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Abstract
This paper examines views and approaches of hoildebsiacross the U.S. to determine whether thereliffierences in
their use and perception of materials, technologesified wood, and green-building programs. @rbeilding certification
programs assign points to projects according tmuarcategories associated with building a homés $tudy divides these
categories into six sections, which serve as tisestfar 1) the layout of this paper and 2) the gamed to compare homebuild-
ers. A web-based survey instrument was used teatallata for developing profiles for two categoi&étomebuilder — Green
and Traditional — according to the six green-buidcategories. Regarding general material seledBoeen builders empha-

size 1) choosing building materials made from réayenaterials and derived from renewable raw malte2) energy efficien-
cy, and 3) whether materials are produced locaiyyell as their recyclability and service life.gaeding specific material se-
lection, Green builders believe 1) wood is a higlelgewable material and 2) steel and concreteeaselable and have a long
service life. Traditional builders believe 1) woand steel contribute to a high level of energycédficy in the completed house
and 2) the manufacturing of steel and concretdda£O2 emissions and uses a low level of energgarding familiarity

with newer building-product technologies, homebeiikido not seem to be well informed about solargueyeneration, solar
water-heating, structural insulated panels, heatwery ventilators, cement’s impacts on the envirent, or tankless water
heaters. Regarding the environmental perceptiobsiitding materials, homebuilders appear to be kadgeable about volatile
organic compounds, water-conserving fixtures, aret@y-efficient appliances and windows. Howevemkbuilders do not
seem to believe that environmentally certified wpodgrams are very effective, nor do they seenetwéll informed about

green-building programs.
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Introduction

The comparative nature of how homebuilders use anénvironmental, supply, cost) has prompted a tremdatd

view green-building products and practices in th&.lhas
potentially impacting implications for homebuyensnufac-
turers, and distributors because the homebuildidgstry is
one of the major industries in the U.S. (WWPA 200%)us,
this study is timely and relevant not only to thpseties but
also to researchers interested in understandingalterns
associated with green-building adoption and ditfasi

increased energy standards that is expected tort@ecoore
stringent over time (Moresco 2009). Homebuyersroftely
on homebuilders to help them understand what ratefac-
tors need to be considered when building and/oringuya
home. Although homebuilders are not mandated tcease
their knowledge or training in using green techgas
(except that the homes they build must comply i cur-

Handerhan (2012) evaluated the economics of greernent building codes), Retzlaff (2008) found thatngocommu-

building technologies and found that many homeleugdare
hesitant to build green homes because they cose rwor
build, even though the homebuyer will likely savermay in
the long run. However, the report concedes it ficdit to
determine how much the savings might be. It furtbeg-
gests that by considering 1) factors related to kthiding
envelope (i.e., material used to construct theraateshell of

the structure), 2) management and use of the HVA

(heating, ventilation, and air conditioning) systeamd 3)
water consumption, homebuilders can become moreeagia
cost-saving green-building strategies.

Increased awareness of the impacts associatedugith
ing non-renewable energy sources to power homes, (e.
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nities actually have ordinances governing the imgetation
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of green construction. These ordinances relatesiges such
as water conservation, building materials, wastenage-
ment, construction cost, environmental impacts, sewh-
nical solutions.

The “incremental” improvements in green homebuidin
technology pose the potential for a knowledge gapdcur
because building codes governing these types dintdo-
gies often are not well understood by homebuildarg in-
spectors who are expected to use them (Eisenbertgg,2nd
Ishida 2002). Further barriers exist to the adaptidé green
technologies because although there is a trendrtbh@me-
owners desiring energy-efficient upgrades (CEA 201ty
often are not knowledgeable about home energy
performance issues or how to gain access to fingnttie
cost of incorporating green technologies into thieime
(Moresco 2009).

Osmani and O’Reilly (2009) point out that it is rob¢ar
at this time exactly how existing barriers suchcast and
lack of familiarity with technology will affect agion pat-
terns between homebuilder segments (e.g., custoodup-
tion, small, large). Some of the newly built honaes antici-
pated to incorporate as many as five green-builtkagnolo-
gies into their design and construction (Nation'sil@ing
News 2007a). These technologies include but ardimaed
to products such as energy-efficient appliances;haueical
equipment, water- or energy-conserving devices,eaaigy-
efficient windows (Nation’s Building News 2007b)hs, it
appears that the future of green homebuilding is on the rise;
green-homebuilding certifications are anticipateddbuble
during the next five years from 17% of new homeit o
34% (McGraw-Hill Construction 2011).

Background and Approach
This study’s reference to Green homebuilders imsplie
those who use residential green-building certiftratpro-
grams (GBPs), which are transparent, third-partyntaaed
mechanisms whereby homebuilders receive pointinfmr-
porating specific conservation measures into tlexgss of

vironmental Design for Homes (LEED for Homes) — was
developed by the U.S. Green Building Council (USGB@
2011, more than 12,000 housing units were certifigdthe
LEED for Homes program and approximately 6,000 lby t
ICC-700 standard (LEED 2011, NAHB Research Center
2011a). ICC-700 emphasizes sustainable constru¢éoh-
nigues and awards certification points in constouctatego-
ries such as project site work, water use, enesgy and in-
door environmental quality. Similarly, LEED for Hew®
awards points for categories such as whole-houseygmper-
formance (i.e., viewing the home as a system dgirgted
subsystems), water conservation, indoor environahentali-

ty, and materials selection (Ganguly et al. 2012).

One reason homebuilders certify their homebuildingr
jects through GBPs is so they can market themselsdxeing
proactive and progressive in their thinking as gub to
strictly using products and practices they knowlweshd on
which they have come to rely. Being viewed as a@mssive-
thinking homebuilder may cause homebuyers to beliav
homebuilder is well informed and innovative. As fack as
1971, Rogers and Shoemaker showed there were ispaeif
tributes and benefits associated with being vieagihnova-
tive. This bears out within the homebuilding indysts Green
homebuilders attempt to increase prospective hoyerbu
awareness of, and desire for, using new buildirglpets and
materials (Koebel et al. 2003).

A Green homebuilder in this study is one who hati-ce
fied a project with a GBP. This categorization afofor spe-
cific comparisons between attributes that are éelrilsy ex-
amining how points are assigned to projects cedifiising
GBPs (NAHB Research Center 2012a). This approafgrsof
glimpses into differences between homebuildersciviwere
not reported by previous studies. The project-scpattrib-
utes are used to develop successive subsectighssqiaper,
which also correspond to the survey instrument useithis
study. The attributes also comprise the foundagind moti-
vation for this study’s research questions. Thesiuice the
following six questions about homebuilders.

erecting a home (Allen and Lano 2008). Some GBRs ar

nationally recognized; however, according to the Internation-

al Code Council (ICC), none are mandated (ICC 2011)
Mandated interventions in homebuilding are unpopula
among homebuilders because they have long beeoiatezb
with resultant increases in overall constructiostsqOster
and Quigley 1977). Thus, proactively finding resmiul
ways to build by incorporating new technologieshtaques,
and materials into homebuilding projects could be way
for homebuilders to differentiate themselves froompeti-
tors (Koebel et al. 2003). Further, some homebtsldeay
decide to certify their distinctions through anicifl certify-

ing body.

One of the two more prominent GBPs in the U.S. e th
ICC-700 — was developed by the National Associatidn
Homebuilders (NAHB) and introduced in the spring607.

It received the American National Standards Ini{@NSI)
accreditation for all residential construction undee ICC.
The other prominent GBP — Leadership in Energy Bnd
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1. Do they differ when selecting materials (i.ehatvmatters
most about the materials used to manufacture dihgil
product that potentially will be used to constract
home)?

2. What are their perceptions regarding wood, steel
concrete as building materials (i.e., because tasse

most commonly used to manufacture homebuilding prod
ucts, do their constituent materials affect homieleus’
material-selection process)?

3.  How familiar are they with building-product texhogies
(i.e., do some of the newer technologies affectitag
homes are built)?

4. Do they differ regarding their environmental qegtions
of building materials (i.e., do building-productheaolo-
gies affect the carbon footprint of a honte)?
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5. Are there differences in their perceptions rdeay envi-
ronmentally certified wood programs (i.e., do theekt-
ry practices used to harvest wood products affetemn
al selection)?

6. Are there differences in their perceptions rdey
green-building programs (i.e., do GBPs impact thg w
a home is built and marketed)?

There are undoubtedly other attributes that wotfdro
insights and perspectives about how homebuildenstoact
homes (e.g., quality, ethics, safety), but thiglgtiocuses on
those attributes whereby homebuilders can requius for
certifying their projects through a GBP.

inary understanding of the potential buyer's exatchs
(Cooper 1999, Brunner 2001, and Markham 2002). ®\aeg
Hubbard et al. (2003) suggest that buyers are @aetivto try
new products when there is a clearly demonstratedrdage
over using existing products.

Natural resource limitations are one reason fonggted
demand of green-building products used in homelngld
High-quality lumber — critical for building a home- is often
difficult to acquire at a competitive price, so hetmilders are
forced to consider product substitutions (Easti@3)0 Cur-
rently, engineered wood products manufactured \sibiit-
wood lumber are consumed more by the U.S. homahgild
industry than by any other industry (WWPA 2009)viEon-
mentally certified wood products (ECWPs) offer gtion for

For homebuilders to market themselves effectivedy a homebuilders to buy from environmental programg #a

being different from their competitors with respéot the
aforementioned project-scoring attributes, they tmidely
will need to carefully consider what motivates pestive
homeowners to try new homebuilding products andtpra
es. However, the homebuilding industry traditiopddhs not
experienced rapid adoption of many promising tetigies

courage sustainable management of forests throumtketa
based incentives (Vidal et al. 2003). These tydemarket-
oriented programs allow consumers to stimulate deirfar
ECWPs based on the belief that it will assist iatgcting the
natural environment (Upton and Bass 1996). Howetles,
low level of awareness regarding ECWPs has posejar

(NAHB Research Center 2010 and 2011b, Verify Maket hurdle for their adoption (Bowe and Hubbard 20@3) previ-

2011). Thus, return-on-investment data will haveeaevel-

ously mentioned, although not mandated, GBPs qftents

oped by using inputs such as homeowner utility shill for using ECWPs in residential construction pragect

(Jacobsen and Kotchen 2011), rather than estimatesger
for borderline (i.e., price-motivated) homebuyeosaccept
the notion of paying a premium associated with pasing a
green-certified home.

Two of the more prominent certifying bodies in tHeS.
for ECWPs — the Forest Stewardship Council (FSC1201
Taylor 2012) and the Sustainable Forestry Init@ati{SFI
2012) — are addressed in the final section of theey in-

One way for homebuilders to motivate homebuyers tostrument used in this study. Programs such as F8Gde a

pay a premium for purchasing a green-certified hasnto
highlight how the homes they build perform diffetfgrthan
typical homes. The U.S. Department of Energy isrmiing
green-building practices that view the home asyaté&n of
integrated subsystems” (i.e., whole-house systgmpsoach)
(U.S. Department of Energy 2011a). Thus, one way
homebuilders to differentiate themselves is bydvdtiform-
ing motivated homebuyer segments within the maaketut
the potential financial and resource savings aasediwith
using such building concepts. The basic premisthisftype
of differentiation is that homebuilders can demaoatst their
awareness of the more scientific way to build a &diy ap-
proaching it as a system of subsystems.

The process of differentiating a market offeringroti-
vated segments is not new. Schumpeter (1934, 1842)
scribed market differentiation as a process thamstfrom
alert firms capitalizing on overlooked opporturstiby im-
plementing new products, processes, and techniddese
recently, Hargadon and Sutton (2001) described#mesfits
associated with targeting specific market segmbnptasing
products derived from raw materials that were \meliepted
and appealed to users. This may prove to be anrtango
concept as future energy codes continue to chalémgne-
builders to become more informed and trained ireora
respond to energy-performance increases (U.S. Depat
of Energy 2011b). However, some homebuyer segnmeays
not be motivated to pay for something they do reltelve
they need or desire. Often, successful segmentatitirin
markets that involve new-product adoption requagselim-
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structure for the certification process by actisglae overseer
of certifying agents and establishing the princpdad criteria
for providing certification (Scrase 1995). Howeueecause of
GBP’s inconsistencies, such as LEED for Homes matrd-
ing points for environmentally certified wood prads certi-

fofied by SFI, homebuilders and consumers alike ocomtito

guestion some aspects of GBPs (Ozanne 2003).

Survey Methodology and Data Collection

This study collected information over the courseapf
proximately one month during the fall of 2011 usigveb-
based survey instrument. Reasons for doing sohargreater
speed and lower cost of implementation (Dillman 2000; Duffy
et al. 2005), and the fact that the time lag fratlecting the
data is drastically reduced when compared to iradit sur-

vey methods (Schonlau et al. 2006). The data deliewere

used to develop profiles for two categories of hbuilders —
Green and Traditional — according to six greending cate-
gories. The six categories measured are commordy ts
assign points to green homebuilding projects folP6B
Sample Size Assumptiors- Part of many homebuilders’

marketing strategy includes the decision of whetiteiuse
GBPs. Many homebuilders may use green productsaatip-
es while not necessarily using a GBP, due in Igay to the
relative newness of GBPs and the cost of certiboatThus,
the low adoption rate of GBPs was considered ierd@hing
a representative sample size for this study.
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Green builders were defined as homebuilders thait ce
fied at least one home using a GBP during 2010, Taadi-
tional builders were defined as those responddras tiad
not done so. Membership e-mail distribution listerevob-

tained from NAHB and USGBC’s LEED for Homes. Mem-

bers were invited to participate in an online synand re-
minders were sent out until a proportionate nuntdfere-
sponses were returned from regions of the U.S. ¢bate-
sponded to geographic homebuilding patterns octyidir-
ing 2010 .

Survey Development— The questionnaire underwent
extensive pretesting for clarity and comprehenstgsnby
housing professionals and academics. Because sp maame-
builders have been idle or forced out of businaess w the
recent downturn in the residential construction ustdy
(NAHB Research Center 2012b), a screening questias
asked to ensure that participants were homebuildads re-
modelers involved in two or more residential comstion pro-
jects during 2010. A total of 13 items were meaduoedeter-
mine differences in how these homebuilder types,(Green

Based on these assumptions, an online sample-aize cand Traditional) select materials. This includeghis regard-

culator was used in lieu of manually performing tadcula-
tion within this section of the paper (American Bagh
Group, 2011). The calculator algorithm was basedmormal-
pha-level of .05 and required an input for the éangopula-

ing wood, steel, and concrete products’ 1) ovepaite, 2)

level of CQ emission created during their manufacture, 3)

availability, 4) consumer demand, 5) low maintergn6)
whether they are made using recycled materialt)e/jecycla-

tion size N). It rendered outputs for various acceptable marbility of the materials used in their manufactugd, energy
gin-of-error levels @), for which this study chose a value of efficiency, 9) ease of installation, 10) whetheeythare made

(.05). The estimated value for the proportion af #ample
that is aware of green-building materials and pcast P)

was assumed to be evenly distributed at 50% becsarse
green materials and practices have been used bgthola-
ers for decades due to their decreasing price, (@ustitut-
ing oriented strand board for plywood). Thus, tlzengle
size calculation was based on the following data.

« N =211,647 homebuilders (including residential and
multi-family homebuilders and home remodelers (U.S.
Census 2004))

« d=.05 (acceptable margin of error for the estimated
value ofP)

« P =.5(due to varied levels of awareness regardifig d
ferent construction materials and practices)

e N =384 (required sample size, rounded up)

Although the minimum sample size was calculatedeto
383.5, this study was able to accept 618 returnedegs
from representative areas where homes had beenirbtiile
U.S. during 2010. These additional responses, whiete
included as an added measure in order to captux@rmm
variation among respondents, were made possibledbais
available funding for this phase of the study.

Data Collection — The NAHB Research Center, a
wholly owned subsidiary of the National Associatiof
Homebuilders (NAHB), is the largest trade assoaiain the
U.S., with more than 150,000 registered homebusldes-

from renewable raw materials, 11) whether theynaaele from
locally produced materials, 12) length of expectetvice life,
and 13) the amount of energy used in their manufact

A total of 12 commonly accepted technologies from a

national repository known as the ToolBase Technplogen-

tory (ToolBase 2012) were used to measure diffargnoe-
tween the two homebuilder types (i.e., Green aratlifional)

regarding their familiarity with building-producg¢hnologies.
This included 1) energy-recovery ventilators, 2)ergy-

efficient windows, 3) solar water-heating, 4) stual insulat-

ed panels, 5) radiant barriers, 6) solar power-ggiom, 7)

engineered wood, 8) water-conserving fixtures, 8grgy-

efficient appliances, 10) concrete with reduced e@inl11)

low volatile organic compounds (VOCs)/low toxic piai, and
12) tankless water heaters. This section of theeguwas fol-

lowed by one that asked respondents to measure ilmw
portant each of the 12 building-product technolegieas in

reducing the carbon footprint of a home.

Respondents were asked to compare two environnhental

certified wood programs: SFI and FSC. The four gerom-
pared were 1) consumer awareness, 2) availalijtyyvhether
one program is better for the environment thanatier, and
4) whether one program uses more sustainable forasage-
ment practices than the other.

Lastly, respondents were asked to compare two GBPs:
ICC-700 and LEED for Homes. The seven items contpbare

were 1) brand recognition by customers, 2) infleeon home
sales, 3) effectiveness in reducing the environaleobtprint
of the house, 4) cost of certification, 5) docuragion require-

modelers, and manufacturers (NAHB Research Centgrents, 6) how easily understood the rules are,7anailling-

2012b). It has the greatest reach to the homelyyildpula-
tion through its member-based internet panel of élouiid-

ers and remodelers, which reaches all 50 states@mgris-
es firms of all sizes. USGBC’s LEED for Homes dar4-

tion maintains a similar e-mail distribution ligtat was ac-
cessed for this study. Thus, 2,000 e-mail addresses ran-
domly selected to send invitations to homebuildeastici-

pating in the NAHB Research Center’s internet paras
well as those homebuilders on LEED’s e-mail disttidn

list. Reminders were sent out until 618 surveyseweturned
in accordance with geographic homebuilding patteawur-

ring during 2010.
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ness of customers to pay a price premium. Scalesl us
throughout the study ranged from 1 = Not Importafiéctive
to 5 = Extremely Important/Effective. The only egtien was
for the final section, which compared two GBPs. ¢{ethe
scales ranged from 1 = LEED for Homes is much béit® =
ICC-700 is much better. Student t-tests were peréar using
SPSS® to determine if statistically significantfeiences in
mean-values existed between responses providededoh
question by Green builders and Traditional builders
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Results Table 2. Differences in attributes that influence material
Response Rates and Demographies As previously  selection.
shown, the required minimum sample size is 384, atutal

of 618 usable responses were receifeain a randomly se- Attributes
lected sampling frame of approximately 2,000 honidbu that Drive Builder Std.  p-val.
members from NAHB and LEED — 65% Traditional home-  Material Type N Mean  n
builders (n = 401) and 35% Green homebuilders @L7). Selection
The regional representation of the survey respasddigned

. . . - . Green 217 4.45 0.584
with the regional breakdown of housing starts i1Q@(i.e., Long service life 008*

59% indicated they built in cities with populatiogseater Traditional 319  4.31  0.604

than 50,000 persons, 27% built |n0 towns v_wth po‘gmllm; Green 217 442 0663
less than 50,000 persons, and 14% built in ouyhaneas  gpergy efficiency B 000*
with low-density populations scattered throughoutaege Traditional 319  4.13  0.694
area. No statistical differences were detected detwre- Made with renew.  Green 217 341 00982
sponses received in a timely fashion (n = 494) uethose bi teri I- " .001*
received by the last 20% of respondents (n = 184y ag-  2°€ 'aw materials Traditional 319 313 0.898
minders were sent out, so any potential instabdéysed by | 5cally produced ~ Green 217 341 101 .
I(aAte—retsponse 3ia§ w?s colngs,;g()ereg to haveh_beirnn'rnk'q;:) material Traditonal 319 3.8  0.946 .009
rmstrong and Overton, . Demographic breakuow — c 517 335 1008
of the respondents are showrTiable 1 Recyclability of reen ' ' 012*
the material Traditional 319 3.13 0913 °
Table 1.Demographics (n = 618). Vg with Green 217 332 0956
. .000*
Home- Re- Urban  Small  Rural recycled materials Traditional 319  3.02  0.89
builders modelers Areas  Towns  Areas
n (%) n (%) n (%) n (%) n (%) Availabiliy Green 217 4.41 0.595 202
Traditional 319 435 0.612 °
Builder 501 117 Green 217 4.35 0.671
NA NA NA . .738
type 81% 19% Overall price
ype  (B1%)  (19%) VOralPICe  rradional 319 437  0.664
Mark 364 167 g7 Green 217 4.32 0.663
arket L int L 114
type NA NA (59%) (27%) (14%) ow maintenance Traditional 319 4.23 0.605
Green 217 4.10 0.917
NA: Not Applicable Consumerdemand. - itonal 319 413 0720 ©
Note: Western U.S. states represented 22% of relgpis) Green 217409 0650
Midwest (27%), Northeast (21%), and the Southe®. U. Ease of installation ' ' 694
Traditional 319 411 0.632 °
states represented 30% of respondents.
Amount of energy  Green 217 3.04 1.094
used in its - 112
The Importance of Attributes that Drive Material €S manufacture  1'aditional 319 2.90  0.993
Iectior_1— Responden_ts were as_ked to rate 13 items regarding Level of CQ Green 217  2.93  1.095
material selection (using a 5-point Likert-like lEcavhere 1 =  emission created 060
least important to 5 = most important). The two lebmilder during its Traditonal 319  2.75 1.018 °
types (i.e., Green and Traditional) differed sigmifitly (i.e., manufacture

statistically) on six of the 13 items. Long servide of the  « statistically significant at the alpha-level 65.

material seems to be fairly well understood bybailders as

an important attribute for material selection. Tisigollowed

closely by the energy efficiency of the materialiling ma- Wood — Two of the six perceptions related to wood
terials that are derived from renewable sourced,raaterials  have statistically significant mean-value differesic Green
that are produced locally. The recyclability of theaterial  pyilders have a stronger belief than do Traditiomailders
and products that are made with recycled materalad out  that wood is a highly renewable material. Howevkey are
the list. Thus, the seven statistically non-siguifit items ot as convinced as are Traditional builders thabdvcon-
were 1) overall price, 2) level of G@mission created during tributes to the high energy efficiency of the coetpt house.

its manufacture, 3) availability, 4) consumer detha) low Steel — Al six perceptions regarding steel have statisti-
maintenance, 6) ease of installation, and 7) theummof  cally significant differences in mean values. Grémiilders
energy used in its manufactufable 2 lists the mean-value pelieve more strongly than do Traditional buildérat steel is

responses in descending order for attributes thiiieince  recyclable and has a long service life. Howeveithee group
material selection.
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is convinced (i.e., all mean-values are near os kesn 3
based on a 5-point scale) that steel is a highlgwable ma-
terial, uses low energy during its manufacturinggasss, has

Familiarity with Building-Product Technologies —
There are specific building-product technologiest thre be-
coming more accepted by builders (ToolBase 2018¢. fivo

low CO, emission during its manufacturing process, or con-groups of homebuilder types (i.e., Green and Ticuhf)

tributes to the high energy efficiency of the coetpt house.

were asked to measure their level of familiarityhwi2 com-

Concrete — Green builders believe more than Tradi- monly accepted technologies from a national reposit

tional builders do that concrete has a long serlifeeand is
recyclable. Both homebuilder types become a bitemm@u-
tral in their beliefs regarding concrete’s attrimias a green-
building material (i.e., all mean-values are nedess than 3
based on a 5-point scale} that concrete has low G@mis-
sions during the manufacturing process, and thatrete
uses a relatively low level of energy in its marmtdiae into

known as the ToolBase Technology Inventory. Gragidérs
are significantly (i.e., statistically) more fanaitiwith energy-
efficient windows, energy-efficient appliances, erat
conserving fixtures, and VOCs than are Traditidmalders.
Traditional builders claim to be about as familes Green
builders with six of the 12 technologies. Howeveejther
builder type is very familiar with tankless watezaters, heat-

building productsTable 3 lists the mean-value responses in recovery ventilators, concrete with reduced cemeaolar

descending order for using wood, steel, and coecest
building products

Table 3. Differences in perception of wood, steel, and con-
crete as building products.

power-generation, solar water-heating, or struttunsulated

panels.Table 4 lists the mean-value responses in descending

order for familiarity with building-product techragies.

Builder Type N Mean Std. Dev. p-val.
Perceptions of Wood as a Building Product
s recyclable Tadtonal  s01 a6 o777 0300
Has a long service life TrSdri?iirr]ml 3%17 3377 8%‘3 0.938
Is a highly renewable material TrSdri?i%l;al 3%317 23(? 89835 0.022*
Has low CQ emission during manufacturing process Trgdri?i?)rr]]al 3?317 gjg 88832 0.381
Uses low energy during its manufacturing process TrSdri?iirr]ml 3%17 §§§ 833: 0.353
Contributes to high energy efficiency of completedise TrSdri?i%l;al 3%317 ggg' Sg;g 0.012*
Perceptions of Steel as a Building Product
s ey N - s
Has a long service life Trgdri?i?)rr]]al 3?317 233 ggég 0.013*
Is a highly renewable material TrSdri?i%l;al 3%317 ggg i1.628555 0.011*
Has low CQ emission during manufacturing process TrSdri?i%l;al 3%17 2255 0088754 0.007*
Uses low energy during its manufacturing process Trgdri?i?)rr]]al 3?317 223?1 8881197 0.000*
Contributes to high energy efficiency of completedise TrSdri?i%l;al 3%317 zzgg (())89;15? 0.016*
Perceptions of Concrete as a Building Product
s recyclable Tadtonal 301 asa  toip 00
Has a long service life TrSdri?i%l;al 3%317 2;2 87711'3 0.009*
Is a highly renewable material TrSdri?i%l;al 3%317 3853 Sggf 0.172
Has low CQ emission during manufacturing process Trgdri?i?)rr]]al 3?317 3233 8?3? 0.000*
Uses low energy during its manufacturing process TrSdri?i%l;al 3%317 zzgg gggfg 0.000*
Contributes to high energy efficiency of completedise TrSdri?i%l;al 3%317 ggg' Sgg; 0.825
* statistically significant at the alpha-level 6b.
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Table 4. Differences in familiarity with building-product

technologies.

Builder

Table 5. Differences in environmental perceptions of build-

ing materials.

Builder

Std.

Std. N  Mean -val.
Type N Men o, pval Type Dev. P
Familiarity with Building-Product Technologies EU”?i”_g tMateriaI’s Ability to Reduce a Home’s Cadn
ootprin
. Green 217 3.93 0.339 - Green 209 4.69 0.545
Energy-efficient 0.031* Energy-efficient 0.003*
windows Traditional 297 3.86 0.406 windows Traditional 270 4.53 0.717
- Green 217 3.87 0.387 . Green 209 455 0.607
Energy-efficient 0.001* Energy-efficient 0.001*
appliances  Traditional 297 3.74 0.481 appliances  Traditional 270 4.35 0.717
Engineered Green 217 3.85 0.419 Water- Green 209 4.43 0.657
wood (e.g., I- conserving o 0.000*
joist, OSB,  Traditional 297 3.77 0500 >0t fixtures Traditional 270 4.14  0.833
LVL, etc.) Engineered
Water- Groen 517 372 0518 WOO% g 1 Green 216 4.13 0.840 .
conserving . 0.001* joists, OSB, - '
fixtures Traditional 297 355 0.614 LVL. etc) Traditional 295 4.01 0.835
. . Green 209 4.12 0.850
Low VOC Green 217 3.70 0.552 0.000¢ Low VOC 0.016"
Paints Traditonal 297 3.10 0.822 Paints Traditional 270 3.64 0.914
Green 217 3.30 0.733 Green 209 3.92 0.914
Tankless water 0.000* Heat-recovery 0.000*
heaters Traditional 297 297 0.741 ventilators Traditional 270 3.49 0.878
Green 217 291 0.87 Green 209 3.77 0.991
Heat-recovery 0.000* Tankless water 0.004*
ventilators Traditional 297 2.41 0.809 heaters Traditonal 270 3.53 0.916
. . Green . .
Concrete with Green 217 291 0.913 0.000* Radiant barriers 207 3.71 0.986 0.156
reduced cement Traditional 297 2.47 0.908 Traditional 279 3.59 0.868
Green 217 2.89 0.889 Solar power Green 209 3.71 0.933
. . _ wer- -~ 0.000*
Radiant barriers Traditional 297 2.77 0.851 0.113 generation Traditional 270 3.31 1.010
Green 217 264 0.74 Green 209 3.65 0.920
Solar power- 0.000* Solar water- 0.000*
generation  Traditional 297 2.22 0.555 heating Traditonal 270 3.30 0.999
Green 217 255 0.699 , Green 209 3.50 0.894
Solar 0.000* Concrete with 0.000*
water-heating  Traditional 297 2.24 0.575 reduced cement Traditional 270 3.18 0.827
Green 217 253 0.701 Green 215 3.44 1.048
Structural 0.020* Structural 0116
insulated panels Traditional 297 2.38 0.643 insulated panels Traditional 292 3.30 0.887

* statistically significant at the alpha-level 6b.

Carbon Footprint Associated with the 12 Building-

* statistically significant at the alpha-level 6b.

Thus, Green builders and Traditional builders dat n

Product Technologies— The two groups of homebuilders differ on the extent to which structural insulageahels, radi-

(i.e., Green and Traditional) were asked to meatheie per-
ception of the ability of these same 12 building¢arct tech-
nologies to reduce a home’s carbon footprint. Théssical-
ly significant differences ordered according to tlegest
mean-values for the two groups were for energ\cieffit
windows, energy-efficient appliances, water-conisey\fix-
tures, low VOCs, heat-recovery ventilators, tanklegter
heaters, solar power-generation, solar water-hgatand
concrete with reduced cemeriable 5 lists the mean-value
responses in descending order for environmentalepdons
of building materials.
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ant barriers, and engineered wood products sevedduce
the carbon footprint of a home.

Perceptions Regarding Environmentally Certified
Wood Programs— Neither homebuilder type is very familiar
with ECWPs. Green builders perceive FSC to be #ligh
more effective than SFI, while Traditional buildease less
convinced of the effectiveness of either group.réhgere no
statistical differences between the two homebuilgpes re-
garding the effectiveness of ECW#PEable 6 lists the mean-
value responses in descending order for ECWPs.
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Table 6. Differences in familiarity and effectiveness of/en

Table 7. Differences in the effectiveness of green-building

ronmentally certified wood programs. programs.
Builder Std. Builder Std
R N Mean -val
Type N  Mean Dev. P val. Type Dev p
Familiarity with Environmentally Certified Wood Prgrams Familiarity with Building Programs (LLED, ICC-700)
. . Green 217 3.32 0.94
FSC _(?rede_n 217 2.69 1'0020 000* Familiarity with Tradi 0.000*
fad- - o95 183 882 ICC-700 radt 991 230 0691
tional tional
Green 217 248 977 . o Green 206  2.89 0.939
SFI Tradi- 500 4 gg 861 0.000 Familiarity with 0.000*
tional ' ' i- )
LEED for Homes Egicgl 243 295 0627

Effectiveness of EnvironmentallZertified Wood Programs

Effectiveness of Green-Building Programs (LEED v€C-700)

FSC vs SFI: Better Green 169 3.86 1.608
for the Tradi- 0.322
environment tional ~ 1°0 403 1428
FSC vs SFI: Green 169 3.79 1.622
Sustainable forest  154i- 0.267
management tional 150 3.99 1.470
Green 169 3.88 1515
FSC vs SFI: Ready 0.760
availability Tradi- 150 3.93 1491
tional ' ’
FSC vs SFI: Green 169 3.73 1.706
Consumer . 0.313
awareness -lt-iga;]dél 150 391 1.465

* statistically significant at the alpha-level 6b.

Perceptions Regarding Green-Building Programs-
The mean-values of specific builder perceptionsardigg
GBPs differ largely (where a value of 1 means tHaED for
Homes is Best, and a value of 5 means that ICCig @@st),
in that Traditional builders feel more strongly thdo Green
builders that the ICC-700 program is more effectiveeduc-
ing the environmental footprint of the house thathie LEED
for Homes program, and that ICC-700 has more infteeon
home sales than does the LEED for Homes progranthéte
category of homebuilder claims to be very familiaith
GBPs, but Green builders are more familiar with 2@ and
LEED for Homes than are Traditional builders. Ttiactal
builders feel more strongly than do Green buildibiet the
ICC-700 has stronger brand

Green 206 454 1.200
Cost of 0613
certification Tradl- 243 448 1406
tional
. Green 206 441 1.272
Documentation
: Tradi- 0.998
requirements 243 4.41 1.418
tional ) '
. Green 206 4.28 1.276
Easily understood
rules Tradi- 0.591
. 243 435 1.413
tional
Customers’ Green 206 396 1444
willingness to pay Tradi- 0.072
a price premium tional 243 4,21 1.466
ronmental footprint ) 0.042*
ofthehouse ~ Trad- 5,3 3497 1500
tional ' )
Infl h Green 206 3.59 1.602
n uensc:Ieosn ome . 0.017*
Tradi- 543 394 1523
tional
Brand i Green 206 2.78 1.667
by customers Tradi. 0.000°
. 243 3.56 1.693
tional

Table 7 lists the mean-value responses in descending order

for the familiarity and effectiveness of GBPs.
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Discussion

Homebuilders often give preferential consideratton
cost and availability of supply when selecting Binfy mate-
rials. This is understandable because as JacobseKaich-
en (2011) showed, return on investment (ROI) faegrcer-
tification is still not well documented. Until thegypes of
ROI studies are conducted, many builders will qorgito be
price motivated. The findings from Oster and Quig&977)
continue to remain valid in as much as governmaoén-
tives, rather than mandates, will likely be the keynotivat-
ing builders to consider green options.

As pointed out in Nation’s Building News (2007a and
2007b), Green builders give particular consideratmitems
such as using recycled materials derived from raidsvraw
materials, the energy efficiency of the materidhether the
material is produced locally, its recyclability,caits service
life. These efforts are all well aligned with acgug points
when certifying homebuilding projects through GBBsth
homebuilder types (i.e., Green and Traditional)emppo be
knowledgeable about VOCs, water-conserving fixtueasd
energy-efficient appliances and windows. Unfortehat
neither homebuilder type (i.e., Green nor Trad#iprseems
to be well informed about solar power-generatiaarswater
-heating, structural insulated panels, heat-regowemntila-
tors, cement’s impacts on the environment, or esskiwater
heaters. Homebuilders likely will be motivated &oniiliarize
themselves more about building materials becaus¢hef
trend that CEA (2012) reports of homeowners degigner-
gy-efficient upgrades. Similarly, homebuilders wilkely
become more familiar with GBPs if the 2011 McGraill-H
Construction report, which anticipates a doublinglemand
of green homebuilding certifications, proves tcalseurate.

Green builders believe wood is a highly renewabée m
terial, and that steel and concrete are both rabjeland
have a long service life. Traditional builders be& wood
and steel contribute to a high level of energycédficy in the
completed house, and that the manufacturing ofl sted
concrete both has low G@missions and uses a low level of
energy. Thus, as Eisenberg et al. (2002) foundetbentinue
to be gaps in homebuilders’ levels of knowledge ander-
standing. However, as Cooper (1999), Brunner (208tj
Markham (2002) suggest, these knowledge gaps ikélyl
begin to narrow as homebuilders continue to gaimetier
understanding of what information potential buyespect
from them.

Neither homebuilder type (i.e., Green nor Tradiipn
seems to believe that environmentally certified @vqmo-
grams are very effective. This makes sense givean@z's
(2003) findings of inconsistencies in GBPs not ggtning
all environmentally certified wood products progganfror
example, Green builders perceive the Forest Steshgrd
Council (FSC) to be slightly more effective thae tBustain-
able Forestry Initiative (SFI). This is most likehecause
Green builders have certified more with LEED forriks to
date, and it assigns points only for using FSC.sTlg Bowe
and Hubbard (2003) point out, increased awareness a
transparency of ECWPs should assist homebuildersaik-
ing more informed decisions on the merit of usinghspro-
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grams, thereby increasing the adoption rates cfetltgpes of
programs.

Understanding adoption patterns between homebuilder
types (i.e., Green and Traditional) hopefully wétlvance
housing research such as that of Blackley and 3t€pa96)
and more recently Ganguly et al. (2009) so it camtioue to
develop more accurate models of green building.eRognd
Shoemaker (1971) provided a general adoption thagaynst
which to gauge adoption patterns, but as Koebal.§2003)
showed, the homebuilding industry traditionally hext fol-
lowed adoption patterns of other industries.

Conclusions

There appear to be differences in U.S. homebuilders
use and perceptions regarding green homebuilding; however,
they do not appear to be pronounced. Green buikksm to
give more consideration to issues related to tineweability
of building materials than do Traditional builderd/ood
seems to rate well with Green builders in its reaeility,
whereas they prefer steel and concrete becaus®sd imate-
rials’ longer service life. The two homebuilder égdiffer in
that Traditional builders (more so than Green larddl be-
lieve wood and steel contribute to a high leveeoérgy effi-
ciency in the completed house, and that the matwrfag of
steel and concrete has low £émissions and uses a low level
of energy. Both builder types (i.e., Green and Ti@ugl)
seem well informed about issues related to VOCgemwa
conserving fixtures, and energy-efficient applismead win-
dows. However, neither homebuilder type seems \vell
formed about issues related to solar power-gemerasolar
water-heating, structural insulated panels, hezdvery ven-
tilators, cement’s impacts on the environment, amkless
water heaters. Similarly, neither group seems towvbb in-
formed about green-building programs, nor doeseeigfioup
seem to believe that environmentally certified wepodgrams
are very effective.

Study Limitations— This study limited its analysis to
six categories associated with how homebuilderseivec
points when certifying homebuilding projects withBBs.
There are admittedly other categories that coulcredyzed
to develop more comprehensive profiles of homeleudd A
phenomenon that will be challenging to account jet, one
that needs to be considered, is homebuilders wiid b a
green standard but choose not to pay for the dosrtifying
with a GBP. Analysis of these types of factors wefiable
researchers to develop a much clearer understarafirige
differences between Green builders and Traditibodtlers.

Future Research— Of interest to the findings for any
research is the “why” behind the findings. It wile highly
valuable to qualitatively ascertain information aedjng
homebuilders’ beliefs. This more than likely wile bmost
effective when conducted in the form of moderated
roundtables where homebuilders can speak freelytabpics
such as the ones discussed in this paper. Althooglgener-
alizable, this type of research will provide a méerough
understanding on which researchers can base fugtteatita-
tive studies.
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Endnotes Eastin, I. 2005. Does lumber quality really mateetbuild-

1 The carbon footprint of a home is a calculatioat ttan be ers? In Productivity of Western Forests: A ForestdP
performed to determine how many tons of carboreis b ucts Focus. U.S. Department of Agriculture, 131-139
ing generated by the materials used to construet thEisenberg, D., Done, R., and Ishida, L. 2002. Biregnk
home, as well as the energy used to operate thee hom down the barriers: Challenges and solutions to code

(Global Footprint Network 2012). approval of green building. Development Center for
2 An internet panel maintenance fee was paid td\thelB Appropriate Technology. Tucson, AZ.

Research Center, which in turn offered gift poitns FSC. 2011. Global FSC certificates: types and iistion.

members who returned completed surveys. Retrieved February 13, 2012, from www.fsc.org/
3 Although the study was able to fund the collectid 37% fileadmin/webdata/public/document_center/

more responses than required, the survey was quite Powerpoints_graphs/facts_figures/2011-09-15-Global-
lengthy because of branching and piping that was pr FSC-Certificates-EN.pdf .
grammed into it to garner the maximum amount oidat Ganguly, 1., Koebel, T., and Cantrell, R. 2009. #egorical

possible. However, a shortcoming of this compretvens modeling approach to analyzing new product adoption
approach was that there was between 13% and 27% and usage in the context of the building-materiadtis-
missing data on the responses analyzed. Typictiiy, try. Technological Forecasting and Social Change.
relatively high percentage of missing data wouldsea (October).
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than were necessary, more than a sufficient nurober role of green building programs in enhancing thegesof
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