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The sustainable building design movement has gained momentum within the United States in recent
years. This has led to a proliferation of green building certification programs like Leadership in Energy and
Environmental Design (LEED) and the development of engineered wood products (EWP) like cross laminated
timber (CLT). Often, architects serve as the conduit between green building construction material and their
use in construction. There is need to investigate the perceptions and practices of architects on the topic of
green building certification and EWPs. In partnership with the American Institute of Architects (AlA), this
study surveyed registered architects practicing in Arkansas to a) examine interest in and application of LEED
certification and b) beliefs related to sustainability, affordability, and availability of EWPs. Results suggest
a majority of architects surveyed have interest in the LEED program and have previously earned LEED-
certification for a building design. Respondents rated the importance of improving human health and well-
being as especially high but appear to doubt the ability of EWP to contribute to sustainable design. Analysis
revealed that CLT use is significantly lower than that of more typical EWPs such as plywood panels and glue
laminated timber. Architects also indicated that the affordability and availability of modern EWP represent
significant barriers to their utilization within the state. To increase the rate of sustainable development, it
will be necessary to highlight benefits to human and environmental health and generate interest amongst
architectural clientele.
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Sustainability is a hallmark of community planning and development, and public policy, with hu-
man-environmental benefits possible through conscientious, environmentally-friendly design
choices (Ortiz, Castells, and Sonnemann 2009). Efforts to institutionalize pathways to such choic-
es - e.g., those that guide building construction materials — have led to organizations like the U.S.
Green Building Council (USGBC) and the Leadership in Energy and Environmental Design (LEED)
criteria. Building construction, in addition to maintenance and operation, account for one-third of
global energy use, with roughly 11% of energy sector emissions originating from the construction
industry (Jain, Mital, and Syal 2013; UN IEA 2017). Engineered wood products (EWPs) offer a struc-
tural material alternative to steel and concrete construction that can mitigate energy consumption
from buildings. In the case of building construction with EWPs or other sustainable materials, the
choice to consider or pursue sustainable design and materials is often initialized early in the process
by a client or architect. Regarding architects, few studies assess this groups familiarity with, use of,
and opinions on sustainable design, LEED, and EWPs, particularly in regions with established for-
est-products sectors and developing EWP markets. As such, this research examines perceptions of
sustainable design, LEED certification, and EWPs among architects practicing in Arkansas.

LEED Certification and Sustainability goals

The LEED certification systems is a widely recognized and implemented framework for green
building design and has evolved over the years to accommodate a growing number of environ-
mental concerns (Matisoff, Noonan, and Mazzolini, 2014; Amiri, Ottelin, and Sovari 2019). Its cri-
terion of sustainability for both old and new construction is comparable to that of other inter-
national green building rating systems, such as the UK-based Building Research Establishment
Environmental Assessment Method (BREEAM) and Japan's Comprehensive Assessment System
for Building Environmental Efficiency (CASBEE) (Ahmed, Hasan, and Mallick, 2018). Whether the
evaluation is made through a credit-earning system or benchmark assessment, certification for
the majority of green building systems is awarded to construction surpassing some set threshold
of ecological efficacy and energy performance (Ahmed, Hasan, and Mallick, 2018).

Within LEED, certification is tiered based on the number of points awarded, with four levels of
compliance available: certified, silver, gold, and platinum. Earlier iterations tended to emphasize
over-simplified denominations of material sustainability based on single-attribute criteria such
as recyclability (USGBC 2019a). A review of LEED buildings in New York found that only buildings
of the gold tier and higher produced statistically significant reductions in energy consumption
(Scofield 2013). Meanwhile, findings surrounding the energy saving potential of occupied LEED
certified buildings reveal that on average, commercial LEED buildings of medium energy use yield
energy savings of 19-39% as compared to equivalent non-LEED counterparts, depending on fac-
tors such as age and climate (Newsham, Mancini, and Birt 2009). However, this trend alone does
not fully reveal the reality of energy use in LEED buildings, as energy use rates have been found
to vary widely amongst individual buildings, and, in fact, 28-35% of LEED certified buildings were
found to use more energy per unit floor area than non-LEED buildings (Newsham, Mancini, and
Birt 2009). Amiri and others (2019) found that the energy efficiency of buildings with lower levels
of LEED certification was questionable, especially at the “certified” level.

In response to these shortcomings, a new version of the system, known as LEED v4, was intro-
duced (Scofield 2013). Currently, LEED specifies six targeted credit categories through which up
to 100 certification points are awarded. In total, they include location and transport, sustainable
sites, water efficiency, energy and atmosphere, material and resources, and indoor environmental
quality (USGBC 2019a). Ten additional points, known as Innovation and Regional Priority credits,
may be awarded to a project based on its ability to address local, specific environmental concerns
(USGBC 2019b). By adhering to LEED’s accreditation guidelines and requirements within these
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credit categories, buildings can meet the sustainability goals (USGBC 2019a). Sustainability goals,
referred to as Impact Categories, were developed as means of addressing the question of what a
LEED building should accomplish (USGBC 2019b). In total, there are seven categories, each with

its own set of indicators of compliance (Table 1).

LEED v4 Impact Category

Reverse Contribution to Global Climate
Change

Enhance Individual Human Health and
Well-Being

Protect and Restore Water Resources

Protect, Enhance and Restore Biodiversity and
Ecosystem Services

Description

Reduce CO, emissions associated with building opera-
tions, transportation, material use, water consumption,
and energy utilization

Improve comfort of building occupants and reduce expo-
sure to harmful element

Promote water conservation and water quality preserva-
tion. Preserve natural hydrological cycles

Improve habitat conservation opportunities, ecosystem
services, and species diversity on a local and global level

Reduce negative environmental impacts produced by
raw material extraction through renewable material
life-cycles

Promote Sustainable and Regenerative
Material Resource Cycles

Raise the value of green buildings and support green

Build a Greener Econom . ) o .
y industries through financial incentives

Create a strong sense of place and resilient living
communities. Promote human rights and environmental
justice

Enhance Social Equity, Environmental Justice,
Community Health and Quality of Life

Engineered Wood Products

If sustainability is to be given a central position in community planning and development, a poten-
tial route to address traditional building design shortcomings is via emergent engineered wood
products (EWPs). Engineered wood products provide performance and cost improvements over
traditional sawn lumber (Van de Lindt et al. 2010). Cross-laminated timbers (CLT) are a rapidly
emerging structural EWPs, and is an alternative to steel and concrete, due to their seismic re-
sistance, elasticity, structural strength, and dimensional stability (Van de Lindt et al. 2010; Ritter,
Skog, and Bergman 2011). The environmental benefits of CLT include improved use of natural
resources, carbon storage, and ecosystem improvement (Ritter, Skog, and Bergman 2011).

Sustainable Design and Architect Perspectives

Architects play a key role in the promotion sustainable design frameworks like LEED, particularly
those that can increase sustainability and the use of forest products that benefit economies and
ecosystems (O'Connor et al. 2004). Furthermore, the fact that LEED participation is voluntary on
the part of architects and their clientele stresses that from interest, to design, to construction,
the success of LEED is partially dependent on cognitive and experiential elements like attitudes,
interests, experiences, and familiarity. As such, this research builds on the empirical basis of pre-
vious assessments of wood-products sector stakeholders and architects (Franzini, Toivonen, and
Toppinen 2018; Mat'ova and Kaputa 2018) alongside a theoretical framework informed by attitude
research and volitional behavior, e.g., the theory of planned behavior (TPB) (Ajzen 1991; Bysheim
and Nyrud 2009), a conceptualization of direct experience (Heberlein 2012), and past work on fa-
miliarity (Hammitt 1979; Peterson and Vaske 2017; Oku and Fukamachi 2006).
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Attitudes

Attitudes represent an indispensable concept to assess an individual's positive-to-negative eval-
uation of a phenomenon, for example, a stakeholder's evaluation of local timber extraction (All-
port 1935; Eagly and Chaiken 2007). In the context of sustainability and wood products, previous
studies reveal positive evaluations of and attitude towards LEED and EWPs among architects,
but not necessarily LEED among clientele (USGBC 2019%b; Ross, Woxblom, and McCluskey 2010).
For example, research conducted on members of the Triangle Chapter of the USGBC in North
Carolina show that barriers to sustainable design stem from a reluctance on the part of develop-
ers and investors to commit to the initial higher costs of sustainable design, regardless of cost
saving features associated with the long-term operation of green building (Knowles et al. 2011).
In the context of EWPs, Bysheim and Nyrud (2009) found architects’ attitude towards wood as a
structural material was a significant predictor of their intention to use wood in construction. These
studies and other, stress the importance of understanding attitude towards certain characteristics
of sustainable building design and EWPs as essential information for these sectors to be success-
ful. For example, Gosselin et al. (2017) found architects had a positive attitude towards wood’s
characteristic, “ease of use”; in contrast, “fire resistance” was associated with a negative attitude.

Experience and Familiarity

Regular, direct experience can have a positive effect on intentions and subsequent behavior (He-
berlein 2012). Similarly, familiarity is viewed as an important component of environmental sus-
tainability preference (Hammitt 1979). A critical element of the LEED and EWPs context that is in
line with this perspective is that few CLT structures exist in the United States, which limits oppor-
tunities for architects to gain first-hand experience and familiarity. Familiarity with CLT and other
modern EWPs has been reported as low amongst architects across the United States. A 2015 study
found that only 4.3% of responding architects were “very familiar” with CLT construction (Mallo and
Espinoza 2015). Surveys of architectural firms indicated that 42.3% had learned of CLT through
magazines and 20.3% through the internet (Mallo and Espinoza 2015). Only 17.5% gained primary
information through professional conferences and workshops. As such, knowledge, experience,
and familiarity regarding engineered wood products remains nascent among architects in the Unit-
ed States. (Mallo and Espinoza 2015). The research that does exist, on both LEED certification and
EWPs, has largely been concentrated in regions outside the US South, such as the Pacific North-
west region. Aside from architects, general audiences also lack experience and familiarity with
EWPs and expresses concern regarding both the safety of these structures in the event of fire and
their environmental impacts (Larasatie et al. 2018; Gosselin et al. 2017). For example, when asked
questions about their perceptions of wood use, general audiences tend to view wood construction
as a contributor to deforestation. From this perspective, like architects, clients may have a varied
attitudes, knowledge, and experience and familiarity with LEED and/or EWPs.

Research Objectives

A dearth of literature exists that examines the views of architects within localized US regions
that have substantial forest resources and timber markets, like those in the southeastern United
States. Arkansas, for example, maintains significant forest resources and timber industry inter-
ests but little is known of architects’ perspectives on LEED and EWPs. In anticipation of emergent
opportunities for sustainable building design initiatives with EWPs, there is a need to focus on
architects within this region to better understand their perspective. Accordingly, this study poses
the following research questions:

RQ1a. What level of familiarity/experience do Arkansas-based architects have with LEED certifi-
cation?

RQ1b. To what extent do Arkansas-based architects perceive their clients to have familiarity/ex-
perience with LEED?
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RQ2. What are Arkansas-based architects’ attitudes towards LEED and LEED sustainability
goals in the context building design?

RQ3. What level of familiarity/experience do Arkansas-based architects have with EWPs?

RQ4a. What are Arkansas-based architects’ attitudes towards the characteristics of EWPs, in
comparison to steel/concrete?

RQ4b. What level of concerns with EWPs do Arkansas-based architects express?

Study Context

Structural wood use in the United States is highest in the western states and lowest in the south
(Kozak and Cohen 1999). In Arkansas, to date, over 200 LEED certified buildings have been erect-
ed, but EWP use is minimal (USGBC 2019c¢). In 2019, the University of Arkansas’ Fayetteville cam-
pus began construction of student dormitories that use prefabricated CLT panels imported from
Europe (Black 2017). Other projects incorporating non-CLT wood products have been assembled
within Arkansas to demonstrate the aesthetic value and cost-effectiveness of wood-framed con-
struction. One example is El Dorado High School, which prominently features glue-laminated tim-
ber as both a structural and externally visible component. However, these few examples demon-
strate the limited accessibility and high cost of projects incorporating CLTs. Yet, the southern US
produces more than 50% of the nation’s construction lumber (Howard and Jones 2013). Over the
last 40 years, forests in the U.S. South have been accumulating biomass at a rate of more than 2
billion cubic feet for year since 1963 (Wear and Greis 2012). This increase in forest biomass is an
opportunity for economic development and alleviate environmental concern of forest overstock-
ing, which can have deleterious effects on forest health.

Data Collection

To collect information from Arkansas-based architects, a questionnaire was developed that fo-
cused on sustainable building design, LEED certification and sustainability goals, and EWPs, in-
cluding CLT. Question design followed previous studies that employed Likert-scales type items
(Sutton 1998; Wastiels and Wouters 2012). Following an initial question formulation stage, a draft
questionnaire was piloted and administered to four registered architects practicing in Arkansas to
assess clarity and wording; results and feedback were incorporated into the final questionnaire.
The final version of the questionnaire was approved by the University of Arkansas at Monticello
Institution Review Board (FNR 1-185).

The study population was architects holding a membership with the Arkansas chapter of the
American Institute of Architects (AIA). To reach this target group, we contacted organizational
leadership to facilitate member participation. The resulting sample frame consisted of all active,
registered AIA members (n = 589). The AIA distributed a questionnaire link via their electronic
mailing list, with each recipient provided access to the questionnaire hosted by Qualtrics. Data
collection occurred between June and August 2018. Following the initial invitation to participate,
a reminder email was distributed to the sample approximately every two-weeks until no new
responses were obtained. After data collection, data were cleaned in accordance with standard
survey practices (Ruel, Wagner, and Gillespie 2015; Vaske 2008).

Measures

To assess what level of familiarity and experience Arkansas-based architects have with LEED
certification, one Likert-scale type question asked, “Are you interested in LEED compliant building
design?” (1 = yes, 2 = no, 3 = somewhat); and four questions asked, “What levels of LEED certi-
fication did you apply for [your building designs receive] before [after] 2014?" (1 = certified, 2 =
silver, 3 =gold, 4 = platinum, 5 = none). To assess the extent to which Arkansas-based architects
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perceive their clients to have familiarity/experience with LEED, two questions asked, “Are your
clients interested in LEED compliant building design” (1 = yes, 2 = no, 3 = somewhat); and “Have
you developed LEED compliant building designs for a client” (1 = yes, 2 = no).

To gauge opinions on the seven sustainability goals derived from LEED v4 Impact Categories, par-
ticipants were asked, “How important a consideration are these sustainability goals to you when de-
signing a building?” (1 = not at all important, 5 = extremely important). The LEED v4 Impact Catego-
ries summarize intended outcomes of any LEED project. These goals include: “reverse contribution
to global climate change”, “enhance individual human health and well-being”, “protect and restore
water resources’, “protect, enhance, and restore biodiversity and ecosystem services”, “promote
sustainable and regenerative material resources cycles”, “build a greener economy”, and “enhance
social equity, environmental justice, and community quality of life” (Owens, Rohloff, and Rosenberg
2013). For the purposes of this questionnaire, the wording of these seven sustainability goals derived

from these Impact Categories were modified to improve clarity and specificity (Table 2).

LEED v4 Impact Category Sustainability Goal

1 | Reverse Contribution to Global Climate Change Mitigating Global climate change

2 | Enhance Individual Human Health and Well-Being | Improving human health and well-being

Protecting, conserving, and restoring water
resources

3 | Protect and Restore Water Resources

Protect, Enhance and Restore Biodiversity and
Ecosystem Services

Promote Sustainable and Regenerative Material
Resource Cycles

Build a Greener Economy

Enhance Social Equity, Environmental Justice,
Community Health and Quality of Life

Protecting and restoring natural ecosystems and
biodiversity

Increasing use of renewable/recyclable materials
to reduce environmental impacts

Building an economy that reduces environmental
risks and ecological scarcities

Creating a strong sense of place that is socially
and environmentally inclusive

Next, to examine Arkansas-based architects’ attitude towards LEED and LEED sustainability goals
(derived from LEED v4 Impact Categories) in the context building design, one semantic differential
scale questions asked, “Overall, how would you rate your experience(s) with the LEED certification
system” (1 = extremely negative, 5 = extremely positive).

To assess levels of familiarity and experience with EWPs, two questions asked, “Prior to this sur-
vey, how familiar were you with these wood products?” (1 = not at all, 5 = a great deal) and “Have
you used these wood products in your building designs?” (1 = yes, 2 = no). Attitude towards EWP
was first assessed by asking participants, “How well do engineered wood products—like laminat-
ed beams and cross-laminated timber—perform in the face of natural forces in comparison to
steel and concrete construction?” (1 = much worse, 5 = much better).

Next, participants were asked their opinion of EWP performance under select natural conditions (fire,
earthquake, flooding, tornado, and seasonal climate cycles) compared to steel/concrete, i.e., “How im-
portant a consideration are these sustainability goals to you when you use engineered wood products
(or considering using them) in your building design?” (1 = not at all important, 5 = extremely important).

Finally, to examine what level of concern Arkansas-based architects express towards EWPs fac-
tors (in terms of safety, durability, client acceptance, cost/price, assembly complication, aesthetic
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value, environmental impacts, availability/sourcing, and prestige), participants were asked, “To
what extent do these considerations limit your use of engineered wood products in your building
designs” (1 = not at all, 5 = a great deal). The last section of the survey instrument asked standard
sociodemographic questions.

Analysis

Standard descriptive statistics were generated for data exploration and initial summary of re-
sponses. Non-response bias was tested by using late responses as a proxy for non-respondents
to test for non-response bias (Ruel, Wagner, and Gillespie 2015). T-tests were used to compare
early- and late-responses for significant differences using a=0.05. The next stage of analysis in-
volved a series of single factor analysis of variance (ANOVA). This allowed for comparisons to be
drawn between categories for multi-faceted questions. With this, it was possible to determine
whether significant differences existed between these categories. Mean scores were compared
with a Tukey's test. A series of paired two-sample t-tests were also used to compare the sample
means for architect and client interest in LEED and paired questions involving the seven LEED
sustainability goals with regards to design only and design with engineered wood products.

In total, 88 responses were received for the questionnaire. However, four answer sets were dis-
carded due to a lack of any response on questions. Out of the remaining 84 responses, 67 were
entirely complete and 17 were partially complete. Using the American Association for Public Opin-
ion Research (AAPOR) outcome rate calculator (AAPOR 2016), we calculated a response rate of
14.3%. The average time on this questionnaire was 7 minutes and 26 seconds. Response rates
of similar surveys of architects (Bysheim and Nyrud 2009; Wear and Greis 2012) were between
11.6 and 21.4 percent. In all 19 questions, no significant differences were found between early and
late responders, inferring a lack of non-response bias. Of the respondents, 76.8% were male and
23.2% female. A majority of 89.7% self-identified as white. Black or African American respondents
made up 2.9% of the sample group, and 7.6% identified their race as “other”. Additionally, 55.7%
of respondents stated they were not a member of the US Green Building Council, while 44.3%
indicated that they were.

When asked to report the highest level of education attained, 75% of respondents indicated a
bachelor’s degree as their answer. A smaller percentage of 23.5% have received a master's de-
gree, and 1.5% have graduate at the PhD level. Additionally, at 71%, a large majority of respon-
dents indicated that their highest educational degree was received at the University of Arkansas.

Results indicated that architects held some interest in LEED certification, with 67.9% affirming an
interest in the program. They were also asked to evaluate the interests of their clients. Architects
perceive that their clients possess less interest in LEED, with 59.5% stating that their clients were
only somewhat interested. A paired two-sample t-test revealed that architects reported signifi-
cantly greater interest in LEED certification for themselves than what they feel their clients hold
(“architects”; x = 1.7, S=0.5... “clients”; x = 1.0, S=0.6... “t-test”; 1(9.9)... “p value”; p<0.05).

Within the sample group, 67.5% of architects affirmed they had previously developed LEED-com-
pliant designs, while 32.5% had not. Amongst those respondents that had designed for LEED, 7.5%
had not received certification prior to 2014, the year in which LEED v4 was introduced. Conversely,
27.5% of respondents have not received LEED certification for any project developed after 2014.

Of those that applied prior to 2014, a combined 38.3% received either the gold or platinum rating
for a submitted design. For versions of LEED preceding v4, only designs at these levels are con-
sidered substantially efficient in terms of energy use and renewability (Scofield 2013). Following
2014 and the introduction of v4, 23.6% of architects who had successfully applied for certification
received the gold and platinum ratings.
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Age Respondents
18-24 1
25-35 13
36-44 24
45-54 15
55-64 8
65+ 8
Highest level of education Respondents
Bachelor's degree 51
Master’s degree 16
PhD 1

In regards to the reported importance of sustainability goals in relation to building design, improv-
ing human health and well-being received the highest mean score, while mitigating global climate
change (‘improving human health and well-being”; X = 4.4, SD = 0.7... “mitigating global climate
change”; X = 3.7, SD = 1.2) received the lowest. Based on 1-way ANOVA results, a significant differ-
ence was present amongst the mean scores. Results of the Tukey's means test indicate that the
sustainability goal surrounding human health significantly differs from mitigating climate change
and building an economy that reduces environmental risks and ecological scarcities (Fig. 1).

Improving human health B [a]

Protecting water resources B [ab]
E Creating a strong sense of place E=— [ab]
% Increasing use of renewable/recyclable. . ! B [ab]
'§ Protecting and restoring natural.. ] E=—i [ab]
Z Building an economy that reduces.. ] = [b]

Mitigating climate change E=—[b]

3 35 4 4,5

Importance Rating
Error bars represent 1 standard error. Categories with different letter subscripts are significantly different (a= 0.05)

When rating the importance of sustainability goals in relation to engineered wood product use,
“increasing use of renewable/recyclable materials to reduce environmental impacts” received
the highest score, while “mitigating global climate change” once again received the lowest score
(“increasing use of renewable/recyclable materials”; X = 3.9, SD = 0.8... “mitigating global climate
change’; X = 3.3, SD = 1.2). ANOVA indicated a difference in the means, and Tukey's means differ-
ence test (0=0.05) determined that the score related to “renewable material use”, “sense of place”,
and “improving human health and wellbeing” differed significantly from ratings assigned to “miti-

gating global climate change” (Fig. 2).
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Increasing use of renewable/recyclable

. — e
materials [a]
Creating a strong sense of place = [a]
=
S Improving human health = [ab]
> . .
= Protecting and restoring natural [ab]
2 ecosystems a
g Adi
EE Bul%dmg an economy that redgc'es [ab]
& environmental risks and scarcities
7]
Protecting water resources = [ab]
Mitigating climate change B 1b]
3 3,5

Importance Rating

Black bars are used to indicate the standard error of each category. Categories with different letter subscripts are significantly
different (o = 0.05)

Next, the mean importance ratings issued to each sustainability goal were compared between gen-
eral building design and building design using engineered wood products. For these t-tests, signif-
icant differences were found to exist between all but one paired set of answers: 1) Mitigating global
climate change (p<0.05), 2) Improving human health and well-being (p<0.05), 3) Protecting, conserv-
ing and restoring water resources (p<0.05), 4) Protecting and restoring natural ecosystems and bio-
diversity (p = 0.00), 5) Increasing use of renewable/recyclable materials to reduce environmental im-
pacts (p = 0.06), 6) Building an economy that reduces environmental risks and ecological scarcities
(p=0.01),7) Creating a strong sense of place that is socially and environmentally inclusive (p = 0.01).
No difference could be detected for the “increasing use of renewable/recyclable materials to reduce
environmental impacts” goal. For every other goal category, mean importance ratings provided by
architects were significantly lower when considering the use of engineered wood products (Table 4).

Mean Importance Rating Standard Error
Sustainability Goal P-Value
Building Design = Wood Use = Building Design = Wood Use
Mitigating Global climate change 371 3.26 0.181 0.169 0.0004
Improving human health and well-being 4.41 3.82 0.055 0.126 <0.000
Protecting, conserving, and restoring
416 3.50 0.085 0.139 <0.000

water resources
Protecting and.res.torm.g natural eco- 4.06 349 0.090 0.120 0.0028
systems and biodiversity
Increa_smg use of renewable/recycl;ble 407 388 0.070 0.078 0.0628
materials to reduce environmental impacts
Building an economy that reduces envi- 3.91 3.60 0.097 0127 | 00156
ronmental risks and ecological scarcities
Creating a strong sense of place that is 410 384 0113 0.151 0.0132

socially and environmentally inclusive

Mean ratings for each sustainability goal are provided under both the building design and wood use categories. P-values
are provided to indicate significant differences between means
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Architects’ familiarity with four specific engineered wood products: plywood panels, glue-lam-
inated timber, cross-laminated timber (CLT), and dowel-laminated timber (DLT) is shown in
Fig. 3. From 77 responses, it was concluded that architects hold a significantly greater familiar-
ity with plywood panels and glue-laminated timber over CLT and DLT. Of all the products, DLT
received the lowest score of familiarity (“plywood panels”, x™ = 4.2, SD = 0.9... “glue-laminated
timber”; x~=4.1,SD=0.9... “CLT" x~=3.3,SD = 1.0... “DLT", x~ =2.4, SD = 1.1... “p value”; p<0.05).

Plywood Panels [ ]
Glue-Laminated Timber [ [a)
Cross-Laminated Timber [ e [b)
Dowel-Laminated Timber = [c]

0 1 2 3 4

Familiarity Rating

Black bars indicate standard error. Categories with different letter subscripts are significantly different (a = 0.05)

Architects have incorporated engineered wood products into their building designs. Out of the
77 respondents, 83.1% affirmed their use of plywood panels, while 89.6% had incorporated
glue-laminated timber into a previous design. Mean usage rates for these two products did
not differ significantly. CLT and DLT were reported to have been used by 20.8% and 7.8% of re-
spondents, respectively. The use of CLT and DLT both differed from all other products and was
found to be considerably lower than plywood panels or glue-laminated timber. DLT received the
lowest use rating (“plywood panels”; x~ = 0.8, SD = 0.4... “glue-laminated timber”, x~ = 0.9, SD =
0.3.. “CLT" x~=0.21,SD=0.4... “DLT"; x~ = 0.08, SD = 0.3) (Fig. 4).

Glue-Laminated
T

Timber

Plywood Panels I [a)
Cross-Laminated
! R b]

Timber

Jdowel-Laminated
Timber W [b]

0 0.2 0.4 0.6 0.8 1
Use Rating

Black bars indicate standard error. Categories with different letter subscripts are significantly different (a = 0.05)

The limiting factors of greatest impact included cost/price, availability/sourcing, durability, and
client acceptance. Cost/price and availability/sourcing were found to differ significantly from en-
vironmental impacts, safety, and prestige (“cost/price”; X = 4.2, SD = 1.0... “availability/sourcing”;
X =3.9,SD = 1.1... “durability”; X = 3.8, SD = 1.0... “client acceptance”; X =3.8, SD = 1.2... “assembly
complication”; X = 3.6, SD = 1.1... “aesthetic value”; X = 3.6, SD = 1.2... “environmental impacts”;
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Xx=32,SD=1.1.."safety’; x =3.2,SD = 1.3... “prestige” =x = 2.0, SD = 1.2... “p value”; p<0.05).The
former categories were ranked as having the greatest ability to limit wood product use, while the
latter factors were of lesser impact. Out of all factors, prestige was reported as having the lowest
degree of impact, and significantly differed from all other categories (Fig. 5).

Seventy respondents supplied an answer to this question of EWP performance compared to steel
and concrete. The mean scores were determined for fire, earthquake, flooding, tornado, and season-
al climate cycles (“fire"; x = 0.2, SD = 1.0... “earthquake”; X = 0.5, SD = 0.8... “flooding”; x = -0.5, SD =
0.9... “tornado” =x =-0.2, SD = 0.9... “seasonal climate cycles”; X =0.1, SD = 1.0... “p value”; p<0.05).

Responses differed significantly from 0 for the performance of engineered wood products when
exposed to earthquakes, fire, tornados, and flooding. No difference was detected for seasonal
climate cycles. Engineered wood product performance under earthquake conditions was rated
the highest, while flood performance received the lowest score. Based on ANQVA, the perfor-
mance ratings for earthquake was significantly different from seasonal climate cycles, tornado,
and flooding (Fig. 6).

Comparing responses regarding concerns and limitations associated with engineered wood actu-
ally and the stated use of those products allows and exploration of the real impact of those con-
cerns. Flooding was the natural force most likely inhibit the wood use due to its low performance
rating amongst architects (Fig. 6), and similarly concluded that cost/price was the limiting factor
most likely to influence use (Fig. 5).

Cost/Price B=— [a]

Availability/Sourcing E=—i [a]
g Durability #=— [ab]
5 Client acceptance E=—i [ab]
.%DAssembly complication E=— [abc]
§ Aesthetic value E=—i [abc]

Environmental impacts E=—i [bc]
Safety == [c]
Prestige = [d]

1 1,5 2 2,5 3 3,5 4 4,5
Limitation Score

Black bars indicate standard error. Categories with different letter subscripts are significantly different (a = 0.05)

Earthquake = [a]
. Fire == [ab]
g
¥ Seasonal climate cycles =i [b]
z Tornado [b] —F5
Flooding [b] =
-1 -0,5 0 0,5 1

Performance Rating

Black bars indicate standard error. Categories with different letter subscripts are significantly different (. = 0.05)
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Familiarity and Experience with LEED Certification?

Respondents were largely both interested in and engaged with the LEED certification program,
with roughly two thirds of respondents indicating prior participation. This suggests that concepts
such as sustainable design and green building certification have already gained a degree of trac-
tion within the state of Arkansas. However, AIA Architects also believe that their clientele were
significantly less interest in LEED certification than the architects themselves. This may represent
a barrier to a more consistent and widespread application of the LEED program, as paying cli-
ents ultimately retain control over major design decisions. Architects, however, can serve as an
essential component to promoting the benefits of green design and thus generate interest from
their clients. Addressing the concerns and priorities held by architects interested in environmental
design, especially in relation to engineered wood products can promote the recognition of EWPs
as environmentally sustainable design elements.

Attitude Towards LEED and Sustainability goals

Out of the seven sustainability goals derived from the LEED v4's Impact Categories, improving human
health and wellbeing was rated as being the most important. To promote LEED within the region, it
will likely be necessary to emphasize the positive effects that green design has on factors such as
the physical and mental health of occupants. To that end, previous research has uncovered a link
between certified green buildings and improved respiratory health, as well as a reduction in self-re-
ported stress and depression amongst occupants of LEED certified buildings (O’'Connor et al. 2004).

In addition to improving human wellbeing, the sustainability goal of protecting water resources
was also amongst those rated highly by respondents. With LEED v4's heightened focus on renew-
able material cycles and wood use, ecosystem benefits deriving from sustainable forest manage-
ment, such as water quality improvement, could be presented to architects as a highlight of green
building certification and sustainably produced CLT.

Respondents appear mindful of the environmental impacts associated with their designs, and
thus it will be important to demonstrate the sustainable practices which contribute to CLT and
other engineered wood products. It is understood that timber sequesters atmospheric carbon,
while regular harvests allow newly regenerated forest stands to continue removing it through
the processes of growth and respiration (Fell 2011) In one case, a cradle to gate life cycle anal-
ysis on glue-laminated timbers produced in the US Southeast showed that every cubic meter of
glue-laminated material had a sequestered a net 1,083 kg of CO, (Bergman and Bowe 2011).

Despite this, architects within Arkansas appear to believe that engineered wood products are less
capable of promoting the sustainability goals of “protecting and restoring natural ecosystems
and biodiversity” and “protecting, conserving, and restoring water resources”. This may indicate
that architects remained concerned about wood construction’s contribution to deforestation and
environmental degradation.

Architects may not be equally receptive to all facets of environmental protection and ecosystem resto-
ration. One sustainability goal which did not rate especially high with Arkansas architects is “mitigating
global climate change”. This issue may not resonate as strongly with architects or their clientele within
the target region, and thus demonstrations of LEED and CLT's carbon reduction potential may not serve
to generate interest. Alternatively, it is possible that architects and their clients may not be aware how
one building or one design can mitigate climate change, or how long-term sequestration of carbon in
wood products as well as forests is a viable strategy for carbon sequestration, especially when carbon
trading programs often do not grant carbon credits for increased use of wood.

Familiarity and Experience with EWPs

Architects tended to be most familiar with well-established and prolific examples of engineered
wood products, which is intuitively sound. Plywood panels and glue-laminated timber are es-

Discussion
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pecially popular design elements incorporated into a broad spectrum of architectural plans. No
significant difference in familiarity was detected between these two products, with both having
received the highest mean familiarity scores amongst the EWPs presented. On the other hand,
CLT was a relatively lesser known material as compared to the aforementioned examples, which
should not register as particularly unexpected given its slow adoption within the US. Unsurpris-
ingly, actual use of newly developed EWPs such as CLT and DLT are significantly lower than that
of plywood panels and glue-laminated timber.

Attitude and Concern Towards EWPs

Out of all potential limiting factor to EWPs within the state, cost, availability, duration and client
acceptance rated the highest in terms of degree of impact. Previous research on the subject in-
dicated that information barriers were amongst the chief limiters to EWP adoption but architects
within this study region largely rate their knowledge of material as moderate to high, and thus cite
other practical challenges as primary barriers (Ahn et al. 2013).

With costs being one of the greatest concerns, it should be noted that the cost competitiveness of
a CLT will often be dependent on the specifications of the building itself and the region in which it
is erected. In scenarios in which CLT is utilized, costs could be reduced when exposed wood is fea-
tured as an interior component (Woodworks 2012). Furthermore, reductions in construction time
commonly associated with CLT structures would further contribute to cost savings (Woodworks
2012). In terms of availability and client acceptance, however, historically low demand within the
region may impede adoption as opportunities to demonstrate the functional and aesthetic prop-
erties of new EWPs are lacking. Future projects cannot be expected to propagate without both the
interest of property owners and the means to deliver

Limitations and Future Research

Of important note for this study is the possibility of bias in the respondent sample pool. As partic-
ipation was entirely voluntary, it is possible that only architects especially interested in LEED or
environmental sustainability elected to respond. Additionally, these results are only applicable to
AIA members within Arkansas and may not be representative of all architects in the state. Despite
these limitations, this study illustrates the impressions that even environmentally conscientious
architects hold about engineered wood and LEED design, and thus study may serve as a valuable
starting point for generating further interest amongst architects for these topics. Regarding the
data collection of this study, there is potential for ambiguity due to the nonspecific language used
in some questions. Asking architects to rate the importance of certain environmental goals may
not be direct enough a question to ascertain what is truly meant by respondents. The issues re-
lated to wood use are complex, and other research as utilized a combination of qualitative and
quantitative methods (0'Connor et al. 2004; Bysheim and Nyrud 2009) to identify, if not avoid,
ambiguity in data.

We found that architects in Arkansas are generally knowledgeable and interested in LEED cer-
tification, but that their clientele are significantly less concerned with LEED standards. While all
sustainability goals are moderately to strongly important to architects in the state, there are signif-
icant differences in this importance. Improving human health and well-being is significantly more
important that building a green economy or mitigating climate change. Hemstréom and others
(2017) obtained similar results from architects in Sweden. Arkansas and Swedish architects share
similar importance on renewable/recyclable materials and construction costs

Arkansas architects expressed a belief that using EWPs are less capable than other materials in
protecting water quality and restoring natural ecosystems. Yilmaz and Bakis (2015) found that inten-
sive use of natural resources created the perception of negative environmental impacts from wood
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use. In the U.S. South, plantation forestry has converted nearly 16.5 million hectares of natural forest
since 1950 (Wastiels and Wouters 2012). Certainly, this could lead to the perception that wood use
is not particularly friendly to the environment and reduce the effort architects put into investigating
wood use (Hemstrom, Mahapatra, and Gustavsson 2017; Mahapatra and Gustavsson 2008).

The use of emergent engineered wood products remains relatively low within the state of Arkansas
although interest and participation in the green building certification program, LEED, appears to be
quite high. Although the perception is that CLT performs comparably to steel and concrete construc-
tion, limited local manufacturing opportunities and increased cost incurrence, and inexperience with
CLT design and construction are likely the most prominent factors limiting further product use. A
potential solution may be to facilitate collaborative development, design, and construction (Gosselin
etal. 2017). That is, sustainable design may have a higher probability of success when the forest and
wood-products industry, developer and construction firms, and architects are incentivized to develop
local collaborations in regions with the necessary private and public natural resources management

infrastructure, like the southeastern US and eastern Arkansas.
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