 

operation of both commercial and residential buildings.  One of the most common ways to 
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produce electricity is through the combustion of fossil fuels, which represents 80% of all fuel 

sources for all energy produced (U.S. Energy Information Administration, 2011), and in the U.S. 

coal accounts for 50% of these fuels (American Coalition for Clean Coal Electricity, 2012).  

When electricity is produced through the burning of coal the resulting thermal radiation is used 

to heat large quantities of water.  The process forces extremely hot and highly pressured steam 

through an electricity-creating turbine generator (Hendriks, 1994). 

The production of electricity results in large amounts of by-products associated with coal 

combustion.  After traditional coal combustion, these by-products (particles, gases and water 

vapor) are forced through a gas flue and subsequently released into the atmosphere.  Efforts have 

been made to reduce the environmental impact of these elements by removing some of the 

elements before they are released into the air.  However, while the majority of coal power plants 

use air scrubbers within the flue stacks to extract particles from flue gases, GHGs are still able to 

pass through scrubbers into the atmosphere (Hendriks, 1994).  Many scientists believe it is 

possible to keep these harmful gases out of the atmosphere while still being able to harness the 

power of coal.  Since the widespread use of such technologies is still years away, both 

proponents and critics agree one of the immediate way to minimize the impact of buildings on 

the environment is to reduce implementation of consumption by employing electricity 

conservation strategies.  

1.5.1 Architecture 2030 

One of the ways to reduce energy usage in buildings is to promote and encourage 

conservation awareness among building owners and occupants.  In the architecture and design 

community this idea has taken form in the Architecture 2030 challenge.  Architecture 2030 takes 

cues from the Kyoto Protocol by creating GHG reduction goals, which encourage architecture, 
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design, and construction professionals to take the appropriate steps towards a carbon-neutral7 

society.  Professionals can voluntarily adopt the following targets for their current and future 

projects (Architecture 2030, 2012): 

• All new buildings, developments and major renovations shall be designed to meet 

a fossil fuel, GHG-emitting, energy consumption performance standard of 50% of 

the regional (or country) average for that building type. 

• At a minimum, an equal amount of existing building area shall be renovated 

annually to meet a fossil fuel, GHG-emitting, energy consumption performance 

standard of 50% of the regional (or country) average for that building type. 

• The fossil fuel reduction standard for all new buildings and major renovations 

shall be increased to 60% in 2010; 70% in 2015; 80% in 2020; 90% in 2025; and 

carbon-neutral in 2030 (using no fossil fuel GHG emitting energy to operate). 

The Architecture 2030 challenge suggests meeting these targets through sustainable 

building design, and the creation or purchase of renewable power.  The group suggests utilizing 

the aid of a green building assessment tool to ensure new and renovated buildings meet the 

following criteria (Architecture 2030, 2012): 

• lower energy usage; 

• maximize water efficiency; 

• reduce CO2 emissions; 

                                                

7 Carbon-neutral is “making or resulting in no net release of carbon dioxide into the atmosphere, especially as a result 
of carbon offsetting”. (New Oxford Dictionary, 2012) 
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• improve indoor environmental quality; 

• and promote stewardship of resources and sensitivity to their impacts. 

1.5.2 USGBC and LEED 

In the U.S., the most recognizable green building assessment tool among designers and 

engineers is the Leadership in Energy and Environment Design (LEED) Green Building Rating 

System created by the United States Green Building Council (USGBC).  The USGBC is (U.S. 

Green Building Council, 2011): 

A nonprofit organization committed to a prosperous and sustainable future through cost-

efficient and energy-savings green buildings.  USGBC works towards its mission of 

market transformation through its LEED green building certification program, robust 

educational offerings, a nationwide network of chapters and affiliates, the annual 

Greenbuild International Conference & Expo, professional credentials and advocacy in 

support of public policy that encourages and enables green buildings and communities. 

Launched in 2000, the LEED Certification System is a set of guidelines created to guide builders 

and owners through the process of designing, constructing and operating a sustainable building 

(Katz, 2012; U.S. Green Building Council, 2012).  The rating system evaluates environmental 

performance from a whole building perspective over a building’s life cycle, providing a 

definitive standard for what constitutes a ‘green building’.  The USGBC also claims LEED 

certification publicly promotes sustainability by awarding excellence in building performance 

within seven areas of commercial green building design:  
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• Sustainable Sites - Encourages decision makers to choose building sites that 

promote the use of land development practices that preserve or restore local 

resources and limit the negative impact on the local ecosystem. 

• Water Efficiency - Encourages the reduction of large amounts of water that 

people use in buildings which generally does not return to the natural water 

system. 

• Energy and Atmosphere - Encourages the reduction of fossil fuel dependence by 

minimizing usage and by utilizing less harmful types of energy. 

• Materials and Resources - Encourages the reduction, utilization of locally 

produced and use of renewable building materials to divert up to 80% of 

construction related waste from landfills. 

• Indoor Environmental Quality - Encourages the reduction of indoor air and light 

pollutants to result in healthier, happier and more productive occupants. 

• Innovation Design - Encourages new green design principles by awarding 

excellence in innovation and sustainable designs with credit towards building 

certification. 

• Regional Priority - Encourages support of local environmental concerns that have 

been selected by local entities through the design, construction and maintenance 

of the building. 

Within each category the USGBC outlines perquisites that must be met and other guidelines that 

can be chosen from to receive credit towards the building’s aspiring certification level (U.S. 

Green Building Council, 2009).  
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The USGBC offers 9 product lines within the LEED Rating System including: New 

Construction; Existing Buildings: Operations and Maintenance; Commercial Interiors; Core & 

Shell; Schools; Retail; Healthcare; Homes; and Neighborhood Development (U.S. Green 

Building Council(e), 2012).  In each product line, specific building types are addressed within 

the seven categories of green design to ensure all types of buildings and the unique issues 

associated with them are considered during the construction process.  Because the guidelines are 

open to scrutiny, the USGBC occasionally revises them as designers and technology advance in 

their ability to create and maintain more sustainable environments (U.S. Green Building Council, 

2009).  

The USGBC has outlined a certification process to make it easier for projects to conform 

to the LEED rating System.  At the beginning of each building project, the design team 

determines which product line is most appropriate for their project depending on the type of 

building they are constructing or renovating (Kubba, 2010).  The project is registered with the 

USGBC and a fee is paid, allowing the design team to access essential tools and information 

needed to properly document and certify the project (U.S. Green Building Council, 2009).  In 

most cases the owner and/or architect has already decided which level of certification they will 

pursue for the building.  Currently there are 4 levels of certification: Certified, Silver, Gold and 

Platinum.  If the Platinum certification, the most challenging and generally the most initially 

expensive to meet the requirements, if obtained then the USGBC returns the registration and 

certification fee after it is awarded (U.S. Green Building Council, 2009). 

After initial registration, a project team leader is chosen and subsequently made 

responsible for collecting information and performing calculations needed to satisfy the 

perquisites and credits within each category within the LEED rating system (U.S. Green 
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Building Council, 2009).  To receive the LEED Certification the project must satisfy all of the 

prerequisites and a minimum number of additional credits.  This depends on the level of 

certification the project is trying to obtain and the product line chosen based on the building type.  

For example in the New Construction certification process, the rating levels include: Certified, 

26 – 32 credits; Silver, 33 – 38 credits; Gold, 39 – 51 credits; and Platinum 52 – 69 credits.  

During the construction process the USGBC reviews the project twice to insure LEED rating 

system compliance, once after the design phase and again after the construction phase.  When the 

USGBC determines a project has met 1 of the 4 levels of LEED certification, they send a formal 

letter of certification and mountable plaque for the building (U.S. Green Building Council, 

2009).  Participating in the certification process and the awarding of any level of LEED 

certification is used in most organizations as a way to promote their pro-environmental 

stewardship (Kubba, 2010).  

However, critics of the LEED rating system argue the current certification requirements 

fall short in providing consistent energy conservation results in LEED certified buildings 

(Kamenetz, 2007).  While researchers have shown LEED buildings on average utilize 10-39% 

less energy than traditional buildings (Baylon & Storm, 2008; Fowler & Rauch, 2008; Fowler, 

Rauch, Henderson & Kora, 2010; Newsham, Mancini & Birt, 2009), these numbers are not 

nearly those required to meet the Architecture 2030 Challenge.  Critics also claim this provides 

evidence that LEED certification levels (certified, silver, gold, and platinum) do not correlate 

with energy conservations results in LEED buildings (Newsham et al., 2009; Diamond, Opitz, 

Hicks, Vonneida, & Herrera, 2006) and that while higher certification levels can improve resale 

on buildings it does not resulting in corresponding energy savings (Fuerst & McAllister, 2010).  

Surprisingly, some studies show 28-35% of LEED buildings use more energy than their non-
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LEED certified counterparts, (Newsham et al., 2009) and in some cases occupied LEED 

buildings consumed more energy than was expected by designers and engineers during the 

planning phase of the project.  Researchers tended to conclude the designers, in these instances, 

did not account for occupant behavior and their willingness to adapt to new technology 

(Torcellini et al., 2004). 

While LEED has been proven to improve building efficiency it takes a more traditional 

approach, and mainly targets architects, designers, and owners, not occupants.  Some researchers 

now argue building technology alone will not result in significant differences in energy 

consumption and that individual occupant behavior must be considered to have the greatest 

impact on conservation (Newsham et al., 2009).  According to the National Institute of Building 

Sciences, when considering life-cycle costs of a building (those costs incurred during the life-

span of the building) only 2% represents the initial cost of the building, 6% is the cost of 

operation of equipment, and 92% is related to the occupants costs (Osso, Walsh, Gotfried, & 

Simon, 1996).  Studies have also shown behavior accounts for 45%-55% of all energy usage and 

while consumption can vary daily by 15%, depending on the choices people make regarding 

energy conservation behavior, (Schipper et al., 1989) a 25% reduction alone can occur from 

changing how individuals use readily available conservation technology (Junnila, 2007; Osso, 

Walsh, Gotfried, & Simon, 1996).  While LEED focuses on the promoting energy-conservation 

behaviors, questions surround the motivation of occupants to participate in and not sabotage pro-

environmental intentions set by others, and whether or not this consideration be included in the 

overall understanding of a building’s potential energy savings. 
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1.5.3 Lighting Conservation 

One of the easiest areas for an occupant to reduce energy consumption is through smart 

lighting choices and usage.  During 2010 in the U.S., 13% of the natural resources used for 

energy are designated for lighting (U.S. Energy Information Administration, 2012).  While this 

number has decreased down from 17% in 2006, further reductions are possible through 

efficiency and curtailment behaviors.  The addition of alternative energy sources have helped to 

reduce the negative impacts of excess lighting usage, but more importantly with the advent of 

newer technology including LEDs and occupancy sensors, users are able to have a greater impact 

on the environment while utilizing these devices.  This idea has lead the U.S. government to 

enact the Energy Independence and Security Act of 2007 which, among other goals, will phase 

out most incandescent light bulbs by the year 2014 (110th Congress, 2007).  However, the best 

and most efficient devices are only effective if used properly.    

Lighting usage studies have revealed switching behavior among individuals appears to be 

random, but is instead controlled consciously and consistently.  The reasoning, however, behind 

variations in switching patterns between individuals can vary greatly depending on the space and 

the lighting technology (Hunt, 1979; Love, 1998; Pigg, Eilers, & Reed, 1996; Reinhart & Voss, 

2003).  A number of elements influence a person’s need to use lighting including: time of day; 

age; eye-sight; fatigue; and cultural background (Rea, 2000).  In a study by Reinhart and Voss 

(2003), comparisons were made between a various lighting studies to investigate switching 

behaviors of individuals in search of commonalities. (See Table 1.2) 
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Table 1.2: Comparison of switching behaviors across lighting studies (Reinhart & Voss, 
2003) 

Trends in Manual Control of Artificial Lighting References 
• People usually pertain to either of the following behavioral 

classes; 
• People who switch the lights for the duration of the working 

day and keep it on even in times of temporary absence and; 
• People who use electric lighting only when indoor illumination 

levels due to daylight are low. 

Love 1998, 
Reinhart and Voss 
2003 

• All lights in a room are switched  on and off simultaneously Hunt 1979 

• Switching mainly takes place when entering or vacating a 
space 

Hunt 1979, Love 
1998, Pigg 1996 

• The switch-on probability on arrival for artificial lighting 
exhibits a strong correlation with minimum daylight 
illuminances in the area. 

Hunt 1979, Love 
1998 

• The length of absence from an office strongly relates with the 
manual switch-off probability of the artificial lighting system 

Pigg 1996, Reinhart 
and Voss 2003 

• The presence of an occupancy sensor influences the 
behavioral patterns of some individuals.   

• On the average, people in private offices with occupancy 
control are only half as likely to turn off their lights upon a 
temporary departure as people without sensors. 

Pigg 1996 

 

Comparisons across studies revealed opportunities for occupants to reduce lighting use 

by switching off lighting when not needed.  In several instances, individuals were observed 

leaving lightings on when the room was unoccupied, turning on a light when the light level was 

previously sufficient or not switching off a light when the lighting became brighter than was 

required to complete a task (Hunt, 1979; Love, 1998; Pigg et al., 1996; Reinhart & Voss, 2003).  

Energy simulation software predicts the use of curtailment behaviors by individuals could reduce 

energy expended on lighting upwards to 40%, (Bourgeois, Reinhart, & Macdonald 2006).  

Reducing lighting usage through curtailment behaviors and maximizing the use of energy 

efficient lighting can help achieve the greatest savings of lighting energy and reduce the amount 

of CO2 being released into the atmosphere. 
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1.6 Hypotheses 

All the above-mentioned literature indicates a number of ways to decrease reliance on 

fossil fuels and reduce CO2 emissions being released into the environment.  Current regulative 

initiatives are forming standards and protocols aimed towards focusing nations at meeting energy 

conservation goals.  However, research states these tactics may not be as effective as 

governments and corporations had hoped.  There are opportunities to investigate ways to 

promote organizational environmental stewardship and consumer pro-environmental behaviors, 

but understanding the role of each player is a critical first step towards compliance.  Taking a 

step back and investigating one of the more popular approaches among organizations today, in 

promoting environmental commitment might yield interesting results in improving current 

systems, specifically the desire to build “green”. 

While recent emphasis has been placed on sustainable building design, construction, and 

operational energy consumption, it is also important to understand consumption behaviors of the 

building’s occupants.  Stricter requirements in LEED guidelines on energy consumption are a 

step in the right direction, but more research needs to be completed to fully understand the 

human factor in sustainable design.  Participating in efficiency behaviors when the building is 

planned is only one method that can be utilized when constructing a LEED building.  

Considering the values and beliefs of the occupants in the space could increase the adoption rate 

of new technologies.  While understanding the effectiveness of curtailment-focused energy 

conserving designs could increase curtailment behaviors among occupants.  Consequently, the 

specific questions to be addressed when building “green” are whether existing LEED certified 

buildings promote sustainable energy consumption habits among its occupants, and what 

improvements can be made to the current guidelines to improve occupant involvement in energy 
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conservation.  This research aims to answer these questions through testing the following 

hypotheses: 

• Occupants in a US Green Building Council LEED Certified student dormitory 

have lower estimated annual lighting carbon footprints than those in a similarly 

designed and built non-certified building. 

• Occupants continually exposed to lighting energy conservation prompting signage 

have lower estimated annual lighting carbon footprints, based on the profile for 

the duration of the study period, than those not exposed to the signage. 

• Of those occupants exposed to lighting conservation prompting signage, the 

occupants in a US Green Building Council LEED Certified student dormitory will 

have lower estimated annual lighting carbon footprints, based on the profile for 

the duration of the study period, than those in a similarly designed and built non-

certified building. 

 

In addition, the research results may have implications for additional design guidelines that 

would encourage environmentally sustainable habits among building users in a green building. 
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CHAPTER 2: METHODOLOGY 

2.1 Research Sites 

Two Cornell University undergraduate student dormitories were chosen for the study - 

the Alice H. Cook House, a USGBC LEED Certified building (see Appendix A for a copy of the 

LEED points awarded), and the Hans Bethe House, a building comparable in design 

specifications, construction, and operational methods but not LEED certified.  Both buildings are 

located on the West Campus of Cornell University in Ithaca, New York, and were designed by 

Kieren Timberlake Associates, LLP and built by Welliever McGuire Construction Company.  

Both are relatively similar in site orientation, size, and design.  The buildings were built with 

similar sustainable design and construction practices; however USGBC LEED certification was 

only applied for and awarded to the Alice H. Cook House.  Both dormitories rely on university-

supplied energy for both heating and electricity created through the use of coal-fired generators.  

The coal-fired generators and a waste heat steam generator supply heating; however the coal-

firing generators solely supply electricity. Each dormitory provides furnished resident rooms for 

sophomores, juniors and seniors, and includes mostly suites and a small number of rooms not 

attached to suites.  The non-suites rooms have access to a shared public bathroom, whereas the 

suites contain, on average, 4-7 resident rooms, a shared bathroom and a common area.  

Completed and LEED Certified in 2004, the Alice Cook House (LEED building) contains 

six stories: two stories specifically for mechanical spaces (Ground and the 5th floor), one story 

includes common areas (1st floor), and three stories are designated residence floors (2nd, 3rd and 

4th floors). (See Appendix B for complete floor plans.)  This LEED building houses 115 
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students, 2 Graduate Resident Fellows and an occasional visitor.  Additionally, there are two 

separate apartments for the House Professor and the House Dean.  

Completed in 2007, Hans Bethe House (non-LEED building) has 7 stories: two stories 

specifically for mechanical spaces (Ground and the 6th floor), two stories contain common areas 

(1st and 2nd floors), and five stories designated resident housing (1st, 2nd, 3rd, 4th, and 5th 

floors). (See Appendix C for complete floor plans.)  This non-LEED building houses 314 

students, 6 Graduate Resident Fellows, and an apartment for the House Professor. Table 2.1 

shows the amenities, size and distribution of space for each dormitory.   

Table 2.1: Area Comparison of Dormitories 

Location Alice Cook House Hans Beth House 

Building Gross Area 78,438 142,901 
Building Net Area 65,735 119,377 
House Professor Apartment 2,121 2,529 
House Dean Apartment 1,417 N/A 
Dining Hall ~8,300 ~7,700 
Common Room 1,873 1,464 
Administrative Offices 815 1,030 
Seminar Room 516 611 
Conference Room 269 334 
Library 764 766 
Lounge 139 195 
Computer Lab 221 111 
Music Room 83 104 
Bike Storage 124 110 
Laundry Facilities 185 287 
Note: Data is representative of the net area, in square feet, per listed location, except 
building gross area. 

 

Table 2.2 and Table 2.3 show the quantities and average square feet of the areas on the 

floors included in the study (floors 2, 3, and 4 only).  
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Table 2.2: Quantities comparison of dormitories (Floors 2-4) 

Areas of Interest Alice Cook House Hans Beth House 

Students per floor 27-44 59-84 
Non-suite Singles Bedrooms per floor 7 11-21 
Non-suite Double Bedrooms per floor 1-2 3-4 
Suites per floor 4-6 8-19 
Bathrooms per suite 1-2 1-2 
Single Bedrooms per suite 3-5 3-4 
Double Bedrooms per suite 1-2 1 
Note: Data is representative of quantities of specified spaces on floors 2, 3, 4 only. 

 

Table 2.3: Area comparison of dormitories (floors 2-4) 

Areas of Interest Alice Cook House Hans Beth House 

Avg. gross area per floor 12,337 23,298 
Avg. net area per floor 10,143 19,041 
Non-suite Single Bedroom ~111 ~104 
Non-suite Double Bedroom ~198 ~213 
Suite Common Room ~308 ~278 
Suite Bath ~85 ~92 
Suite Single Bedroom ~110 ~103 
Suite Double Bedroom ~217 ~189 
Note: Data is representative of the net area, in square feet, per listed location, except 
floor gross area. 

2.1.1 Participant Resident Room Description 

To control for daylight effects in both dormitories, only single-occupancy rooms on 

floors 2, 3 and 4 with North or South facing windows were selected for participation in the study.   

The participant resident rooms included in the study ranged in size from 100 to 110 square feet, 

and each contained a small closet (~8 sq. ft.).  Materials used in each room included: white 

drywall walls, white acoustical tile ceilings ranging from 10 to 12 feet high, solid wooden doors, 

and wall-to-wall carpeting.  Wooden furnishings provided by the university included one extra 

long twin bed, a desk with a detachable hutch, and a three-drawer dresser.  
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The lighting in all rooms included a university supplied ambient-light luminaire 8 

(operated by a wall switch next to the room’s entry), a university supplied task-light luminaire 

(controlled at the source) and some rooms had additional luminaires supplied by the student 

(controlled at the source).  The type of ambient-light luminaire used was dormitory dependent.  

The rooms in the LEED building had a small round wall luminaire that held one 26-watt 

(F26TBX/SPX30/A/4P) lamp.  The rooms in the non-LEED building had an up-light luminaire 

kit attached to a fan that held one 40-watt (T-5 Circline Lamp) lamp.  Both buildings provided 

the same task light that held a 13-watt (F13BX/SPX35/835) lamp.  Additionally, each room 

received daylight through two operational windows, and operational double cellular blackout 

shades were provided at each window for day lighting control and visual privacy.  (See the 

Appendix D for examples of single rooms and luminaires in each building.)  

2.2 Participants 

Ten participants, five males and five females voluntarily participated in the study.  All 

participants were enrolled in the university during the spring 2008 semester and were recruited 

through a personal invitation before and after the semester began (See Appendix E for a copy of 

the invitation).  Upon completion of the data collection and surveys each participant was give a 

compensation of $10.  The Cornell University Human Participants Institutional Review Board 

deemed the study exempt from Federal Regulation for the Protection of Human Subjects on 

March 5, 2007. (See Appendix F for copy of exemption.) 

                                                

8 Luminaire is defined here by lighting fixture containing a lamp. 
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Participants varied between 19 and 24 years old with a mean age of 21.1, and current 

education levels included sophomores (n=3), juniors (n=5), and seniors (n=2).  Participants 

resided on 3 different floors within both buildings (2nd floor, n=2; 3rd floor, n=4; 4thfloor,n=4), 

6 of the participants were in the LEED building and 4 in the non-LEED building.  Location of 

participant rooms varied on each floor but included an equal distribution of north and south 

facing windows.  Nine participants resided in the dormitory of their choice, and 1 participant 

resided in the non-LEED building, but listed the LEED building as their first choice on their 

dormitory selection application.  Of the participants who chose the Alice Cook House as a 

residence, none listed the LEED Certification as a contributing factor toward their choice, and 

none were aware of the LEED certification before the experiment began. 

2.3 Design 

The study was a quasi-experimental design involving two levels of independent variables 

and one dependent variable as depicted in Figure 2.1.  The first independent variable level was 

LEED Certification and its existence (LEED) or absence (non-LEED) within a building.  The 

second level of independent variable was embedded in the first independent variable and tested  
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the absence (no sign) or presence (sign) of a lighting conservation sign. The dependent variable 

was the estimated annual lighting carbon footprint (EALCF) produced by each participant for the 

duration of a school year.  Additionally, the investigators controlled for covariates such as room 

location, temperature, day lighting and student’s schedules during the study.  A mediator - 

participant’s daily artificial lighting usage in kilowatt hours (DkWh) – was used in the 

calculation of the EALCF.  A simplified representation of the EACF calculation can be seen in 

Figure 2.2.2. (The entire formula can be seen in Section 2.7) Additional predictor variables 

considered were each student’s environmental involvement, 2007 transportation carbon 

footprint, and gender. 

 

            Figure 2.2.2: Use of Mediator in EALCF Calculation 

Luminaire	  
Daily	  Usage	  
per	  Minute	  

Daily	  Kilowa6	  
Hour	  Usage	  

Es9mated	  
Annual	  
Ligh9ng	  
Carbon	  
Footprint	  

Figure 2.1: Experimental design 
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2.4 Apparatus 

2.4.1 Signage 

The overall design of the lighting conservation signs was the same for both buildings 

except the wording of the phrases varied by building, because building-specific information was 

included on the signs.  For example on the LEED sign, the investigator included a way for 

participants to obtain information about the USGBC LEED certification process.  The original 

intended placement of the sign, as a double light switch cover (4.75” wide x 4.5” high), served as 

the template for the signs’ original shape and size.  However, the sign need to be increased in 

size to ensure readability, making it too large to serve as a light switch cover.  Since the presence 

of the sign, not the design of the sign, was being tested, a simple readable sign was deemed the 

most important element.  Additionally, the sans serif and color of the font were chosen for the 

easier legibility.  The main font size was designed to meet the recommendations made by Evans 

and Ginsburg (1985) for a viewing distance of 8’ with 20/40 vision.  The muted background 

color was chosen to help the legibility of the text and the color was chosen because, in the United 

States, sustainability is usually associated with the color green.  The symbol chosen to 

accompany the text was a fluorescent light bulb, because it is often promoted as the easiest way 

to increase lighting energy efficiency. 

The final signs were created using graphics software (Adobe Illustrator CS2 version 

12.0.1 for Mac).  The overall size of both signs was 6.2” wide x 5.5” high with rounded corners.  

The background color was green (color #: C6E898 - R-198 G-232 B-152) with a .5” wide white 

line enclosure (color #: FFFFFF - R-255 G-255 B-255).  The light bulb graphic was retrieved 

from www.istockphoto.com, (image #: 455319 - image name: cartoon light bulb bonus pack) and 
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placed to the right side of the sign.  The colors within the light bulb were altered to be a brighter 

yellow (color #: F6E35F - R-246 G-227 B-95) and shades of gray on the top (color #: b2b2b2 - 

R-178 G-178 B-178) and bottom (color #: 8d8c8a R-141 G-140 B-138) of the socket. 

Both the primary and secondary text for both signs was black (color #: 000000 - R-0 G-0 

B-0) with font Ariel.  The primary text was justified left with a font size of 35.98 points and the 

secondary text was center justified with a font size of 15.75 points.  For easier readability by the 

participants the words chosen for the primary text were constructed as a simple active sentence 

(Broadbent, 1977).  Additionally to aid legibility the entire text was a mixture of upper and lower 

case letters (Poulton, 1967).  The primary text for the LEED sign was “Turn off the Lights!  

You’re in a LEED Certified Green building”, and the secondary text included “LEED buildings 

improve the quality of life for everyone.  For more information on LEED visit www.usgbc.com”. 

The primary text for the non-LEED sign was “Turn off the Lights! You’re in a Green building”, 

and the secondary text included “Green buildings improve the quality of life for everyone”.  

Once the design was finalized, each sign was printed in color on matte cardstock using a laser 

printer and laminated before posted. (See Appendix G for reprints of the signs.) 

2.4.2 Indoor Data Loggers 

Interior data loggers (HOBO model #: H08-004-02 from the ONSET Computer 

Corporation) capable of tracking temperature, relative humidity and/or light intensity within its 

immediate environment were used.  However, for this experiment only the light intensity feature 

was activated. According to the HOBO manual (2003) the “light intensity sensor approximates 

the sensitivity to the human eye…the nominal range is 2 to 600 footcandles (21.5 to 6458.3 lux); 

maximum value can vary from 300 to 900 footcandles (3229.1 to 9687.5 lux).  The sensor’s 

angular response is roughly cosine dependent, with 0° being directly above the sensor.”  In 
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accordance to the angular response, one HOBO was assigned to each luminaire and the light 

sensor was placed in direct contact with each lamp’s shade or diffuser to capture the highest light 

intensity readings as possible. (See Appendix H for an example of HOBO placement). 

Prior to data collection, the HOBOs were individually programmed to record light 

intensity every 5 minutes during data collection, starting at 8 am on the first day and ending at 5 

pm on the last day.  The data was then stored on the HOBO until the investigator downloaded it 

using HOBOware, the same software used to program the HOBOs.  The data was then exported 

from HOBOware into a .csv file that was later imported into Microsoft Excel 2004 for Mac, 

version 11.5.  The investigator reviewed each file and dichotomized the status of the lights 

(on/off) using the thresholds customized for each luminaire.  Once the lumen thresholds for each 

luminaire were determined, the investigator was able to calculate the participant’s daily lighting 

usage in minutes per luminaire (LDm). 

2.4.3 Kilowatt meter 

An electricity usage monitor (kWh meter) (model #: P4400 Kill A Watt manufactured by 

P3 International), was used to collect several types of measurements from corded luminaires 

including: watts, kilowatt hours, and elapsed time.  (See Appendix I for an example of the meter) 

Only corded luminaires were measured using the kWh meter because it tracked usage by having 

the luminaire directly plugged into the kWh meter, and then the kWh meter plugged into an 

electrical socket.  The kWh meter allowed for a maximum voltage of 125VAC, maximum 

current of 15A, and maximum power of 1875VA. 

Data was cumulatively stored and displayed on a Liquid Crystal Display (LCD) display 

located on the front of the kWh meter.  During the study the displays were covered so 
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participants could not view their kWh total, because the effect of a feedback display on kWh 

usage was not within the parameters of the study.  Since the kWh meters didn’t have a memory 

or backup power source, data only remained on the kWh meter while it was plugged into the 

electrical socket and once removed from the socket the stored data was cleared.  Consequently, 

data tracked by the kWh meter had to be recorded manually by the investigator at every data 

collection point.  The cumulative data stored could not be separated by day, resulting in only 1 

data point for each tested condition per corded luminaire.  The main purpose of the data collected 

using the kWh meters was to ascertain the wattage of luminaires and verify the results calculated 

from the HOBO data for the corded luminaires. 

2.5 Survey Instruments 

During the last meeting the participants were asked to complete an online survey created 

by the investigator.  (See Appendix K for a non-html version of the survey) The survey was 

created and administered by the investigator through Checkbox version 4.4, designed by Prezza 

Technologies, Incorporated.  The main purpose of the survey was to ascertain each participant’s 

environmental impact and involvement.  The survey included 22 multiple-choice questions and 

11 open-ended questions.  Participants were asked specific questions about their schedules 

during the data collection process, including: personal, work and school.  They were also asked 

about their lighting usage, recycling habits, involvement in environmental programs, and 

dormitory selection preferences.  Lastly they were asked about their transportation usage for 

2007, including: car, bus, train and plane usage.  The survey took under 20 minutes to complete 

and answers were compiled using the export function in Checkbox.  The results were used in 

conjunction with the daily kWh usage ascertained over the 2-week data collection period to 

calculate covariates and predictor variables. 
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2.6 Procedure 

2.6.1 Schedule and Installation 

The data collection phase began during Cornell University’s 2008 spring semester, 

starting January 26 and ending March 2.  Testing for each participant occurred between 13 and 

15 consecutive days within the data collection phase.  The first 5 participants (2 in the non-

LEED building and 3 in the LEED building) were tested between January 26 and February 10.  

After a 5-day break the remaining 5 participants (2 in the non-LEED building and 3 in the LEED 

building) were tested between February 16, and March 2.  During these 2-week data collection 

periods, each week tested a different sign condition.  The first week of data collection tested the 

effect of no sign in the participant’s room, and the second week tested the effect of a sign in the 

participant’s room.  There was 6 to 8 day variability per condition per participant due to the 

investigator’s limited access to the participants’ room. 

Each participant’s lighting usage was monitored and metered during the entire data 

collection period using HOBOs and kWh meters.  The HOBOs were adhered to all luminaires in 

the room (corded and hardwired) to track switching behaviors, specifically how long each 

luminaire was pulling electricity.  The kWh meters were used to track the amount of electricity 

each corded light was pulling during the duration of the study under each condition.  

Additionally, data from the kWh meters were used to verify some of the raw HOBO data 

conversions made by the investigator, when calculating daily lighting usage.  After verifying the 

total number of minutes the lighting was in use per day by each participant, this data and the 

wattage of each light were used in the final calculation of each participant’s estimated annual 

lighting carbon footprint. 
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2.6.2 On-site Data Collection 

Upon entering the participant’s room for the first time, a verbal explanation of the 

procedure was given and a consent form explaining the partial purpose of the experiment, basic 

procedure, risks/benefits, compensation, and investigator contact information was presented to 

the participants. (See Appendix J for copy of consent form.)  It is important to note participants 

were not told the full purpose of the experiment to reduce the chance for evaluation 

apprehension.  The participants were told the purpose of the study was to research lighting usage 

habits of college students in different types of resident halls.  Sustainability testing was not 

mentioned until the investigator returned on the final day of data collection.  Once the consent 

form was signed the investigator recorded the location of the furniture, windows and lights 

within the room.  If the participant was located within the LEED building they told they lived in 

a LEED building and were then presented with two brochures explaining the U.S. Green 

Building Council and the purpose of LEED certification.  The investigator then unplugged all the 

corded luminaires currently plugged into the electrical sockets in their room.  The investigator 

plugged each corded luminaire into a separate kWh meter and then plugged the kWh meter in to 

the electrical socket.  This kWh meter did not affect their luminaires, and participants were 

encouraged to use the lighting in the same manner as before the installation of equipment.  The 

kWh meter’s digital output display was also covered with black electrical tape and participants 

were instructed to not remove the tape.  They were advised to leave the meter in place during the 

duration of the experiment, because removal from the socket would result in lost data.  

Participants were also advised not to plug or unplug any items into the kWh meter during the 

testing weeks, as this would result in inaccurate data.  The HOBOs were attached using electrical 

tape to all lights including the ambient light luminaire. (See section 2.4.2 for installation details.) 
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Participants were also instructed to leave the HOBOs in place for the duration of the experiment. 

The entire process took approximately 15 to 30 minutes to complete.  Before exiting the room 

the investigator and participant set-up a follow-up meeting for the next weekend based on the 

participant’s availability.   

When the investigator returned at the start of week 2 for the second meeting, data on the 

kWh meters was manually recorded and a sign was posted in the room, above the light switch, 

for the remaining days of data collection.  This meeting did not exceed 15 minutes.  Before 

leaving the room the investigator and participant set-up the final meeting for the following 

weekend based again on the participant’s availability.   

On the last day of data collection, the investigator returned to record the final data and 

remove equipment from the room.  Once the kWh data was recorded the kWh meters were 

removed from the sockets and the corded luminaires were plugged back into the electrical 

sockets.  The HOBOs were also removed from all luminaires.  During this time the participant 

was informed of the full purpose of the experiment.  The investigator asked the participant to 

complete an online survey regarding their lighting usage behaviors from the previous 2 weeks, 

transportation usage for 2007, and some personal information.  Subjects were then compensated 

$10 at the completion of the survey.  The final meeting did not exceed 30 minutes. 

2.7 Data Analysis 

All data were analyzed using a multivariate statistical package, SSPS version 15 for Mac.  

To transform each luminaire’s daily usage in minutes (LDm) into EALCF, LDm was divided by 

60 to ascertain its daily lighting usage in hours (LDh).   

1. !"#
!"

= 𝐿𝐷ℎ 
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Next the each luminaire’s daily kWhs expended (LDkWh) was calculated by multiplying LDh by 

the luminaire’s wattage (LW). 

2. 𝐿𝐷ℎ 𝐿𝑊 = 𝐿𝐷𝑘𝑊ℎ(!!!!⋯!!) 

Then the total daily kWhs expend per participant (DkWh) was calculated by adding all the 

LDkWh results for that participant together.  

3. 𝐿𝐷𝑘𝑊ℎ! + 𝐿𝐷𝑘𝑊ℎ𝐿! +⋯+ 𝐿𝐷𝑘𝑊ℎ! = 𝐷𝑘𝑊ℎ 

The DkWh was then multiplied by amount of carbon emission produced per kWh (1.7 lb) to 

determine the daily carbon emissions in pounds produced by each participant from their lighting 

usage (DLCF).   

4. 1.7𝐷𝑘𝑊ℎ = 𝐷𝐿𝐶𝐹 

DLCF was then multiplied by the number of days the dormitory was open for student living in 

the school year 2007-2008 (273 days) to determine the EALCF.   

5. 𝐷𝐿𝐶𝐹 273 = 𝐸𝐴𝐿𝐶𝐹 

Additional calculations were performed to determine significance of variables within the second 

step of the EALCF equation producing the Linear Mixed Model Analysis results.  To perform 

this analysis the total the total luminaire wattage per participant (TLW) and the total artificial 

lighting usage in hours by participant per day (TLDh) was calculated.  The TLW was determined 

by adding all the LW within the participant’s room: 

𝐿𝑊! +   𝐿𝑊! +⋯+ 𝐿𝑊! = 𝑇𝐿𝑊 

The TLDh per participant was calculated by added the LDh of each luminaire with the room: 
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𝐿𝐷ℎ! +   𝐿𝐷ℎ! +⋯+ 𝐿𝐷ℎ! = 𝑇𝐿𝐷ℎ 

Following the calculations to determine the EALCF, additional calculations were 

performed to find the significance within the data.  EALCF data was analyzed using a Linear 

Mixed Model analysis (variables included: green building certification, signage, gender, and 

number of luminaires), LW was examined through an analysis of variance, and TLDh was 

investigated using a regression equation comparing the sign verses no sign condition.  

Each participant’s personal norm towards pro-environmental behavior was determined by 

measuring his or her participation in easily accessible pro-environmental activities.  Participants 

were questioned about their recycling and composting habits when living on-campus and off-

campus, and their level of involvement in environmental programs or organizations all year.  All 

responses were combined to formulate a final pro-environmental behavior score. 

(Recycling Score + Composting Score + Environmental Program Participation)/3 
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CHAPTER 3: RESULTS 

3.1 Estimated Annual Lighting Carbon Footprint 

3.1.1 Disruption Effect 

When the Estimated Annual Lighting Carbon Footprint (EALCF) data was first analyzed 

an anomaly was discovered in the Day 1 data for both weeks of data collection.  On the days the 

experimenter had contact with the subjects, installed and adjusted equipment and/or signage, 

lighting consumption was found to be abnormally greater than the days that followed. (Figure 

3.1)  The investigator believes this disruption had a behavior altering effect on the subjects 

substantially skewing the data for most subjects, otherwise known as a disruption effect. (Bracht 

& Glass, 1968)  Consequently the investigators made the decision to remove all of day one data 

of both signage conditions to minimize the disruption effect.  All the calculations for this study 

included data from the days following day one of each signage condition. 
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Figure 3.1: Mean EALCF by Day of Observation 
 

3.1.2 Main Effects 

The linear mixed model (LMM) revealed a main effect of green building certification (F 

(1, 3.04) = 19.57 p< .05), and the average EALCF was lower for participants who lived in the 

LEED Building (n= 87, mean= 6298.38, SD = 4793.13) than those in the non-LEED building (n 

= 53, mean = 13102.13, SD = 8773.07) (Figure 3.2).  There were no main effects for gender, F (1, 

3.59) = 2.39 p> .05, signage F (1, 121.35) = 2.14 p> .05, and number of luminaires, F (1, 3.17) = 6.56 p > 

.05.  During data analysis 2-, 3- and 4-way interactions were tested, however only 2 different 3-

way interaction effects were significant.   
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3.1.3 Interactions 

There was an interaction between green building certification, signage and number of 

luminaires, F (1, 121.12) = 10.93, p< .05 (Figure 3.3).  Pairwise comparisons were subsequently 

performed to determine the level of contribution each independent factor had on the interaction’s 

significance.  By isolating and cross-comparing each factor, the investigator was able to 

determine which variables’ values were significant and had contributed to the interaction’s level 

of significance.  The factors values found significant within the interaction were: 
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Within the signage factor: 

• Participants with 3 luminaires, in the non-LEED building, had lower EALCFs 

during the sign condition (n = 19, mean = 7116.42, SD = 3795.62) than the no 

sign condition (n = 19, M = 15068.30, SD = 7621.24), F (1, 121.46) = 26.70, p< .05. 

(Figure 3.3) 

Within the luminaires factor: 

• LEED building participants, during the sign condition, had lower EALCFs with 2 

luminaires (n = 23, mean = 4285.83, SD = 1712.38) than those with 4 luminaires 

(n = 8, mean = 15489.39, SD = 7192.84), F(1, 9.53) = 4.44, p< .05. (Figure 4.6) 
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• Non-LEED building participants, during the sign condition, had lower EALCFs 

with 3 luminaires (n = 20, mean = 7116.42, SD = 3795.62) than those with 4 

luminaires (n = 7, mean = 17875.34, SD = 11130.69), F (1, 12.155) = 17.65, p< .05. 

(Figure 3.3) 

Within the green building certification factor: 

• Participants with 3 luminaires within the no sign condition had lower EALCFs in 

the LEED building (n = 14, mean = 6151.69, SD = 3130.60) building than those 

in the non-LEED building (n = 19, mean = 15068.30, SD = 7621.24), F (1, 11.65) = 

23.78, p< .05. (Figure 3.3) 

• Participants with 4 luminaires within the sign condition had lower EALCFs in the 

LEED building (n = 7, mean = 9906.32, SD = 6347.00) than those in the non-

LEED building (n = 7, mean = 17875.34, SD = 11130.69), F (1, 11.00) = 11.45, p< 

.05. (Figure 3.3) 

There was also a significant interaction between green building certification, signage and 

gender, F (1, 121.43) = 9.38, p < .05.  The pairwise comparison of this interaction’s factors’ values 

found significance: 
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Within the signage factor: 

• Among female participants living in the non-LEED building, EALCF was lower 

during the sign condition (n = 13, mean = 11544.88, SD = 1084.34) than the no 

sign condition (n = 13, mean = 21372.59, SD = 9225.65), F (1, 15.851) = 15.85, p< 

.05. (Figure 3.4) 

Within the gender factor: 

• During the sign condition in the non-LEED building, male participants (n = 13, 

mean = 8481.23, SD = 3696.08) had lower EALCFs than female participants (n = 

13, mean = 11544.88, SD = 10684.34), F (1, 13.20) = 5.68, p< .05. (Figure 3.4) 
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• During the no sign condition in the non-LEED building, male participants (n = 13, 

mean = 11009.85, SD = 3094.83) had a lower EALCFs than female participants 

(n = 13, mean = 21372.59, SD = 9225.65), F (1, 13.20) = 6.92, p< .05. (Figure 3.4) 

Within the green building certification factor: 

• Among female participants during the no sign condition, LEED building 

participants (n = 22, mean = 9658.55, SD = 6550.58) had lower EALCFs than 

non-LEED building participants (n = 13, mean = 21372.59, SD = 9225.65), F (1, 

11.18) = 21.64, p< .05. (Figure 3.4) 

• Among male participants within the sign condition, LEED building participants (n 

= 21, mean = 4054.77, SD = 1956.28) had lower EALCFs than non-LEED 

building participants (n = 13, mean = 8481.23, SD = 3696.09), F (1,11.63) = 22.138, 

p< .05. (Figure 3.4) 

3.2 Lighting Wattage and Usage 

3.2.1 Luminaire Wattage 

Each luminaire was examined for the expected wattage produced when in full operation 

and the average total wattage for all luminaires within the participant’s room (TLW) was 114.97 

watts (n = 138, SD = 91.73).  A two sample t-test was computed on the luminaire wattage by 

supplier, and found the average wattage of university supplied luminaires (n = 138, mean = 

46.65, SD = 7.29) was significantly less than the average wattage of participant purchased 

luminaires (n = 138, mean = 68.31, SD = 89.40), t(1, 137) = -2.83, p< .05.  (Figure 3.5) 
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An analysis of variance (ANOVA) was conducted to investigate the impacts of 

independent variables on the TLW and EALCF results.  Three significant main effects and two 

interactions were uncovered (R2
adj = .99).  There was a significant main effect of green building 

certification, F (1, 1) = 16.22, p< .05.  LEED building participants (n = 6, mean = 88.17, SD = 

88.32) had a lower TLW than non-LEED building participants (n = 4, mean = 154.5.39, SD = 

102.39) (Figure 3.6).  There was a main effect of gender, F (1, 1) = 187.17, p< .05, and male 

participants (n = 5, mean = 60.00, SD = 18.25) had lower TLW than females (n = 5, mean = 

169.40, SD = 111.54) (Figure 3.6).  There was a main effect of the number of luminaires, F (1, 2) 

= 785.80, p< .05, as the number of luminaires increased so did the TLW (2 luminaires [n = 3 

mean = 41.71, SD = 0] 3 luminaires [n = 5 mean = 93.20, SD = 44.98] 4 luminaires [n = 2 mean 

= 279.80, SD = 18.34]) (Figure 3.6). 

0	  

10	  

20	  

30	  

40	  

50	  

60	  

70	  

80	  

University	   Par9cipant	  

M
ea
n	  
TL
W
	  

Luminaire	  Supplier	  

Figure 3.5: Mean Total Luminaire Wattage by Supplier 



64 
 

 

 

 

There was interaction between gender and green building certification, F (1, 1), p < .05.  

Male participants in the LEED building (n = 3, mean = 49.00, SD = 13.86) had the lowest TLW 

and female participants in the non-LEED building have the highest TLW (n = 2, mean = 232.50, 

SD = 84.14) (Figure 3.7) 
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There was an interaction between green building certification and number of luminaires, 

F (1, 1), p < .05.  Participants with 2 luminaires in the LEED building participants had the lowest 

TLW (n = 3, mean = 41.71, SD = 0).  Participants with 3 luminaires in the LEED building (n = 2, 

mean = 70.00, SD = 7.07) had lower TLW averages than non-LEED participants (n = 3, mean = 

124.75, SD = 55.90).  Participants with 4 luminaires in the non-LEED building (n = 1, mean = 

243.75) had lower TLWs than LEED participants (n = 1, mean = 263.85) (Figure 3.8). 
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3.2.2 Total Luminaires Usage 

The data retrieved from the HOBO indoor data loggers revealed the average daily use of 

luminaires (TLDh) during the study was 8.89 hours (n=138, SD = 5.28).  A paired two sample t-

test found theTLDh of university supplied luminaires (n = 138, mean = 7.19, SD = 4.54) was 

significantly greater than the TLDh of non-university supplied luminaires (n = 138, mean = 1.8, 

SD = 2.98), t (1, 137) = 11.12, p< .05.  (Figure 3.9) 
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A regression equation was used to look at the effects of specific variables on the TLDh 

comparing the no sign and sign conditions.  The linear model (LM), below revealed a R2
adj = 

.194 during the sign condition and R2
adj = .302 during the no sign condition: 

TLDh (sign or no sign) = y + Green Building Certification +Gender+# of Luminaires + 

(Green Building Certification x # of Luminaires) +(Gender x Green Building Certification) 

Within the equation the only main variable found to be significant was green building 

certification, F (1, 2) = 6.95, p< .05.  LEED building participants during the signage condition had 

the lowest observed TLDh (n = 41, mean = 7.12) and non-LEED participants during the no sign 

condition had the highest observed TLDh (n = 25, mean = 13.40). (Figure 3.10) The two 

interaction effects green building certification x number of luminaires, F (1, 2) = 6.33, p< .05 

(Figure 3.11) and gender x green building certification F (1, 2) = 7.82, p< .05 (Figure 3.12) were 

also found to be significant.  
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When examining at the green building certification and the number of luminaires interaction, 

trends in the TLDh were noted. 

Within the signage conditions: 

• During the no signage condition the LEED building participants with 2 luminaires had 

the lowest observed TLDh (n = 20, mean = 6.82) and non-LEED participants with 3 

luminaires had the highest observed TLDh (n = 18, mean = 14.19 ). (Figure 3.11) 

• The highest and lowest TLDh means observed within the sign condition were also the 

overall highest and lowest TLDh of both signage conditions.  LEED building participants 

with 4 luminaires had the lowest observed TLDh (n = 7, mean = 5.75) and non-LEED 

participants with 4 luminaires had the highest observed TLDh (n = 7, mean = 15.24). 

(Figure 3.11) 

Within the green building certification and luminaires conditions: 

• Among LEED building participants, those with 4 luminaires during the sign condition 

had the lowest TLDh (n = 7, mean = 3.46) while those with 3 luminaires during the no 

sign condition had the highest TLDh (n = 14, mean = 7.04). (Figure 3.11) 

• Among non-LEED building participants, those with 4 luminaires during the sign 

condition had the highest TLDh (n = 7, mean = 10.44) while those with 3 luminaires 

during the signage condition had the lowest TLDh (n = 19, mean = 4.38). (Figure 3.11) 
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Within the green building certification and gender interaction, trends were noted in the TLDh 

results.  Within the signage conditions: 

• The highest and lowest TLDh means during the no signage condition included male 

participants in the LEED with the lowest observed TLDh (n = 21, mean = 6.82) and in 

the non-LEED building they had the highest observed TLDh (n = 12, mean = 15.21 ). 

(Figure 3.12) 

• Within the sign condition, male participants in the LEED building had the lowest 

observed TLDh (n = 21, mean = 6.36) and the highest observed TLDh in the non-LEED 

building (n = 12, mean = 11.01). (Figure 3.12) 
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• Among LEED building participants, males during the sign condition had the lowest 

TLDh (n = 21, mean = 6.36) while females during the no sign condition had the highest 

TLDh (n = 20, mean = 9.49). (Figure 3.12) 

• Among non-LEED building participants, females during the signage condition had the 

lowest TLDh (n = 13, mean = 7.49) while males during the no sign condition had the 

highest TLDh (n = 12, mean = 15.21). (Figure 3.12)  

3.2.3 University supplied Luminaires Usage 

A regression equation was used to look at only the TLDh used by the university supplied 

luminaires (USTLDh), these included the ambient luminaire (dormitory dependent) and the task 

light (the same for all participants), comparing the no sign and sign conditions. The linear model 

(LM), below revealed a R2
adj = .159 during the sign condition and R2

adj = .334 during the no sign 

condition: 

USTLDh (sign or no sign) = y + Building Certification +Gender +  

(Gender x Building Certification) 

Within the equation both of the main variables were found to be significant, building 

certification, F (1, 2) = 4.37, p< .05 and gender F (1, 2) = 9.77, p< .05. (Figure 3.13)  LEED building 

participants during the signage condition had the lowest observed USTLDh (n = 41, mean = 

5.99) and non-LEED participants during the no sign condition had the highest observed USTLDh 

(n = 25, mean = 9.99). (Figure 3.13)  On average the participants in the LEED buildings had a 

lower lower USTLDh than participants in the non-LEED building during both the signage 

conditions.  Female participants during the signage condition had the lowest observed USTLDh 

(n = 33, mean = 5.13) and male participants during the no sign condition had the highest 



72 
 

observed USTLDh (n = 33, mean = 10.51) On average female participants had lower USTLDh 

than male participants for both signage conditions. (Figure 3.13)  

 

 

Within the green building certification and gender interaction, trends were noted in the 

USTLDh results.  Within the signage conditions: 

• During the no signage condition, female participants in the non-LEED had the lowest 

observed USTLDh (n = 13, mean = 5.77) and male participants in the non-LEED 

building had the highest observed USTLDh (n = 12, mean = 14.20). (Figure 3.14) 

• Within the sign condition, female participants in the non-LEED building had the lowest 

observed USTLDh (n = 13, mean = 4.65) and male participants had the highest observed 

USTLDh in the non-LEED building (n = 12, mean = 10.64). (Figure 3.14) 
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Within the green building certification and gender conditions: 

• Among LEED building participants, females during the sign condition had the lowest 

USTLDh (n = 20, mean = 5.62) while females during the no sign condition had the 

highest USTLDh (n = 20, mean = 7.35). (Figure 3.14) 

• Among non-LEED building participants, females during the signage condition had the 

lowest USTLDh (n = 13, mean = 4.65) while males during the no sign condition had the 

highest USTLDh (n = 12, mean = 14.20). (Figure 3.14) 

3.3 Self-reported luminaire Preference and Usage 

Participants were asked specific questions about their luminaire usage and preference.  

All participants responded they either always (LEED = 3, non-LEED = 6) or usually (LEED = 3, 

0	  

2	  

4	  

6	  

8	  

10	  

12	  

14	  

16	  

Female	   Male	   Female	   Male	  

LEED	   Non-‐LEED	  

M
ea
n	  
TL
Dh

	  

Gender	  and	  Green	  Building	  Cer4fica4on	  

No	  Sign	  

Sign	  

Figure 3.14: Daily Total Luminaire Usage of University Supplied Luminaires in 
Hours by Green Building Certification and Gender Interaction 



74 
 

non-LEED = 1) turned off the lights when they left the room.  Another question asked 

participants if they utilized non-university supplied luminaires. Results indicated 50% of the 

LEED building participants and 100% of the non-LEED participants utilized additional lighting 

sources.  Neither gender nor building type had a significant effect on the number of luminaires in 

the participant’s room.   

Additionally, a significant difference in EALCF (independent T-test: t (1,136) = -5.72, p < 

.05) and the TDLh (independent T-test: t (1,136) = -3.88, p<.05) was exhibited depending on the 

combination of luminaires available to the participants. (Figure 3.15 and Figure 3.16) 

Participants who only had university-supplied luminaires (n=43) (EALCF (mean = 3911.20, SD 

= 1.55); TDLh (mean = 6.42, SD = 3.23)) in their room had, on average, a significantly lower 

EALCF and TDLh than those who had had university-supplied and personal luminaires (n=95) 

(EALCF (mean = 8287.47, SD = 2.243); TDLh (mean = 10.00, SD = 5.65)).  
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Reasons listed by participants for adding personal luminaires to their room included: 

• The university lights are not bright enough; 

• The university lighting levels are not adjustable enough; 

• The university lights are harsh lighting types, eg. fluorescent lights; 

• The university did not provide a bedside light for reading and studying. 

3.4 Pro-environmental behavior 

Each participant’s personal norm towards pro-environmental behavior was determined by 

measuring his or her participation in easily accessible pro-environmental activities.  Results 

revealed no significant differences with regard to gender, green building certification and 

number of luminaires within the pro-environmental scores.  This could be the result of the highly 

skewed results within each variable of the pro-environmental behavior score. 
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3.4.1 Recycling and Composting Behaviors 

Survey results for each participant’s paper and container (plastic and glass) recycling 

habits during the entire year were analyzed.  The reported recycling habits were skewed towards 

frequent recycling for both types of recyclable material.  When the recycling frequency for paper 

and containers were calculated together, the majority of participants reported always recycling 

(60%), followed by usually recycling (37.5%), and occasionally (2.5%) (No participants reported 

seldom or never recycling.). (Figure 3.17) Independent sample t-tests revealed no significant 

differences in the mean scores for paper or container recycling based on gender or the green 

building certification in which the participant resided in while on-campus.   

 

Composting was also skewed in frequency, but unlike recycling habits, composting was 

highly skewed towards a lower frequency of composting for both participants in the LEED and 

non-LEED building.  The frequency of composting for the majority of participants was never 

(40%), followed by seldom (25%), usually (15%), always (15%), and occasionally (5%). (Figure 

Always	  
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Usually	  
37%	  

Occasionally	  
3%	  

Figure 3.17: Recycling frequency of paper and 
containers among all participants 
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3.18)  This skewed frequency resulted in independent samples t-tests showing no significant 

differences in mean scores based on the subject’s gender or dormitory green building status.  

 
When overall recycling and composting scores were compared, composting (n=10, mean 

= 2.30, SD = 1.09) was significantly less (independent t-test: T(1,18) = 6.05, p< 0.05) utilized than 

recycling of both paper and containers (n=10, mean = 4.53, SD = 0.42). [Always = {5}, Usually 

= {4}, Occasionally = {3}, Seldom = {2}, Never = {1}]  (Figure 3.19). 
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Figure 3.18: Frequency of composting among participants 
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3.4.2 Environmental Program Involvement 

Fifty-one percent of participants reported some level of environmental program 

involvement including, classroom involvement (20%), participation in an environmental 

organization (11%), attendance of a seminar (10%), and involvement in government 

environmental policy-making efforts (10%). (Figure3.20) 

0	  
0.5	  
1	  

1.5	  
2	  

2.5	  
3	  

3.5	  
4	  

4.5	  
5	  

Compos9ng	   Recycling	  

Ra
ng
e	  
of
	  B
eh

av
io
r	  

Type	  of	  Enviornmental	  Ac4on	  

Figure 3.19: Mean recycling and composting frequency 
among participants 



79 
 

 

 

3.5 Reported Driving Frequency 

 The 2007 transportation carbon footprint was not a significant contributing factor to 

EALCF, and independent T-tests showed there was no significant difference between mean 

transportation carbon footprint for green building certification or gender.  However, the reported 

vehicle-driving frequency revealed differences dependent on the time of year.  The participants 

were asked to report on their driving frequency when residing on-campus during the school year 

(on-campus) and then when residing off-campus during school breaks (off-campus).  The driving 

frequency of participants when living on-campus was reported on average as yearly (n = 10, 

mean = 4.10, SD = 1.52) and was significantly less (independent T-test: t(1,17.99) = 3.56, p< .05) 

than when participants resided off-campus driving an average of weekly (n = 10, mean = 1.70, 

SD = 1.49) [Residing on-campus driving frequency: Never {5}=7, Yearly {4}=0, Monthly 
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Figure 3.20: Percentage of environmental program involvement 
among participants 
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{3}=1, Weekly {2}=1, Daily {1}=1] [Residing off-campus driving frequency: Never {5}=1, 

Yearly {4}=1, Monthly {3}=0, Weekly {2}=0, Daily {1}=8] (Figure 3.21).   
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CHAPTER 4: DISCUSSION 
This study sought to investigate two interventions, green building certifications and 

energy conservation prompting signage on the lighting conservation habits of each participant. 

Participant demographic data indicated the age of the participants was comprised mainly of older 

students with the average age of 21 years old and an average level of education equaling a junior.  

The majority of the participants lived within the LEED certified building and all but one had 

selected the building they resided in as their first choice in the dormitory selection process.  

Because the dormitories are assigned based on a lottery process only 1 participant was placed in 

a dormitory that was not of there first choice.  None of the participants were aware of the LEED 

certification process before the start of the study, despite the large plaque that was awarded to the 

university by the U.S. Green Building Council (USGBC). This plaque is predominately 

displayed on one wall of the lobby within the LEED certified dormitory.  This is in contrast to 

the USGBC’s claim that simply investing in the strategy to pursue and be awarded any level of 

LEED certification will naturally promote pro-environmental stewardship (Kubba, 2010).  One 

would argue that for a building to be most effective in promoting energy conservation, the 

occupants should be aware of the pro-environmental design, especially considering the occupants 

can effect up to 55% of the total energy usage within a building based on their behavior 

(Schipper et al., 1989).  Others argue that information alone may influence intention and beliefs, 

but does not tend to influence behavior, and the need to know whether or not a building is 

certified has little impact on the occupant’s energy conservation behaviors (Abrahamese et al., 

2005; Costanzo, Archer, Aronson, & Pettigrew 1986; Stern & Dietz, 1994).  This research 

focused on investigating these claims. 
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4.1 Estimated Annual Lighting Carbon Footprint 

When looking further into the motivators of energy conservation behaviors, the study 

investigated the impact of an educational institution’s participation in efficiency behaviors 

through voluntary participation in an energy conservation program, LEED, on a participant’s 

estimated annual lighting carbon footprint (EALCF).  An additional method was tested for 

promotion of pro-environmental behaviors among these same participants in an effort to reduce 

their lighting energy usage by encouraging them to practice curtailment behaviors.  Both 

interventions were examples of antecedent strategies; chosen because these strategies are able to 

reach larger audiences with lower costs compared to consequence strategies.  As discussed in 

further detail below, overall one of the two interventions showed success in reducing a 

participant’s lighting carbon footprint (the green building certification variable), however the 

second intervention (the energy conservation signage variable) required the aid of additional 

external factors to reveal any significance. 

4.1.1 Green Building Certification 

The first hypothesis predicted participants in the LEED certified dormitory would utilize 

less artificial lighting than their counterparts and thus result in a smaller EALCF.  This was 

based on two main principles:  USGBC’s LEED design guidelines and energy usage research on 

LEED certified buildings. One of the design differences between the two buildings being 

researched was the lighting plan within each dormitory.  Because the university supplied lighting 

in the LEED certified building was selected by the designer to be in accordance to LEED energy 
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prerequisite guidelines9 (Kubba, 2010) the overall wattage of the luminaire supplied was more 

energy efficient than the luminaire supplied in the non-LEED certified building.  For the non-

LEED building the designers chose not to adhere to these same guidelines despite the idea that 

the building was to mimic the LEED building already built (Alice Cook House).  The reason for 

this design change was not made known to the researchers of this study.  Additionally, previous 

research studies claimed LEED certified buildings utilize 10-39% less energy than traditional 

buildings (Baylon & Storm, 2008; Fowler et al., 2010; Newsham et al., 2009). 

The findings from this study were consistent with those previous studies and USGBC 

claims that green building design can influence an occupant’s energy consumption.  There was 

evidence of a decrease in the participant’s estimated annual lighting carbon footprint depending 

on which dormitory they resided.  The results were similar to a study conducted by Kneifel 

(2010), where he was able to show that implementing low cost energy-efficient devices within a 

new construction building, lowered the energy usage by 20-30% on average and reduced the 

building’s carbon footprint by 16%.  Since the participants were unaware of the USGBC claims 

regarding LEED’s impact on energy conservation, and results were seen solely on the types of 

lighting supplied to the occupants by the university, this creates an opportunity to continue to 

improve results by promoting pro-environmental behaviors among occupants. 

4.1.2 Energy Conservation Prompting 

The second hypothesis tested the theory that occupants could be motivated to practice 

pro-environmental behaviors, further improving the energy conservation within the buildings.  

                                                

9 Energy and Atmosphere – Prerequisite 2: Minimum Energy Performance 
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Prompting was chosen as a second variable to examine since it is cost effective and has been 

shown in some cases to motivate individuals to act appropriately in certain situations (Hopper, 

1991).  The hypothesis stated the energy conservation prompting signage would cause a 

reduction of estimated EALCF by influencing the pro-environmental behaviors of the occupants.  

However, the results showed no evidence of the prompt signage acting as main significant 

variable to affect energy conservation behavior.  This result is in contrast to a number of studies 

that cite prompting as an effective means of behavior change.  However, as previously 

mentioned, a number of factors must be in place for an individual to act on a request to practice 

conservation behaviors.  For example, in the Theory of Planned Behavior (TPB) after a person 

develops an intention to be environmentally conscious they must conquer the behavioral, 

normative and control beliefs (Ajzen, 1991; Ajzen & Fishbein, 1980; Harland et al., 1999) to act 

on that intention.  Hopper (1991) reported that while the prompting was an effective way to 

encourage pro-environmental behavior, it did not appear to influence norms or attitudes.  In this 

study, the action of lighting energy usage was tested.  The intent to perform the action was not 

tested, therefore making it difficult to ascertain if there were additional factors influencing an 

individual’s choice to not reduce their energy conservation after being prompted to do so.   

Additionally, while some research states that prompting can be an effective way to 

influence pro-environmental behavior (Winett & Kagel, 1984), there is also a belief that certain 

design requirements are needed to have an effective prompt.  While an attempt was made to 

include all of the 6 elements that are rarely included in prompting studies (Abrahamese et al., 

2005), the actual prompt used for the study was not placed through rigorous testing to ensure it 

followed the recommendations set forth by Winett & Kagel (1984).  Other studies indicate 

compliance can be affected by the location of the prompt, how the prompt is displayed and the 
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demographic of the individual to whom the prompt is being displayed (Geller et al., 1985; 

Wlliams et al., 1989).  It is unclear at this time if any of these factors played a significant role in 

the lack of full compliance with the posted prompt, and is an area to be investigated in further 

research. 

4.1.3 Combined Interventions 

With regards to the third and final hypothesis, it was predicted that the LEED 

certification and the energy conservation signage together would encourage a lower EALCF than 

no signage in the non-LEED building.  Based on the data, there was little support for this specific 

hypothesis, however when considering several other variables during analysis, including number 

of luminaires and gender, there were specific scenarios where signage and efficient lighting 

design had an impact on the occupant’s lighting conservation behaviors.  Significant results were 

seen when looking at a combination of variables including green building certification, signage 

and gender.  The results included: 

• Among female participants 

o In the non-LEED building, females had a lower EALCF during the sign 

condition than females during the no sign condition.  

o During the no sign condition, females in the LEED building had a lower 

EALCF than females in the non-LEED building.  

• Among male participants 

o During the sign condition, males in the LEED building had a lower EALCF 

than males in the non-LEED building.  

• Between female and males participants  
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o In the non-LEED building, during both the sign and no sign conditions, males 

had a lower EALCF than females.  

Gender has been a debated variable when attempting to understand the reasons behind 

individual tendencies towards pro-environmental behavior.  While not included in the 

hypothesis, during data analysis a significant interaction effect was discovered with the green 

building certification, signage and gender.  Some studies have shown that women by nature are 

more altruistic than men because they have more desire to consider and act on the wishes of 

others (Gillian, 1982).  A number of studies have also shown that on average women tend to 

place more concern on the environment, or show altruistic values, than men (Dietz & Stern, 

2002; Maineri, Barnett, Valdero, Unipan, & Oskamp, 1992; Widegren, 1988;), while other 

studies do not revealed any evidence that women value the environment more than men (Arcury 

& Christianson, 1993; Widegren, 1988).  While there has been debate on the mediator that 

causes a belief or value to become an action, there is overwhelming evidence that women on 

average participant in pro-environmental behaviors more than men.  (Baldassare & Katz, 1992; 

Roberts, 1993; Schann & Holzer, 1990; Hunter & Hatch, 2004) 

Findings revealed, depending on the circumstances, men and women engage in pro-

environmental behavior differently from the research stated above.  In this present study, there 

was little evidence to support the idea that women exhibited more pro-environmental behavior 

than men.  On average the female participants in this study had higher EALCFs than males, 

suggesting they participated in pro-environmental actions less often than males.  The results also 

show only women in the non-LEED building were affected by the signage variable.  However, 

results also show that females in the LEED building had significantly lower EALCFs than those 

in the non-LEED building.  There is a possibility the signage variable was not a factor for 
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females in the LEED building, because the females in the LEED building were already using a 

relatively low amount of lighting energy.  Subsequently, this would make it more difficult to 

reduce their usage to a level that would produce a significant difference. 

The results also indicated that the male participants in the non-LEED building, once the 

signage was introduced were able to significantly reduce their EALCFs over the participants in 

the LEED building. Overall in the non-LEED building male participants were still using less 

lighting energy than female participants.  As seen with the female participants, the lack of 

significance within the LEED, building when the sign was introduced, could be a result of a low 

lighting energy usage among males in the non-LEED building during both of the signage 

conditions.   

There were also significant results that included green building certification, signage, and 

number of luminaires:  

• Participants with only 3 luminaires: 

o In the non-LEED building, participants had lower EALCF during the sign 

condition than the no sign condition. 

o During the no sign condition, participants had lower EALCF in the LEED 

building than the non-LEED building. 

• Participants with only 4 luminaires: 

o During the sign condition, participants had lower EALCF in the LEED 

building than the non-LEED building. 

• Participants with varying number of luminaires: 
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o During the sign condition, in the LEED building, participants with 2 

luminaires had lower EALCF than participants with 4 luminaires. 

o During the sign condition, in the non-LEED building, participants with 3 

luminaires had lower EALCF than participants with 4 luminaires. 

These results indicated a number of trends.  When considering participants that have an 

identical number of luminaires, the effects of both green building certification and signage 

conditions within certain luminaire conditions can be seen.  For example, results indicated 

participants with 3 luminaires, the sign condition were successful at reducing the EALCF within 

the non-LEED building.  While results were not consistent across all number of luminaires, this 

data opens the discussion regarding the impact of this research on future green building design 

guidelines. 

Results also indicated in a few instances, the number of luminaires participants had in 

their dormitory room resulted in significant difference in EALCF.  One would assume access to 

fewer luminaires would consistently result in a lower EALCF.  However, this was only the case 

in two situations and each case occurred in separate buildings under the sign condition.  Further 

research would be needed to uncover the underlying causes in the differences of the significant 

results. 

4.2 Lighting Wattage and Usage 

The study investigated the two basic elements impacting each participant’s carbon 

footprint including the total luminaire wattage available to each participant and the total 

luminaire usage per day per participant.  Similar to the EALCF results, the total wattages 

available to each participant were significantly dependent on three main variables: green building 
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certification, gender, and the number of luminaires within the dormitory room.  Overall 

participants within the green certified building, or who were male, or who had the fewest number 

of luminaires, had on average, significantly lower total luminaire wattage available for use than 

their counterparts.  Results also indicated a unique interaction between the variables and found 

that gender and green building certification had a significant impact on the total available 

wattage.  Males in the LEED building had access to significantly lower total luminaire wattage 

than their female counterparts in the non-LEED building.   

When comparing these results to the EALCF interaction results, similarities could be 

found between the two groups.  The available wattage may help to explain why there was 

evidence towards males in the LEED building participating in more pro-environmental behaviors 

than females in the non-LEED building.  If luminaire wattage leads directly to carbon footprint 

results, then behavior becomes a smaller part of the carbon footprint equation.  This data is again 

in contrast to the current research that females tend to be more participatory in pro-

environmental behaviors than men. 

A link was also found between green building certification, the number of luminaires and 

the available total wattage.  Depending on the green building certification, the number of lights 

had a different effect on the total available wattage.  In the LEED building the available wattage 

was lower than participants in the non-LEED building only if they had 3 luminaires.  However, if 

the participant had 4 luminaires in the LEED building their available wattage was higher than 

those in the non-LEED building.  Only a portion of these results align with the EALCF results 

revealing the number of luminaires had less of an impact on the EALCF results than the gender 

results. 
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In the average total luminaire daily usage in hours calculation (TLDh) used to determine 

overall luminaire usage within the EALCF equation, green building certification was found to be 

significant main variable.  The results indicated that LEED building participants on average used 

the luminaires less often than the participants in the non-LEED building during both the signage 

and no signage conditions.  The same sets of interaction sets were found in the TLDh as in the 

total wattage calculations.  For usage, the lowest luminaire usage was participants in the LEED 

building with 4 luminaires during the sign condition and the highest was participants with 4 

luminaires in the non-LEED building during the signage condition.  With regards to the number 

of luminaires and within both buildings, when signage was present the lighting usage reduced 

significantly.  Within the gender, green building certification, and signage interaction, the same 

result appears, when the signage was present for each group the lighting usage significantly 

dropped.  Within the signage condition the lowest usage was among the male participants in the 

LEED building and the highest was male participants in the non-LEED building during the no 

signage condition. 

The results also examined the influence of the university’s lighting design on the lighting 

usage of the participants.  The investigator separated the total usage of each luminaire by 

supplier and discovered the university-supplied luminaires (ambient and task lighting combined) 

were used significantly more hours during the day than participant supplied luminaires (ambient 

and task lighting combined). Further analysis found that the total university supplied luminaire 

utilization was significantly more in the non-LEED building than the LEED building and 

significantly more for males than females.  An interaction was also detected for green building 

certification and gender.  On average when the participants were divided by gender within their 

respective buildings and signage was present a decrease in luminaire usage was significant 
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compared to the absence of signage.  Among the signage conditions, the lowest luminaire usage 

was by female participants in the non-LEED building during the signage condition and the 

highest usage was by the male participants in the non-LEED building during the no sign 

condition.  Of these conditions the males in both non-LEED building under both signage 

conditions utilized the university-supplied luminaires more than any other group within either 

signage condition. 

These findings when combined with the findings from the EALCF results help to explain 

some of the key factors influencing participants lighting usage.  Participant supplied luminaires, 

on average, used more electrical power than university supplied luminaires.  When a participant 

supplied luminaire was available for use, participants continued to utilize the university supplied 

luminaires more often.  Because the university-supplied luminaires required less wattage to 

operate, participants that used these luminaires more often than their participant-supplied 

luminaire experienced a smaller lighting carbon footprint. Consequently, the building with the 

least amount of participant-supplied luminaires was in fact the LEED certified building, believed 

to result in the significant results previously reported. The same could also be reported for the 

gender variable as the overall usage of lights was low for females but the wattage available to 

them was high resulting in a high EALCF results compared to males who had a high usage but 

low available wattage. 

The results from the self-report surveys also lend insight into why individuals may have 

felt the need to supply their own luminaires in addition to the university-supplied lights.  

Participants cited problems with the university-supplied lights including: lack of brightness; 

inacceptable range of adjustability; type of lighting provided; and not enough luminaires to meet 

the needs of the participants.  Because the university did not restrict the type of lights that were 
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allowed into either the dormitory, with the exception of halogen torches (for risk of fire) the 

students were able to bring any luminaire they felt was necessary.   

Very little research exists looking into the specifics of lighting wattage and subsequent 

carbon footprints.  However, it is clear that individuals are creatures of habit and if there is 

access to additional lighting, little thought is generally given by the user as to which light would 

be more appropriate for the situation.  Instead most individuals move towards habit and turn on 

lights they are familiar with, or are just available with little regard for how well they are working 

for the user (Reinhart & Voss, 2003).  Using the data from this research study and the 

information gathered in other lighting and behavior studies, there are implications for using 

administrative and engineering controls to reduce excess lighting energy usage and subsequently 

reduce the building’s overall carbon footprint (Kneifel, 2010). 

4.3 Pro-environmental Behavior 

To further understand the personal norms toward pro-environmental behavior, 

participants reported on their recycling, composting, driving frequency and environmental 

program involvement.  In previous studies, researchers have indicated beliefs and values have 

influenced how people perceive and react to different environmental situations (Stern & Dietz, 

1994).  Contrary to studies conducted by Bamberg (2003), participants within this study showed 

no connection between current pro-environmental behaviors and their tendency to participant in 

additional pro-environmental behaviors, with or without signage prompting.  Within this study 

all individuals reported recycling more than 50% of the time, while 40% reported never 

composting.  This could be related to the mandatory recycling policies with the State of New 

York (New York State, 2012) and the limited availability of composting stations on-campus and 

in the surrounding areas.  Additionally, the driving frequency of participants did not contribute to 
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each participant’s overall EALCF.  This study did show on average participants drove less when 

living in the dormitory then when living away from the campus.  This result may be reflective of 

the elaborate public transportation system provided by the university and the relatively small 

traveling distance students are required to make on a daily basis, compared to living and working 

in a city or town away from the campus.  All participants had some level of environmental 

program involvement with the highest participation being classroom involvement and evenly 

spread among other levels of involvement.  Conclusions were drawn based on statistical analysis, 

that the lack of understanding in the LEED certification and the skewed results on recycling, 

composting, driving frequency, and organizational involvement, did not affect each participant’s 

dormitory selection preference. 

Comparison of these results to the idea that basic values help govern action was not seen 

in this study.  The participants within this study did exhibit interest or involvement in pro-

environmental behaviors outside of their lighting energy usage.  This behavior, however, was not 

a determining factor in how they utilized the luminaires in their room or how they responded to 

the posted lighting conservation signage.  Future research should be conducted to understand this 

gap in conservation behaviors and how they may relate to the Theory of Planned Behavior 

(TPB).  Because this theory claims to fully explain pro-environmental behavior, (Ajzen, 1991; 

Ajzen & Fishbein, 1980; Bamburg, 2003; Harland et al., 1999) testing a person’s decision to use 

energy efficient lighting when non-energy efficient lighting is available, and testing the 

motivating factors behind choosing to respond appropriately to prompting signage, may lend 

insight into the best way to mitigate the over usage of lighting energy.  Once motivators for this 

behavior have been determined for building occupants that are not financially motivated to save 
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energy, these results could be used to devise a specific design requirement in LEED that would 

insure an increased chance of success rate for reduced occupant energy usage. 

4.4 Limitations and Future Research 

Although significant results were concluded for portions of this study, a number of study 

limitations show room for improved research and data generalization to a larger population.  

Multiple measurement methods were utilized to ascertain lighting energy usage in an effort to 

improve reliability and validity; however these results were then transformed into large 

quantifiable measurements to determine the global impact (carbon footprinting) of the lighting 

energy usage.  It is unclear at this time if this transformation of measurements had any impact on 

the corresponding results.  While carbon footprinting was an important result for analyzing the 

overall impact on behavior and green building designs, the use of this technique produced results 

which had to be interpreted by the investigator. 

The first measurement to be interpreted was the overall data collection.  As noted 

previously, a disruption effect was detected in the data for the 1st day of the intervention during 

both weeks of data collection.  This anomaly when kept in the data results, showed inconsistent 

measurements with reference to the rest of the days.  The investigators decided to remove this 

inconstant data.  While assumed to be a result of the perceived disruption effect this leaves 

questions towards experimenter interpretation of the data.  To avoid this discrepancy in future 

studies, a period of no data collection is recommended after the initial equipment and 

interventions have been installed. 

Another area of concern is the final dependent measurement of EALCF.  This 

measurement was calculated by estimating the overall lighting carbon footprint of an individual 
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based on average lighting usage within a room during a 24-hour time frame.  Additional factors 

used in the calculations were: number of school days – which could vary depending on the 

school year; wattage of luminaire – does not infer any information regarding the participant’s 

behavior; estimation of carbon output based on kilowatt hours used – which depends on the 

source referenced to supply this data.  A better estimation of lighting usage behaviors, with 

reduced influence from external variables, would have been to use the minutes a luminaire was 

used and the subsequent kilowatt hours that resulted during a 24-hour period to determine the 

effect of the variables being tested. 

Data collection methods used for collecting the kWh measurements could also be 

improved.  Because one of the university supplied lights in each dormitory room was hard-wired 

to the building electrical supply and the measurement device used to measure the plugged in 

luminaires (kill-o-watt meter) captured only total kWh for the entire week, the HOBO loggers 

were the main source of capturing the lighting usage measurement.  A limitation to the loggers 

was the method in which the device captured the light usage.  Because the device did not capture 

the on/off status of the luminaire, but instead its light output in lumens over a length of time, 

interpretation of the results was necessary.  A lumen threshold was used to categorize the 

luminaires as either on or off, however this threshold could be open to debate by other 

researchers.  Additionally, the HOBO measured the lumen levels once every 5 minutes as 

outlined by the methods developed.  When viewing this within the 24-hour period of data 

collection there is a chance for miscalculations on the length of time a luminaire was utilized in 

this time frame.  In future research a different device or technique should be used for capturing 

the on/off status and subsequent duration of the usage of each lighting in a 24-hour period.  This 

would reduce interpretations of the lighting energy usage throughout the data collection period. 
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Another measurement utilized within the study was a method of self-report to ascertain 

the participant’s pro-environmental involvement in multiple areas of their lives throughout the 

calendar year.  A self-report measurement is less expensive and time consuming than 

measurements taken through quantitative and observation methods, it is open to subjective 

opinion on the part of the participant.  Because a part of the survey asked questions regarded past 

behavior, this relies on the participant to correctly remember and answer these questions.  

Depending on the mood, memory, or participant’s influence of perceived experimenter 

expectation, the results could become skewed and affect the outcome of the pro-environmental 

behavior tendency measurement. Subsequent studies should consider observation and self-report 

questionnaires that focus more on events of the immediate past.  Additionally this research, while 

interested in the motivators behind pro-environmental behavior, had no provisions to test for the 

motivators.  A post-intervention questionnaire surrounding the participants’ behavioral response 

to the signage factor would help to understand the motivations to the switching behavior 

recorded. 

The number of participants, the overall number of days measured, and the number of 

buildings tested, based on the construct being tested was a possible limiting factor in the 

generalization of the results to a larger population.  To compensate for this issue the repeated 

measures were treated as multiple observation points within each participant’s observation 

period, and consequently helped to improve statistical power of the results.  However there is a 

probability this method raised the chance for a type II error.  It is suggest in future research, the 

overall sample size of the buildings, participants and observation period be increased to decrease 

the argument for a type II error. 
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Lastly, this study aimed to measure the luminaire usage within each dormitory room 

based on the individual’s prior environmental tendencies and the design of the building.  

Significant results indicated the lighting design of the building influenced the EALCF.  However 

the investigators were unable to ascertain if the lighting provided by the university or the 

participant fell within the Illumination Engineering Society’s (IES) recommended lumens for the 

tasks being performed throughout the 24-hour period.  According to the IES, a particular light 

level is recommended in a space when a person is attempting to perform a task.  For example, 

when reading a book it is recommended the light level of the environment be between 200-500 

lumens to ensure minimal eye discomfort and musculoskeletal strain (DiLaura, Houser, Mistrick, 

& Steffy, 2011).  If individuals are performing this task in lower than recommended light levels 

for prolonged periods of time this would result in a loss of productivity (Juslen, Wouters, & 

Tenner, 2007) and health (Van Bommel, 2006).  As mentioned in previous dormitory challenges, 

it was uncertain if students had changed their behavior and reduced energy usage to a point that 

was unsustainable (for example: using flashlights to study, bathing at a gym instead of in the 

dormitory, etc.) (Petersen, Shunturov, Janda, Platt, & Weinberger, 2007).  In this study it is 

unclear if the reduced lighting energy used was driven by the participant’s physical need or by 

their response to the intervention.  As seen in the LEED building, individuals who had two 

luminaires saw no reduction in lighting usage during the signage condition.  It is unclear at this 

time if participants in this condition chose not to reduce the light usage or if they were unable to 

as a function of physical need.  While the basis of the study is sound and the results lend insight 

into the effect of building design and the energy conservation signage, a number of these 

limitations make the argument that further research is needed to understand the construct being 

measured. 
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4.5 Conclusion 

While the main purpose of this study was to research pro-environmental behavioral 

responses to green building certification and conservation signage, the data is relevant to the 

broader issue of the role of governmental and private agencies in reducing the environmental 

impact of energy usage.  As previously stated, climate change has become and continues to 

evoke global concern.  While scientists may be unable to agree on the magnitude of the current 

ecological crisis, many believe considering mitigation techniques at the present time are globally 

favorable.  As seen, in the literature, many believe the solution to climate change issues are 

routed in many areas of the global economy and governmental structures, and when looking at 

the basis for structures it is evident that consumer choices and behavior play an influencing role 

in the future path of these organizations (Bin & Dowlatabadi, 2005).  Based on this information, 

it would stand to reason a basic understanding of the motivation behind a person’s decision to act 

in a pro-environmental manner would have a substantial impact on the future of climate change 

mitigation. 

The most recognized global organization for climate change mitigation, the UNFCCC, 

utilizes the Kyoto Protocol to reduce our global dependence on fossil fuels.  The UNFCCC 

attempts to encourage countries to reduce the amount of GHG emissions released into the 

atmosphere by structuring the Kyoto Protocol as a cape and trade program. (UNFCCC, 2011).  

Because some individuals feel so strongly about cape and trade, it has continued to be the basis 

for many national governmental and private agencies’ mitigation programs (Brooks, 2010; 

Waxman, 2009) thus influencing local organizations, public and private, efforts to address 

climate change in this manner (CORE, 2012).  However, in the past few years there has been a 

recent disassociation with the cap and trade system for fear there are too many variables that 
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must be considered, politically and financially for the program to work as intended (Broder, 

2010).  One of those variables is compliance to the cap and trade regulations and how to insure 

organizational and consumer compliance, even in the event an individual is not confident the 

program is making a difference in the global climate change (Barnes, 2010).   

As previously mentioned, one of the largest markets in which a cap and trade system 

could have a positive impact on is the building industry, especially within the United States.  

However, insuring that building standards created to help with this mitigation of GHG emissions 

are productive and do not create a false hope of reductions, is the first step towards cap and trade 

effectiveness and compliance.  Because the many governmental cap and trade programs offered 

in the United States are currently up for a legislative vote and Voluntary Emission Reductions 

(VERs) programs are still in the beginning stages of attracting consumers, it is important to 

ensure consumers understand how they can have significant impact on the outcome of future 

regulations and programs (Broder, 2010; TFS Green, 2012).  Some individuals look at the 

USGBC’s LEED program as an opportunity to be a positive part of the cap and trade system as a 

pre-approved GHG offset project, and help organizations meet their regional and VERs 

stewardship initiatives.  The issue then becomes proving the LEED program is effective at 

reducing carbon emissions to a point in which an organization can quantifiably measure the 

efficiency of their buildings compared to building non-LEED certified buildings.  A number of 

studies exist showing evidence that LEED buildings reduce dependence on fossil fuels and can 

reduce the overall carbon footprint of a building (Baylon & Storm, 2008; Fowler & Rauch, 2008; 

Fowler et al., 2010; Newsham et al., 2009).  However, others debate the validity of these studies 

and whether or not they can be generalized to a larger population of buildings independent of the 

certification level of the new or renovated building (Diamond et al., 2006; Newsham et al., 
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2009).  Renewable or Green Energy planning companies often advertise the ability to offset a 

LEED building’s future energy usage through other VERs programs (Renewable Choice Energy, 

2012).  Which leads to the main focus of this research, how effective are the LEED certification 

standards at increasing lighting energy conservation when considering the design of the building 

and then when considering the impact occupants can have on the lighting energy usage outcome?   

To investigate the effectiveness of LEED guidelines on an occupied building, the study 

focused on an aspect of a building’s design that could easily be measured (lighting design) and 

analyzed the data to look for environmental and behavioral influences on energy usage in the 

building.  As proven in this study, there was evidence that the design of a building can have an 

effect on a building’s overall energy consumption, especially when considering the impact of 

lighting design and its usage on a building.  However, there was evidence that by not applying 

administrative controls to building occupants to control lighting energy usage, this effect can be 

diminished or even reversed.  In situations where an individual was allowed to bring in 

luminaires to their room, with no regard to the luminaire’s energy consumption, energy usage 

was higher than those who primarily used luminaires supplied by the university.  However, one 

area of optimism was evidence that occupants, on average, preferred to use the university-

supplied lights to their own personal lights.  Although, from this result, it can be seen that even 

the slightest use of a personally installed luminaire had a negative impact on the building’s 

overall energy usage.  Not controlling luminaire selection in a LEED building could prove to be 

a setback in trying to place LEED certification projects as pre-approved GHGs offset programs.  

As green certification programs continue to evolve considerations need to be given to how 

buildings will be used by the occupants and ways to reduce excess energy usage caused by 

devices or equipment not accounted for in the original design plan.  The main reason for these 
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considerations, as we were able to see in this study, is consumer or occupant behavior has an 

impact on the overall energy usage of a building (Bin & Dowlatabadi, 2005). 

To consider the effects of consumer or occupant behavior numerous studies have been 

conducted to understand pro-environmental behavior and its motivators.  As previously 

mentioned, one of the methods for predicting consumer pro-environmental behavior is the 

Consumer Lifestyle Approach (CLA) which states an individual has a direct and indirect impact 

on the success of an organization’s ability to meet environmental goals through their product 

purchasing and usage habits (Bin & Dowlatabadi, 2005).  The TPB to helps to explain the 

motivators behind an individual’s initial decision to act in a pro-environmental manner (Ajzen & 

Fishbein, 1980).  For example, what motivators cause occupants to first bring in personal 

luminaires, and secondly decide to utilize them with little regard for energy efficiency?  While 

this topic was not the focus of this research, based on the results seen, it is recommended this 

issue should be considered in future research.  

This study was more focused on the effect after the person had already chosen to bring in 

and use a personal light for any reason they deemed necessary.  It also looked at whether or not 

the usage could be reduced by trying to convince the occupant to change their behavior based on 

new information provided to them about the dormitory.  According to TPB, the intervention 

placed into effect must coincide with a person’s beliefs in order for them to want to respond to 

the request for action including: the behavioral belief; the normative belief; and the control 

belief.  The investigator of this study predicted each belief was capable of being acted upon with 

little effort from the participant and consequently the requested action, turning off the lights, 

would be adhered to on a daily basis.     
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The results of the introduction of a prompting signage to conserve energy, proved to be 

ineffective at significantly reducing the occupants’ energy usage throughout each dormitory.  

Nor did the presence of the signage within the LEED certified dormitory have a greater effect 

than having no sign within the non-LEED building.  It is unclear why this signage alone had no 

significant effect on the occupants.  Significant results were seen when considering other 

variables into the equation, including the number of luminaires in the room and gender.  Both of 

these results were unexpected, but may help lend insight into which variables should be 

considered in future research when investigating prompting interventions.  Testing the 

effectiveness of signage design and its validity should be considered in future studies.  Within a 

number of the pro-environmental behavioral studies, researchers found that a person’s tendency 

towards energy conservation is generally guided by previous participation in pro-environmental 

activities or behaviors (McCalley & Midden, 2002; Thogersen, 2003).  Within the parameters of 

this study previous activities or behaviors did not appear to have an influencing factor towards an 

occupant’s tendency to participate in lighting energy conservation.  With the multiple elements 

that were expected to been seen in this study, and based on previous research on pro-

environmental behaviors, assumptions could be made that there was either a flaw in this 

experimental design or the ability to predict pro-environmental behaviors are still unreliable in 

most situations.   

Despite the inconsistent results seen within this study, this research has implications for 

future research within the LEED building designs and ways to apply engineering and 

administrative controls within buildings that contain a large number of occupants.  Through this 

research results revealed that with effective planning, pre-approved GHG offset projects are a 

viable option within the cap and trade system.  Additionally, occupants of a building including 
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their CLA behaviors should be considered within the planning stages of a green certified 

building.  While there were multiple limitations within this study, it lends insight into the 

creation of more robust and tested interventions to be placed in research regarding building 

design and pro-environmental behavior.  The intention behind this research was to broaden the 

idea of what constitutes green building design and to investigate how to ensure that the intended 

outcomes are achieved following the completion of the building construction. The investigators 

feel this study; while not exhaustive nor predictive, helped build those ideas and future building 

requirements. More specifically, and perhaps more significantly, this study shows the importance 

of the human factor in green building design, a factor that can totally reverse green design 

intentions. It also highlights the limitations of LEED certification as a guarantor of high building 

performance.  
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APPENDICES 

APPENDIX A 
Alice H. Cook House LEED Certification 
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APPENDIX B 
LEED Building (Alice H. Cook House) Floor Plans 
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APPENDIX C 
Non-LEED Building (Hans Bethe House) Floor Plans 
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APPENDIX D 

TYPICAL PARTICIPANT ROOM AND LUMINAIRES 

Typical Room in Both Buildings 

LEED Ambient Luminaire Non-LEED Ambient Luminaire 

Task Light for Both Buildings LEED Fan without Lamp 

Windows in Both Buildings 
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APPENDIX E 
Letter to Recruit Participants 
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APPENDIX F 
Copy of IRB Exemption Letter 
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Exemption Letter Continued 
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APPENDIX G 
Signs using in buildings 

 

Sign used and placement in LEED building 

Sign used and placement in non-LEED building 
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APPENDIX H 

Example of HOBO  

 

Example of HOBO Placement 

 

Light Sensor 
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APPENDIX I 
kWh meter used10 

                                                

10 Images from http://www.p3international.com/products/special/P4400/P4400-CE.html 

Packaging 

In use 

Kill a Watt Meter 
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APPENDIX J 

Consent Form: Lighting Usage in Resident Halls 

You are invited to take part in a study that researches lighting usage in college dormitory 
rooms. All individuals participating in this study have been personally invited to participate by 
the investigator. Please read this form carefully and ask any questions you may have before 
agreeing to take part in the study. 

What the study is about: The purpose of this study is to research the lighting usage habits of 
college students in different types of resident halls. The participant must be living in a single 
room with a north- or south- facing window for the spring semester of 2008.  The room must be 
located on the 2nd, 3rd or 4th floor in either the Alice H. Cook House or the Hans Bethe House. 

What we will ask you to do: If you agree to be in this study, the researchers will measure your 
lighting usage for a total of 2 weeks.  You have previously agreed to one of the following data 
collection periods: 

January 26-February 10 or 
February 16-March 2 

On the 1st day of data collection, a researcher will unplug all your lighting fixtures currently 
plugged into your electrical wall sockets in your bedroom only.  A researcher will attach a 
lighting usage meter to a wall socket, and will then plug all your lighting fixtures, previously 
plugged into the wall sockets, into the meter.  This meter will not affect your lighting fixtures, 
and you are encouraged to use them in the same manner as before.  You will be asked to leave 
the meter in place during the entire data collection period because data will be lost if the meters 
are removed from the socket.  (If this happens you will need to inform the researcher of the 
details surrounding its removal.) Please do not plug or unplug items into the meter during the 
testing weeks.  A smaller device will be hung next to or on your overhead or wall lighting 
fixture, there is no need to do anything with this small unit.  It is only measuring lighting levels 
within the room. This procedure should not exceed 15 minutes. 

On the 8th day, the same researcher will return to record data held on the devices and you may 
get a small sign to post in your room for the remaining days of data collection.  This procedure 
is should not exceed 15 minutes. 

On the 15th day, the same researcher will return to remove the meters and will plug your 
lighting fixtures back into the wall sockets.  During this time you will be asked to complete an 
online survey regarding your lighting usage behaviors for the 2 weeks including some personal 
background. The survey should not take longer than 20 minutes to complete and the entire 
procedure should not exceed 30 minutes. 

Risks and benefits: The researchers do not anticipate any risks to you participating in this 
study other than those encountered in day-to-day life.  

There are no benefits to you. Cornell is a dedicated to learn more about how students use their 
resident halls. 
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Compensation: You will earn $10 at the completion of the 2 weeks. Additionally, if you 
attracted other students to the study you will earn $3 for every student that mentions or 
mentioned your name when first contacting the researcher about the study and fully completes 
the study. The $10 dollars will be paid at completion of the study and the referral money will be 
paid when the referred participant completes the study. 

Taking part is voluntary: Taking part in this study is completely voluntary. If you agree to have 
your lighting usage measured, you may request certain fixtures not be measured and on the 
survey you may skip any personal questions that you do not want to answer. If you decide not 
to take part or to skip some of the questions, it will not affect your current or future relationship 
with Cornell University. If you decide to take part, you are free to withdraw at any time. 

Your answers will be confidential. The records of this study will be kept private. In any sort of 
report we make public we will not include any information that will make it possible to identify 
you. Research records will be kept in a secure computer file; only the researchers will have 
access to the records.  

If you have questions: The researchers conducting this study are Kelly C. Wilson and Prof. Alan Hedge. 
Please ask any questions you have now. If you have questions later, you may contact Kelly Wilson at 
kc292@cornell.edu or at 1-607-345-2957. You can reach Prof. Hedge at ah29@cornell.edu or 1-607-255-
1957. If you have any questions or concerns regarding your rights as a subject in this study, you may 
contact the University Committee on Human Subjects (UCHS) at 607-255-5138 or access their website at 
http://www.osp.cornell.edu/Compliance/UCHS/homepageUCHS.htm.  

You will be given a copy of this form to keep for your records. 

Statement of Consent: I have read the above information, and have received answers to any 
questions I asked. I consent to take part in the study. 

Print Your Name: ___________________________________________________ 

Your Signature:_____________________________________________________ 

Date:________________________Net Id:_______________________ 

This consent form will be kept by the researcher for at least three years beyond the 
end of the study and was approved by the UCHS on March 5, 2007. 
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APPENDIX K 
Survey Given to Participants 

 

Lighting Survey Part A – General Information 

 

Thank you for participating in this research, you are almost done. 

 

Not only does this research look at lighting in dorms, but it also looks at the environmental 
sustainability of the dorms and [their] residents.  I could not fully divulge this information in 
advance, for fear it would change your behavior during the testing period.  If you know someone 
who is participating in the study right now, please do not release this information as it may skew 
the results of the experiment. 

 

So in this survey you will be asked a variety of questions about your living habits in the past 2 
weeks and your environmental habits in the past year.  Please answer all questions honestly, I 
will be the only person to see your answers and nowhere in the report will your name be shown 
or released. 

 

The survey is divided into the 2 parts below: 

Part A: General Information 

Part B: Carbon Footprint Information 

 

Thank you for participating. 

 

1) Your net id: ___________________________ 

 

2a) Were you absent from your room for more than 24 hours during the testing period? 

o Yes (move to question 2b) 
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o No (skip to question 3) 
 

2b) Time you were absent more than 24 hours from your room. (Enter each day separately)  

  

  Day Absent  Amount of hours absent from room 

  

  

  

  

 

3) Amount of time spent in your room during the two testing weeks 

o I spent more time in my room during week 2 than week 1 
o I spent less time in my room during week 2 than week 1 
o I spent the same amount of time in my room during week 2 and 1 

 

4) How many credits were you taking during week 1 of testing? ___________________ 

 

5) How many credits were you taking during week 2 of testing? ___________________ 

 

6a) Did you have to report to a job on or off campus during week 1 and/or week 2 of testing? 

o Yes (move to question 6b) 
o No (skip to question 7) 

 

6b) How many hours did you work during each week of testing? (Use the date and time the sign 
was posted in your room as the split between week 1 and week 2) 

During Week 1 _______________ 

During Week 2 _______________ 

 

7) When you leave the room do you turn the lights off? 

o Always 
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o Usually 
o Occasionally 
o Seldom 
o Never 

 

8a) Do you use additional lights, not supplied by Cornell, in your room? 

o Yes (move to question 8b) 
o No (skip to question 9) 

 

8b) Why do you have additional lights? (select all that apply) 

o Cornell lights are too bright 
o Cornell lights are not bright enough 
o Cornell light levels are not adjustable enough 
o Reason not listed above. Explain _________________________________ 
 

9a) What building did you indicate as your first choice? (specify which building you picked on 
your application to Campus Life for your residence during the year 2007-2008 school year) 

o Alice Cook House (answer questions 9b and 9c) 
o Hans Beth House (skip to part B) 
o Other (skip to part B) 

 

9b) Did you chose Alice Cook because it is a LEED building?  

o Yes 
o No 
o I don’t know about LEED 
 

9c) Did you chose this dormitory because it is a “green” building? 

o Yes 
o No 
o I don’t know about “green” buildings 

 

Lighting Study Survey Part B – Carbon Footprint 

 

10) Where do you call “home” when NOT living at Cornell? 

Primary Residence 
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City _________________State________________Country______________ 

Secondary Residence (if applicable) 

City _________________State________________Country______________ 

 

11) Do you ever separate your garbage? (ex. Recyclable vs. non-recyclable) 

o Yes 
o No 

 

12) Recycling Frequency when living at Cornell University? (Check the best answer for each 
category (examples of paper include cardboard; pizza boxes; drink containers; etc.) (examples of 
containers include plastic, glass, and metal containers)) 

 

 Daily Recycling Habits 

 Always Usually Occasionally Seldom Never 

Paper? o  o  o  o  o  

Containers? o  o  o  o  o  

Compost? o  o  o  o  o  

 

13a) Do your recycling habits differ when you are away from Cornell? 

o Yes (move to question 13b) 
o No (skip to question 14) 

 

13b) Recycling Frequency when NOT living at Cornell University? (Check the best answer for 
each category (examples of paper include cardboard; pizza boxes; drink containers; etc.) 
(examples of containers include plastic, glass, and metal containers)) 

 

 Daily Recycling Habits 

 Always Usually Occasionally Seldom Never 

Paper? o  o  o  o  o  

Containers? o  o  o  o  o  
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Compost? o  o  o  o  o  

 

 

14a) Did you drive any vehicles on a regular basis during in 2007? 

o Yes (move to question 14a) 
o No (skip to question 15) 

 

14b) Driving frequency when at Cornell in 2007? (on average) 

o At least once a day 
o At least once a week, but not daily 
o At least once a month, but not weekly 
o At least once a year, but not monthly 
o Never 
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14c) Driving frequency when NOT at Cornell in 2007. (on average) 

o At least once a day 
o At least once a week, but not daily 
o At least once a month, but not weekly 
o At least once a year, but not monthly 
o Never 

 

14d) Describe all the vehicles you repeatedly used in 2007.* ( This includes your car, a family 
member’s car, a friend’s car, and motorcycles.  If you are unsure of all the details surrounding 
the vehicle, please fill in as much data as you can) 

 

 
Model 
Year Make Model Cylinders 

Drive 
train 

Transmiss
ion 

Total mileage 
contributed by 

you in 2007 

Vehicle 1        

 

*Important note about question 14d: Participants were given enough space to record 5 vehicles.  
Additionally, in the electronic survey the participants were forced to select certain options under 
the headings: cylinders, drive train, transmission, and mileage.  Below are the following 
categories: 

Cylinders: 4, 6, 8, or unknown 

Drive train: 2-wheel drive, 4-wheel drive, all-wheel drive, and unknown 

Transmission: standard/stick, automatic, combination of both 

Mileage: < 1,000 miles, 1,001-5,000 miles, 5,001-10,000 miles, 10,001-15,000 miles, 
15,001-20,000 miles, > 20,001 miles 

 

15a) Did you take any airplane trips in 2007? 

o Yes (move to question 15b) 
o No (skip to question 16) 
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15b) Describe the airplane trips you took in 2007.* 

 

 
Departure 

City 

Departure 
State or 
Country 

Arrival 
City 

Arrival 
State or 
Country 

Type of 
Trip 

Frequency 
of Trip 

Type of 
plane(s) 

Trip 1        

 

*Important note about question 15b: Participants were given enough space to record 10 trips. 
Additionally, in the electronic survey the participants were forced to select certain options under 
the headings: type of trip, frequency of trip and type of plane.  Below are the following 
categories: 

Type of Trip: Round-trip and One-way 

Frequency of Trip: 1 to 10 

Types of Plane(s):  (check all that apply) Prop/Regional Jet, and Large/Jumbo Jet 

 

16a) Did you take any train trips in 2007? 

o Yes (move to question 16b) 
o No ( skip to question 17) 

 

16b) Describe the train trips you took in 2007.* 

 

 
Departure 
City 

Departure 
State or 
Country 

Arrival 
City 

Arrival State 
or Country 

Type of 
Trip 

Frequency 
of Trip 

Trip 1       

 

*Important note about question 16a: Participants were given enough space to record 10 trips. 
Additionally, in the electronic survey the participants were forced to select certain options under 
the headings: type of trip and frequency of trip.  Below are the following categories: 

Type of Trip: Round-trip and One-way 

Frequency of Trip: 1 to 10 
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17a) Did you take any long-distance bus trips in 2007? 

o Yes (move to question 17b) 
o No ( skip to question 18) 

 

17b) Describe the long distance bus trips you took in 2007.* 

 

 
Departure 
City 

Departure 
State or 
Country Arrival City 

Arrival State 
or Country 

Type of 
Trip 

Frequency of 
Trip 

Trip 1       

 

*Important note about question 17b: Participants were given enough space to record 10 trips.  
Additionally, in the electronic survey the participants were forced to select certain options under 
the headings: type of trip and frequency of trip.  Below are the following categories: 

Type of Trip: Round-trip and One-way 

Frequency of Trip: 1 to 10 

 

 

18a) Did you use TCAT buses during the fall semester of 2007? 

o Yes (move to question 18b) 
o No (skip to question 19) 

 

18b) Describe your typical weekly TCAT usage for the fall semester.* 

 

 Bus Line # Pick-up at… Drop-off at… Weekly Frequency 

Trip 1     

 

*Important note about question 18b: Participants were given enough space to record 20 trips.  
Additionally, in the electronic survey the participants were forced to select certain options under 
the heading: weekly frequency.  Below are the following categories: 

Weekly Frequency: 1 to 30 
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19) Environmental Involvement (Please indicate if you were/are involved in or attended any of 
the following events addressing Environmental Sustainability, Energy Conservation, Global 
Warming, or Climate Change) 

o One or more environmental lectures or seminars 
o One or more environmental courses 
o One or more environmental conferences or symposiums 
o One or more non-profit environmental organization 
o Environmental efforts with the Local, State, or National Government 
o Not involved in any environmental activities 
o Other type of environmental event _______________________ 

 

20) Would you like to receive a copy of your carbon footprint results?  

o Yes 
o No 

 




