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Highlights
X The 27 barriers to BEE technologies classified into six categories.
X Survey is conducted with one thousd@rdzilian experts.
X The cluster and factor analysis ratified the theoretical classification.
X The factor analysis ranked the barriers categories by importance.

x Barriers related to government and financial aspects are considered the most important.

Abstract The building sector is responsible for 51% of electricity consumed in Brazialzoad10% of
total greenhouse gas emissions. These numbers continue to grow consistently, despite significant efforts
done by the government to promote the adoptidouilding energy efficiency (BEE) technologies, which

have not been widely adopted due to barriers. A systematic literature review revealed 27 barriers, classified
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into six categories, as the responsible for hindering the adoption of esféigignt tednologies. This

article aimed to verify whether such barriers make sense for the Brazilian reality. In order to accomplish
such a goal, a survey among Brazilian specialized professionals was carried out. The results were analysed
by two multivariate techiues, cluster and factor analysis, validating these barriers as well as the proposed
taxonomy for Brazil. The results also showed that the two most important categories of barriers are the
Governmental/Political/Regulatory and Financial/Economic, showiagthe Brazilian society has high
expectations about the governmexrili be more active in tis matter. In addition, the respondents gave
insights into important points concerning with technology, education, etc. that should be verified in a timely
manner These findings can assist government agencies, researchers, and experts to develop

guidelines/strategies to overcome such barriers

Keywords Energy éficiency - Energyefficient technologies- Building sector - Barrier8razil - Survey

study - Descriptive statisticClustering aalysis -Factor aalysis

1. Introduction

Energy is one of the most important factors for so@abnomic and technological development
worldwide, thatis why the energy demand has been increasing over the last delcéflddowever, he
high-energyconsumption brings withself several concerns like the uncertainty on available resotinees,
increase ofjreenhouse gas emissiomsc. [6-8]. Therefore, sch a picture made of reducing the energy
consumptionwithout affecting the economic growth strategic targedf energy policies worldwide.

For many years, the industrial sector was the target of eeffigigncy policies, since thad beerhe
mainresponsible fothegreatest pamf theenergyconsumptiori9]. However,in recent years, researchers
have become increasingly interested in the building sector [6,10], since there was a significant increase in
the energy consumption of such a sectarcording toDing and ZhoUJ11] the building sectorepresents
36% of the oerall enduse energy consumption worldwidadit is responsibldor 28% of global energy
related CQ emissions.

In Brazil, between the years 202018, the energy consumption of this sector increased from 30.7
million to 37.8 million toe, representing an annual growth of 2%. Nowad#gsprimary energy
consumption accounts for about 1@&¥the total, while the electricity consption is approximately 51%

of all electricity consumed in the countr32f16)].



Consequentlyenergy consumptioreduction hadeena strategic target of thBrazilian government
[17], which has been encouraging the adoption of building energy effic{8fdy) technologies [129].

A number of studieworldwide have reported that new buildings that adopted BEE technologies achieved
an energy saving of up to 50%, while existing buildings approximately 30%. Furthermore, such
technologies providthermal, visugland acoustic comfort for the occupants-2q.

However, despite thbenefits,the BEE technologies have not been widely adopted, so the potential
reduction of energy consumption has not been achieved, creating an-effieiggt gap [2829]. Such a
phenomenon has received a lot of research attention and several studies have shown that it is due to barriers
that act asnhibiting mechanisms that hinder the adoption of the BEE technoldgiesder to overcome
such obstacledirstly, it is necessary tkhow them. Therefore, an enormous amount of research has been
conductedaround the worldio identify and classify such obstacles over the yeard]30The most recent
systematic literature review, carried out ov&O articles[42], identfied 27 barriers classified into six
categories: financial/leconomic, market, cultural/sdséiavioural professional/technical, governmental
and technological.

Therefore, there are several barriers coexisting and producing a cumulative effect. Thus, in order to
understand the interaction between such barasrsvell as thainderlying mechanismkindering the
adoption of the BEE technologi@esmodelis necessaryHowever, the formulation asucha theoretical
modelrequires a suitability check tiiesebarriers tahe reality where this model is supposed to be applied.
Only a limited number of countries likghina [6,30,3643-45], New Zealand46], Italy [26], Audralia
[46,47, Finland B5], Ghana B7,38], Norway 48,49, Russia $0], Cambodia [3], the United Kingdom
[52,53, Germany 48,49 and the United State$4] carried out such a check.

Regardless of the fact that Brazilamong theeight largest consumgof primary energyand among
the ten greatest electricity consumeénsthe world,no study has been published considering such barriers
in light of the Brazilian scenario

Therefore,n order to bridge this gap, this paper aims to verify the relevance of the 27 barriers and the
respective taxonomy reported Byistino et al.[42] to the Brazilian reality as well as the existence of
unpublished obstaclgbesidesanking thegroups of barriersaccording to their importance.

The results of this research mainly contribute to a broadéerstandingf the inner mechanisms of
the barriers to the adoption of BEE technodsgindhe interrelationships between the several knowledge
areasinvolved with BEE,providing insights on the contextuaquirements faced in implementiagch

technologies.



The findings of this researchill assistenergy efficiency expertgjovernmentpolicymakersand
academies idiscoveringeffectivestrategieso encourage the adoptioh BEE technologigsand therefore
reducing the energy efficiency gap.

The remaining of this article is organized as follows: Sectiprogides an overview of the barriers to
the adoption of BEE technologies reported @gstino et al. [42]. Section 3presentsan extensive
description of the methodological approaopted in this studySection4 discusses theesults of he

researchAnd, the article concludes with Sectiéndiscussing the main conclusions of this research.

2. Theoretical Framework

The research presented in this paper is a part of a larger investigation effort aimed to gather information
about the barriers hindering the adoption of BEE technologies, especially in the light of Brazilian reality.
Thus, thdirst step of this investigation was to identify and classify the barriers to BEE technologies through
a comprehensive literature review based on the characteristics of the building sector andaameggy
technologis. This part of the study was publishiey Cristino et al[42] and, as result, 27 barriers hindering
the adoption of BEE technologies were identified in 450 articles published betweerR2 @0
Furthermore, a new taxonomy was proposedhgtino et al[42] and such barriers were classifietb
six groups (Financial/lEconomic, Market, Cultural/Social/Behavioral, Professional/Technical,

Governmental/Political/Regulatpas depicted in Fig. 1.



Bar_04 - Inefficient BEE codes/regulations/standards

Bar_06 - Distorted fiscal policies

Bar_09 - Complex certification procedures
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—' Governmental/Political/Regulatory I

Bar_18 - Policies do not address the financial implications

Bar_23 - Lack of efficient dissemination of codes/regulations

Bar_27 - Lack of knowledge on energy efficiency by legislator and regulator

Bar_01 - High investment

Bar_11 - Long payback periods

Bar_12 - Difficult to access bank financing
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Bar_14 - Investment risks

Bar_20 - Lack of economic incentives
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P Market |‘ Bar_17 - Lack of investors in BEE projects
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—{ Professional/Technical
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Bar_22 - Lack of motivation

Bar_08 - Lack of technology demonstration

Technolosical | ‘ Bar_10 - Inadequate BEE technologies
= | ‘ Bar_21 - Lack of reliable information of the perfi of BEE technologi

Fig. 1 Barriers to the adoption of BEE technologies identified4&}.

2.1 Governmental/Political/Regulatofyarriers

According toZhang and Wang [6], Hirst and Bro83] the government has provided greater support
for energy production than for energy efficienayth both tax policies and support for R&D. In general,
the governments all around the world have been providing large subsidies to -sapmy industries
through federal tax breakshile for energyefficiency industries they have been minimahat ca be

characterized aslack of support from the governmd6,38,55,56]

In general, codes and standaadsdrivers and not obstacles, since tleg capable tomprove the level
of efficiency of several devicd8,29,57] However, the process sétting and revising standards and codes

is slow, puzzling and many timesominated by special interests, resultinginefficient cdes and

regulationsimplemented after a long procegal,37,52,58 Because of that, theypometimes, inhibit
innovation recommenihg obsolete technologiesccording toDjokoto et al[38], the particular interests

explain why there are several different and complex code specificatiabBagment the market and
contribute to manufacturing inefficienciddirst and Browr 33|, Bruce et al. [59]and Hopkins §Q states

that the standards and codes covering materials and equipment are mostly concerned with safety, reliability

andhealth rather than with energy efficiency.



Thedistorted fiscal policieare another barrier the adoption of BEE technologies. AccordingHiost

and Brown[33] it can be exemplified by thpricing policies forfossil fuels. e prices paid by the
consumers for fuels do not take into account the social and eméntal costs associated withels
production, conversion, transportation and [8861]. As highlightedby Hirst and Brown 33] the costs
of acid rain and global warming are not incorporated in the prices of fossil fuels and electricity which will
certainly mise their prics, reflecting their full costs, making investing in BEE technologies more attractive.
According toAlanne and Saaf62] for electricity, the situation is further complicated because of the way
the electricity price is set. Usually, prices reflect the averageo€psbducing electricity, even if the costs
to build and operate future power plants are larger than the current average. Based on that, consumers will
invest less in BEE technologies than would be optimal because of the environmental costs of electricity
production that are not included in the final electric energy pfEE$3.

One of the gguments irfavourof the adoption of BEEechnologies is that sutbchnologies increase
the market value of real estd&¥]. A way to highlight this potential advantageismeans of the energy

efficiency label. However, as reportegAlam et al.[64] and Li et al. §5], thecertification procedures are

too complex and inefficientCurrently, the guidelines describing theogedures are fuzzydifficult to

understand and u$Bl]. It is important to make labelling procedures as transparent as possible, providing
simple procedures, good examples, documented reports and ed{fedtion

Obviously, thefinancial implications of energy efficiencgarethe most important reason for owners,

investors and building constructors to consider the BEE technologies in their purchasing dé6]sion
However, according t&€hmutina et al[67] it is difficult to find such impications documented by available
policies and codes. Asstablishedby Adeyeye et al[58], the energy policy ought to create better
investment conditions, fiichto some extent means that such policies should help consumers to undertake
these investments more easiBuch a goal is accomplished fmpviding theconsumersvith reliable data
on building energy use as well as the financial implications in termsb$aweings and asset val(i8,67.

The impactof energyefficiency policy and legislation on the environmesd well as the stakeholder
engagement is well known for a reduced number of pebfary citizens renained unaware of the benefits

afforded them by the legislation dueadack of efficient dissemination of codes/regulatiomberefore,

Yegulations and standards ought to be developed with a clearer definition of the importance of energy
efficiency actons in buildings [52].

The lack of knowledge on energy efficiency by requlator and legistatems to be a key poiwhen

discusing energy efficiencyegislation and rulei the building sectolt is fair to say thatte policymakers
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haveto improvetheir knowledgen this field [68]. Otherwise, theivague ideabout thehemecan lead

them to misinterpretations of the main issues, resultimgistakesn the policies formulately them[67].

2.2 Financial/Economidarriers

Accordingto Hirst and Brown33], Zhang et al. 36], Goodier and Chmutiebp], Du et al. 7] BEE
technologiesequireshigh investmentsdJsually BEE technologies are more expensiaa their inefficient
counterparts args,29,38,44,45,50,69Additional money to paghe incremental capital costs of efficiency

improvements can be a problem, sincefthancial limitations of ownersare the major obstacle for lew

income household$8,61].

Interesting to note that, in general, consumers adopt high discount rateking tradeoff between
higher initial investments and reduced operating ¢a€t39,4670]. These high discount rates leaddng
payback periodsind gives rise to a phenomenon called payback gap, which means the difference
between investment criteria for BEE technologies versus efpeogluction investment85,4471]. Such
a difference in implicit discount rategelds larger investments in producing energy thanBBE
technologie$51,59,72,78

To decisiommakers,investing in BEE Technologies is riskJhey are uncertain about the letegm

savings in operating costs as well as whether the new devices will last as long as predicted. Besides, some
entrepreneurare unsurdéow thenew technologiesvill affect their operationg38,67].

According toPersson and Gronkvif], Gupta et al.21], and Durdyed et al5[l] financial incentives
are vital for energy conservation in theilding sector. Howevenmnany building contractors and owners

claim thatthere is dack of economic incentivefor thosewho really shell out forinvestments in BEE

technologiesAlthough there is the expectation that such investments can raise the sale valueeaf the
state a large part of the financial benefits resulting from the adoption of BEE technologies will be enjoyed
only by the building occupants, by means of lowdisljb5,6974]. Therefore, the investordaim some
kind of subsidg/, without which, theyquestion the vialtity of suchinvestmentg5,29,37,75.

It is well known that the BEE technologies are more expensive than their inefficient counterpart. There

are siuations that the adoption of such technologiéscredibly expensive, requiring financingotiever,

according toGupta et al[21], Zhang and Zhou2], it is difficult to access bank financirgjnce, most of
the time, the financial savings resulting from the adoptioanefgyefficient technologies have not been
FOHDUO\ HYWDEOLVKHG EHFDXVH WKHU.Hn kh@sestheDerdeisWrgaR ULFDO WL

energy savings projectis scepticallyand refuse to include funds for enemgf§icient technologies when



FDOFXODWLQJ ORDQ VL]H IRU FRQVXtoXirgtdPQheRetall28, Békkiaénv KLQJ D E X|
and Belloni [r1], the lenders approach such cases focusing pstre@tion costs without consideritige

potential cost savings as well as environmental benefits after adopting the BEE technatogiated by
JafarzadelandUtne[15], Addy et al. B7], the long payback period @éother point that difficulty obtaining

financing for projects involving energgfficiency, since, in general, the lenders expect the investment

return within a few years.

2.3Marketbarriers

According toZhou et al[63@ PRVW LQYHVWRUWetG(RHQBRWSHDURIUPBREW RI D EXL
Furthermoremost of the owners show some resistance in adopting BEE technologies for several reasons
like high investments, financing difficulties, uncertainty results[e5%. These reasons lead tdagk of
market demanébr BEE technologief38,749.

As highlightedo Chian et al[77] the marketiemand is a significant factor in determining the level of
adoption and developmeaot the BEE technologiesince itdirectly affects the costs and supplysoich
technologiesWhen occurs a lack of market demand the inve§tprastions the feasibility of their business
and this refrain the adoption of BEéchnologies37]. Du et al.[57] claims that the lack of markdemand
for efficient technologies isainly explained by the lack of awareness of the benefits brought by such
technologies.

As reported byAddy et al.[37] the energy efficiency market offers a profitable futiioen a longterm

perspective. Howevethere is a gener#ck of investors in BEE technologig@8 XH WR 3SWKH ORQJ LQQRY

and develoment cycles in this domain, whieghe LQFRPSDWLEOH ZLWK WKH VWUXFWXUH RI
[74]. The investors prioritis the financial returns rather than social and environmental benefits.
The energy efficiency market offers a profitable future, dvem a longterm perspective, since there
aresufficient possibility and potential for the building sector for investnretttis field. However, there is
still a lack of investors willing to pay for energjfficient buildings[74].

As stated byShukla et al[ 78] theknowledge othe market potential for energy conservation is limjted

which means that no one knows the exact potential of reduction of GHG emissions and energy consumption
whether the BEE technologies were adopted. In general, such figuresdemrestima® as well as the
costs due tehe adoption of energefficient technologes thatare, in general, overestimat&ccording to
Goodier and Chmutig52], if the real potential market were known, it would workaadriver for the

adoption of BEE technologies.



According toDadzie et al[69] marketing strategies are concerned witloviding consumers and
investors with information on thenergysavingpotentid of specific technologies. Thus, as stated3igdt
and Hoicka[39] and Dadzie et al.6P], marketing strategies and the adoption of such technologies are

correlated. Therefore, thack of good marketing strategiksads topoor adoption of BEE technologies.

2.4 Professional/Technicdarriers
From the point of view oHirst and Browr{33], Travezan et al.79], and Wilson et al.§0] there is a

lack of technical competenda this field of knowledge, since there are fénsined professionali

engineering, operationand maintenance tevelop and deploy new energy technologies. Energy issues
are notpriority components of thengineeringcurricula. In addition, companies thateal with BEE
technologiesprovide limited training to keep their employeggormed of the recenttechnological
breakthrough$38,44,53,81,8R

According toHolloway and Parrish9], Kangas et al.35], Hakkinen and Belloniq{1], Ding et al. B3

energyefficient buildings can be hindered byagk of common involvement or intetesf professionals

about energy efficiencyDjokoto et al.[38@ FODLPV WKDW 3ZKLOH GHVLIJQHUV GHPRQV\

ability to access and use knowledge in general, this confidence falls when energy efficiency building issues
DUH DG GUHV \nstdlling BEE tdatindlogies requires new compeatsnand knowledgdt seems,

until now, that those involved with energfficient buildings do not have the necessary experience
commitmento meet such a challeng#illiams and Dailf53] established thatush professionalsot only

ought to be fully acquainted with the enefficiency principlesbutto ¥orm a teamcomprising the
developer/owner, project manager, contractor, architect, services engineer, s$trewtimaer, civil
engineer, environmental engineer, landscape consultant, cost plamtdiuilding surveyowhat seems

not to be the case

Zhou et al.[63] points out theincredulity on the part of the professionals involved with building

constructionas a significant barrier to the adoption of the BlE&hnologies. Suchnincredulity comes
from the limited information on energgaving technologies as well as the lack of experiafcthe
professionals involved with such topic [60]. This lack of inbrmation leads esignersand other
professionalsot to believein the technical and economic benefits resulting from the adoption of such

technologies while reducing the environmental impa¢i63].



2.5 Cultural/Social/Behaviourabarriers

Because of the invisible and automatic nature of the use of energy, the final consumer understands only
a little about the amount of information concerned with energy efficigh@)88,76. Aggravating this
situation is the fact that utility bills do nollawv the consumerso identify the energy consumption of

different pieces of equipmef4,62,79,81,8R This lack of informatioron energy use, energaving,and

BEE technologies available difficult decisions on enefficiency improvements33,41,58,8l.

As established b$tevenson and Baborskéarozny[76] endusers are not motivated itovest inBEE
technologies because thegve OLPLWHG LQIRUPDWLRQ DQG NQRZOHGJH DERXW EX
and itseffects onthe environmentin addition, the uncertainties concerned with energy prices contribute to

improving this lack of motivation[55,82] Even potential users that are agvaf the BEE technologies and

their benefits do not feel motivated to adopt them, beaafusmme of their requirements, like maintenance,
cleaning and training 74].
As reported byZhang et al[36], Chan et al. 7], Caputo and PasettB]] the owners, building

constructors, occupantand investors are naturalkgsistant to change from traditional refficient

technologies to energgfficient onesbecause their negative perception concerned with energy efficiency.

According toGoodier and Chmuti§52], Hopkins B0], Alam et al. p4], Ruiz [82] such behaviar is
explained by the numerous unsuccessful programs; the not clear demonstrations of the benefits from the
adoption of the BEEechnologies awell as many othefactors associated with other barriers.

There is dack of confidence in BEEechnologieswhichcomes from disbeliethat such technologies

camot accomplishthe benefits advertisedt the costs informedThe enedusers do not trusin the
information provided by the manufacturers and governif838ji4]. Besides, in general, those who would
pay and use them are deeply rooted in the traditional technologéasise there is a strong belief that

energyefficienttechnologies are too complex to use and difficult to olj&irh

2.6 Technologicabarriers

As claimed byHirst and Brown[33], Tuominen et al.41] there isalack of reliable information on the

performance of BEE technologie$his is critical to those who decide on the deployment and market

penetration of new technologies. AccordingPersson and Gronkvi§8], Ruiz [87), Ding et al. B3]
information regarding the economic and technical viability of the B&fnologies under realorld

conditions is scarce becaubere isalack of governmensupported demonstrations of BEE technologies

[73.
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As stated byHirst and Brown33], Amoruso et al.49], Williams and Dair 3] architects, engineers

decide theenergyefficiency of buildings and theiequipment without directio from the owners and

occupants, resulting many times in the adoptiomadfequate BEE technologiésccording toAddy et al.

[37], Castleberry et al.54] the choice othetechnologieto be adopted emphassthe first cost rather

than the lifecycle cost, even though the focus on-lfecle cost would increase the energy conservation.

This is an obstacldo the adoptionof BEE technologiessince theyhave higher first cds but lower life

cycle costs than conventional technolodk,29.

3. Methodological approach

Fig. 2 presents th&ollowed to carry out this research.

to the data analysis.

These steps rngethetheoreticaframework

RESEARCH STEP

Theoretical framework

Collecting the barriers classified
according to a comprehensive taxonomy

v
Describing the meaning of each barrier

|

Defining the method for data collecting

N

!

Designing of the questionnaire

Pre-testing the questionnaire

Data collection

Selecting the type of respondents

Defining the sample

I

Submitting the questionnaire

Analyzing the consistency of data collected

Analyzing the profile of whole sampling

Analysing the distribution of the answers to each question

Investigating the correlatation between barriers

Categorizing the barriers into groups

Classifying the barriers by importance
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Bibliographic research
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Descriptive statistic
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Fig. 2 Research methodological flow.
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3.1 Theoretical Framework

As mentioned previously, this research is a part of a larger investigation effort. Thus, the 27 barriers
identified by means of a comprehensive literature review and categorized into 6 graCiistibg et al.
[42] were summarized in the theoretical framework, since the aim of this study is to know the
relevance/importance of such barriers and the respective taxonomy prop&desting et al[42] for the

Brazilian scenario.

3.2 Questionnaire Design

The structured questionnairgas used to collect the perception of Brazilian experts about the
importarcerelevance of the barriers gatherednirehe literature for the Brazilian scenariSuch an
approach allowed for a broad explaooat of the subject and offered the possibility to perform statistical
analysis of the data collected.

The questionnairavas designedin Google Forms, a free online tool to create surveyslwas

segmented into three parts. Firstly, theme was contextualized by tfalowing introductory text:

S(OHFWULFLW\ FRQVXPSWLRQ KDV EHHQ VWHDGLO\ LQFUHDVLQJ RY
the scarcity of primary energy resources, leading to the search for alternative sources ofdaeyays,
public, commercial, and residential buildingsearesponsible for 36% of total energy consumption and
40% of total greenhouse gas emissiobherefore, it is necessary to reduce the consumption of electricity.
However,suca UHGXFWLRQ PXVW EH PDGH ZLWKRXW GHFUKH&wta®J WKH EXL(
be achievedby the adoption of building energgfficiercy (BEE) technologies. Although there are
consolidated technology options in the market, their adoption is still timid. Recent research listed the

IROORZLQJ LWHPV DV WKH PDLQ EDUULHUV WR WKH DGRSWLRQ RI % ((

Next, the kernel oftte questionna¢ presented th@7 barriers found byCristino et al.[42], to the
respondentsin this part, the respondents were invited to indicate, accotdinlgeir perception, the
importance of each of the 27 barriers to the Braziteality. Fig.3 presentghis part of thestructured

guestionnaire.
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Fig. 3 The kernel of the questionnaire.
The structured questionnaire was presented to the respondents in the Portuguese language versio
faithfully maintainedhe meaning intended Ifristino et al{42].
The choice of the response scale is generally theimpsitant decision to ensure the reliability of the
datacollected with the application of a questionn8-88]. This choice depends on some criteaisfor
example, the facilityfor the respondentto adjust the subjectivity of their answers to questionsthad

adequacy of thdata analysis techniques to be emploj&4gj.
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The use of larger scalebesides being more understood and interpretedjdesthe respondents with
significantly moreflexibility to express their opinion than a smaller saaie[90,91]. In addition, longer
scales show increased variability in responses what makes thensumtabde for data analysis techniques
based on advanced statistji89,91].

As can be seen in Fig. 8n 1%point response scale was chasBnus, the respondents could indicate
how important or relevant, abarrier was, ranging from 0 (not important) ta0 (very important).
Furthermore, if respondents felt that there was still a particular barrier that was not listed, they could include
them in the blank below the scale.

The final part of the questionnajres can be seen in Fig. 4, aimed to know the resporsleritsas their
academic formation, the type of company they are employed in, and also their experiences and knowledge

in the BEE area

Fig. 4 Questions to characterize the respondents.
A pilot study was conducted prior poetest the comprehensibility and suitability of the questionnaire.
The pilot study involve®0 respondentsfter each interviewif necessarythe questions were modified

until they reach their final writing as presedin Fig. 3

3.3 Data collection

Survey participants were saradlamongprofessionals subscribed to the LinkedIn social network. The
selected participants were those with some professional experience or academic education related to BEE

in the areas ddirchitecture, civil engineering, electric/electronic engineering, mechanic engineering, etc.
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A link to the online survey available on Ggle Forms was sent out gosample oB,506 participants
from November 2019 to December 2019 by means of the LinkedIn message tool. The invite informed them
of the purpose of the research, the positive impact of their participation could have on dénchres®l the
confidentiality of their responses.

Theonlinesurvey was selddministrated and available on Google Forms from December 2019 to May
2020.During this period atotal of 1,236 responses were collected from the online survey available on

Google Forms.

3.4 Data Analysis
Before proceeding with the data analysis, all the questionnaires were checked for incoasistahc
only the good ones were considered for further analysis. The questionnaires that presented the same score
for all the answers were considered inconsistent and, therefore, disGarded,000 questionnaires were
properly respondetb, correspondig to a response rate higher than 25%icthyraccording tcAdetia et al.
[92] andFervaha and Remingtd83], is typical for online surveys.
Subsequently, the responses were analysed and the most and less important barriers to the Brazilian
reality, according to the respondents' perceptions, were identified.
7KH 3HDUVRQYV FRHIILFLHQW FRUUHODWLRQ PDWUL[ ZDV FRPSXYV
UHODWLRQVKLS EHWZHHQ WKH EDUULHUYV 7KH FRUUHKH®DWLRQ PDW!I
which stated that the correlations were statistically significa4Of].
7KH UHVXOW RI %DUWOHWWV WHVW LQGLFDWHG WKDW WKH EDUL
underlying factors indicating that multivariate statistical techniquks, diustering and factor analysis,
could be applied to build an underlying factor model.
Therefore, the barriers were submitted to a hierarchical clustering algorithm using the correlation matrix
as a matrix of similarity. The result was presented undefdim of a clustering tree whose numbers of
groups and the barriers within each group were presented.
Afterward, factor analysis was carried out, to confirm the results of the clustering analysis, and classify
the groups of barriers according to the impoce ascribed by the Brazilian experts. Finally, the internal
FRQVLVWHQF\ RI WKH JURXSV ZDV DVVHVVHG E\ &URQEDFKTV $0OSKD
No need to say that the profile of the respondeatsriehly addressed by means of several descriptive

statistics.
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4, Results

4.1 Data collecing analysis
Tablel presents the information about ttiata collecting ¥ means of a structured questionnaire sent
to the Brazilian eperts

Table 1 - Theresults of data collection

Structured Questionnaires Total
SentQuestionnaires 3,506
AnsweredQuestionnaires 1,236
Discarded questionnaires 236
Validated questionnaires 1,000
Response rat@b) 28.5

The questionnaire link was sent to 3,506 professianascribedo thelLinkedlIn social network, by
means of the message tool. A total of 1,236 responses were collected from the online survey available on
Google FormsHowever, 236 questionnaires presented the same score for the answers were considered
inconsistent, and, thudiscarded.

Thus, from this total, 1,000 questionnaires were considered valid. This number leading to a net response

rate of 286%.

4.2 Analysis of WKH UHV PRIEEGHQW VT

The sample of the respondents was selected from a population of professionlaksd with BEE in
the areas of architecture, civil engineering, electric/electronic engineering, and mechanical engineering
subscribed to the LinkedIn social network.

The education profile of the respondents is presented ifb.Higpre than 75% of theespondents have

a degree in Electrical/Electronic or Civil Engineering, or Architecture.

Fig. 5 Academic education of the survey respondents.
About 63.5% of respondents work in companies that deal, directly or indirectly, with BEE, as illustrated

in Fig. 6.

16



Fig. 6 Occupation profile of the survey respondents.
According to Fig7, the respondents are updated with the subject, since 71.6% of the respondents were

involved in knowledge acquisition activities within the last six months.

Fig. 7 Distribution of the survey respondents according to the last time they were involved information
acquirement on BEE.

Conferences are the main source of acquiring knowledge in BEE, followed by formal academic

education and training programs as can be seEiy. 8.

Fig. 8 Knowledge source used by the respondents.
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4.3 Distribution of the responses for each barrier

Fig. 9shows the distributions of the responses for each barrier.

Fig. 9 Distribution of the responses for each barrier.
Thefollowing points are remarkable:

x Some of the barriers similatistributions likeBar_4, Bar_6, Bar_7, Bar_9, Bar_12, Bar_20,
Bar_22, Bar_23, Bar_25, and Bar_27);

X The vast majority of the barriers were considered relevant according to the experts, strafe mos
the distributions (14 out of the 27 barriers) showed that 75% of the grades assigned by the
respondents are higher than six;

X The barriers whose distributions showed more than 50% sttresassigned lower than six were
consideredewer importance hrriers: Bar_5, Bar_10, Bar_14, Bar_15, and Bar_26. It is worth
noticing the large variability in the assessment of such barmidrich demonstratethe high
degree of uncertainty involving such barriers.

X Three barriers presadtthe lowest interquartileange (Bar_2, Bar_13, and Bar_16) higher than

six. It mears that there were few doubts about the relevance of such barriers.

Before proceeding with the analysis it is interesting to investigate the correlation between the barriers.
If the barriers are not correlated, the analysis cannot go beyond the descriptive statistics presented;
otherwise, a wide range of possibilities {=a.

AppendixA.1 presents the correlation matrix of the barriers followedpgendixA.2 that presents

%DUWOHWWIV.WHVW RI VSKHULFLW\
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4.4 Variable clustering analysis
Since the importance assigned to each barrier by the respondents are significaelkiyedo(see
Appendix A.2, the correlation matrix can be used as a similarity measure and submitted to a hierarchical

clusteringalgorithm which resulted in the demdgramshown in Fig 10,

Fig. 10 Clustering tree.
From Fig. 10 is easy to grodpe 27 barriers into the six groups shown in Fig. 11. The barriers within

each group are equally important according to the perception of the specialists.

Fig. 11 Groups formed in clustering analysis.
The first finding resulting from thianalysis was that the clustemeseen in Fig. 11 match the same

groups proposed b@ristino[42], as shown in Tabl2.
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Table 2 - Categorization of the barriers according to their importance.

Cluster Variable . .
number Cluster Name code Name ofbarriers represented by the variable
Bar 11  Long payback periods
Bar_ 01  High investment
| Financial/ Bar_12  Difficult to accesdankfinancing
economic barriers Bar 24 Financial limitations of the owners
Bar_14 Investment risks
Bar_20  Lack of economic incentives
Bar_04 Ineffective BEE codes/regulations/standards
Bar_ 16  Lack ofsupport from thgovernment
Bar_23  Lack of efficient dissemination of codes/regulatio
Government/ i . o
Il political/ Bar_06  Distortedfiscal policies
regulatory barriers Lack of knowledge on energy efficiency by
Bar_27 ;
- legislator and regulator
Bar_09  Complex certification procedures
Bar_18  Policies do not address the financial implications
Bar_02 Lack of confidence
Cultural/social/l Bar_19  Fear/Resistance to change
1l behavioral Bar 13 Lack of information/educationabout the BEE
barriers ar_ techrologies
Bar_22 Lack of motivation
Bar_03  Lack of a marketlemandor BEE technologies
) Bar_17  Lack ofinvestors in BEE projects
A Market barriers . .
Bar_07  Limited knowledge of market potential
Bar 25  Lack of good marketing strategies
. Bar 05 Lack of professional involvement
\% Professmna_l/ Bar_15  Lack oftechnical competence
technical barriers
Bar_26  Incredulity on the part of théesigners
Bar 08  Lack of technology demonstration
VI Technological Bar 21 Lack of reliable informationof the performance o

barriers

BEE technologies
Bar_10 Inadequate BEE technologies

In order to bettedescribe the nature of the members of each cluster, Fig. 12 presents the respective

distributions

20



Fig. 12 Distribution of the barriers for each cluster formed in clustering analysis.

The karriers concerned with Financial and Economic affairs form Cluster I. It is possible to infer from
WKH GLVWULEXWLRQV WKDW WKH PRVW LPSRUWDQW EDUULHUYVY LQ W
%(( SURMHFWY" DQG %DUB Q¥VOIDFHNWRI MEQRRPLFRLQ¥WKIH JUDGHYV DVVI
the experts is higher than sixQ WKH RSSRVLWH ZD\ LV %DUB SKLJK LQYHVWPHQW

Cluster Il gathesthe barriers related to the category namesé&nmental/Political/Regulatorit. can
be considered that the respondeagsignedo this group great importansgoringnearly equally all the
EDUULHUVY QRWLFH WKDW WKH ILYH RXW RI WKH VHYHQ EDUULHUYV KD
RI JRYHUQPHQW VRSERUWKH VRNAW LWSRUWDQW %DUB SSROLFLHV C
LPSOLFDWLR Q&5s inportanGhad kné/ather©

Cluster Ill groups the barriers concerned with Cultural, Social, and Behavioral aspects. The respondents
assignedyreat importance to this group since nearly 75% of them assigned a score greater than six to the
LPSRUWDQFH RI VXFK ED khtblvliddde/abéatthé BEE teé@® RBLR N ” VHHPVY WR EH \

most important within this group since 75% of the respondents assigned seven to their relevance
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Cluster IVgetstogether the barriers associated with Market issues. The most important barriers within
WKLY JURXS DUH %DUB SOLPLWHG NQRZOHGJH RI PDUNHW SRWHQW
VWUDWHJILHV’

Cluster V gathes the three barriers related to Rrssional and Technical aspec&ich group was
considered the less important accordinght® perception of the experts based on the same criterion used
above.

Three barriers concerned with Technology fa@tuster VI. According to the respondents, Bér

SLQDGHTXDWH %(( WHFKQRORJLHY IRU WKH % UDHhiddooQp #E@HQDULR”™ L

one of the less imptant considering all barriers.

Although the results from the clustering analysis ratified the taxonomy propcSedtian 2it was not
possible to sort these groups by importaht@vever,as stated ippendixA.1, the correlatiormatrix of

the barriers isuitable to factor analysis.

4.5 Factor analysis

The essential motivation d&ctoranalysis is to describe the correlation relationships among several
variables in terms of a few underlying, but obkervable, quantities called factors, underlying variables,
or construct§97]. An underlying factor model is based on the possibility that the variables can be grouped
by their correlations, i.e., all variables within a particular group are higirhelated among themselves,
but weakly correlated with the variables in other grd93$. Therefore, it is plausible that each group of
variables represents a single underlying factor (or construct), that is responsible for the observed
correlationq97].

Recall that this research has identified 27 barriers, in the literature, that hinder the adoption of the BEE
technologies and has proposed a taxonomy in which such barriers were grouped into six categories. Such a
structure suggests a model in whichteaategory represents a construct and the barriers within each group
are possibly highly correlated, and weakly correlated with the others.

Thus, the factor analysis, in the scope of this research, aims to verify whether the underlying factor
model, obtaied from the perception of the Brazilian experts, confirms the previous clustering analysis,
ultimately whether it is consistent with the proposed taxonomy. Additionally, the factor analysisedassif
such groups by the importance assigned to them byxfiests.

The starting point of thiactoranalysis is the correlation matrix of the variables. Althquigh % DUW OHW W TV

test for sphericity assured that the correlation matrix is suitabiactor analysis, it is usudy double
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checled such adequacy by means of the computation of the KiliegerOlkin measure of sampling
adequacy, which value, in this case, is 0.851, which is very good accordlamtand Raj96], Phogat
and Gupta [8]. SeeAppendixA.2.

Since the factors (or comatts) extracted from the correlation matrix are a linear combination of the
variables, there are as many factors as variables. Each factor is capable to explain a portion of the variance
of the raw data, in such a way that all of them together are cajgabllain almost 100% of the data
variability.

Using all the factors to represent the data is not a great deal. Instead, the underlying factor model intends
to use a minimal number of factors to summaeltesariables into latent factors. The number of factors
must be such, that they are capable to explain a significant amount of the variability in the data.

There are several criteria to determine the minimal number of factors (or the most important) to be
extracted from the correlation matfi@7]. The most important factors are those with a high vaeiagrce
the eigenvalues of the correlation matrix equal the variance of each factor, a common criterion is to include
the factors with an eigenvalue abdvio5].

A common way to assess factor eigenvalueyimban of the scree plot (Fig.)18vhich displays the

number of factors against its corresponding eigenvalue.

Fig. 13 Scree Plot.
According toFig. 13, the six first eigenvalues are gredten 1, thus the minimal number of Factors to
be extracted from the correlation matrix should be six as[@&]l It is interesting to notice that six also is
the number of categories into which the barriers were formerly grouped during the clusteliaig amna

is the number of categories of the proposed taxonomy as well.
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The nexistep is to determine which of the six factors have the greatest influence on each variable. This
can be reached by examining the correlation between observed variableseahddatimon factors
(constructs). Such a correlation can be directly observed through a parameter known as fact¢@¥ading
The examination of the loading pattern determines the factor that has the greatest influence on each variable.
Obviously, the loadings range frofh to 1. Thus, loadings close to +1 indicate that the factor strongly
influences the variable. Loadings cldsezero indicate that the factor has a weak influence on the variable.

It is worthmentioning that the statistical significance of the loading is related to the size of the sample,
thus according tdain and Raj96] for a sample size larger than 350,ttadoadings higher than 0.3 are
considered significant.

Table3 presents the loadings for the six factors extracted from the correlation matrix.

Table 3 +Loading for the six factors extracted from the correlation matrix
Variable | Factorl | Factor2 | Factor3 | Factor4 | Factor5 | Factor6 | Communality

Bar_16 0.789 0.104 -0.128 0.033 0.025 -0.077 0.657
Bar_4 0.695 0.145 -0.074 -0.061 0.099 0.033 0.525
Bar_6 0.684 0.136 0.026 0.101 -0.028 0.042 0.500
Bar_23 0.680 0.014 -0.206 0.125 0.009 -0.190 0.557
Bar_18 0.520 0.230 0.187 -0.010 0.213 -0.243 0.463
Bar_27 0.484 0.050 -0.251 0.151 0.234 0.008 0.378
Bar_9 0.400 0.161 0.015 0.079 0.119 -0.398 0.365
Bar_11 0.071 0.742 -0.063 0.143 -0.039 -0.137 0.600
Bar_1 0.072 0.696 -0.050 -0.040 -0.020 0.026 0.495
Bar_24 0.175 0.653 -0.209 0.087 0.056 0.025 0.513
Bar_12 0.293 0.626 -0.168 -0.017 0.064 -0.048 0.513
Bar_14  -0.022 0.583 0.310 -0.015 0.310 -0.101 0.543
Bar_20 0.478 0.541 -0.177 0.130 -0.023 -0.120 0.584
Bar_7 -0.004 0.065 -0.690 -0.058 0.294 -0.161 0.596
Bar_25 0.184 0.065 -0.612 0.208 0.163 -0.066 0.487
Bar_3 0.133 0.265 -0.566 0.330 0.002 -0.075 0.523
Bar_17 0.160 0.232 -0.531 0.321 0.087 -0.153 0.496
Bar_5 0.061 0.108 0.003 0.803 0.087 -0.135 0.687
Bar_26 0.033 -0.021 -0.208 0.740 0.224 -0.030 0.643
Bar_15 0.154 0.027 -0.239 0.720 -0.032 -0.188 0.636
Bar_19 0.076 0.028 -0.009 0.181 0.714 -0.019 0.550
Bar_2 0.145 0.109 -0.009 0.009 0.683 -0.053 0.502
Bar_22 0.049 0.031 -0.252 0.129 0.665 -0.050 0.528
Bar_13 0.025 -0.060 -0.386 -0.077 0.646 -0.073 0.581
Bar_21 0.142 0.009 -0.386 0.174 0.081 -0.717 0.720
Bar_10 0.010 0.133 0.115 0.402 -0.052 -0.694 0.677
Bar_8 0.084 0.016 -0.422 -0.025 0.159 -0.667 0.656
Variance  3.220 2.798 2.476 2.324 2.281 1.875 14.974
%Var 0.119 0.104 0.092 0.086 0.084 0.069 0.555
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Table3 showed the variables sorted based on their factor loadings. Thus, those variables more correlated
with Factor 1 come first, followed by the ones more correlated with the second factor, and so on.

The last column of Tabl& presents the communality fordmavariable, which is the proportion of
variability that is explained by the factors. The closer the communality is to 1, the better the variable is
explained by the facto®5,99. Thus,for instanceBar_21 is the variable whose variability is thest
explained by this set of factors udBar_9 is just the opposite.

At the bottom of Table, it can be seen the percentage of the variance in the data explained by each
factor. Recall that the higher is the %Var, the more important is the factor.Hauisr 1, explains by itself
almost 12% of the total variability, and all the factors together explain moré%kanf thetotal variability.

Fig. 14 presents the kderlying Factor Analysis model, showindnich barriers are affected by which
factors aswell as the loadings. The picture also allows the retaigtentify the most important factors.

The bidirectional edges connecting the factors represent the weak correlation between them, as expected.

It is worth mentioning that correlations below 0.1rgvaeot represented.

Fig. 14 Categorization of the barriers according their importance.
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Before relying on the resulfsom Factor Analysist is important to verify the internal consistency of
each groupf barriersby means of the CmE D BEKIfha. TKH &URQEDFKTV $OSKD PHDVXUHV K
set of barriers are correlated one to another within the same group, how well gezh B the category.
Table4 VKRZV WKH &URQEDFKTV $OSKD IRU HDFK )bédin¢eRa. DQG WKHLU UH

Table 4 - Internal consistency) DFWRU &URQEDFKTY DOSKD FRHIILFLHQW

Factors | ltems ARG s Q =D t U"E‘» R UaaU \ P-value
Respondents| . coefficient (95% CI) t g O Ua&a U |
1 7 1000 ” ” >0.700 <0.001
6 1000 ” g >0.700 <0.001
3 4 1000 " " >0.700 0.032
4 3 1000 ” g >0.700 <0.001
5 4 1000 ” ” < 0.700
6 3 1000 ” g <0.700

According toJain and Ra[96], it is desirable that the Alpha coefficient is greater than 0.7. Then,
$OSKDYV YDOXH FDQ EH FRQVLGH U Hi@withiihd R§gettive\makiBs@howed inRU )DFWR L
the last column of Tablée 7 KH $ O S KDdf Factdis®@ 4ridl 6 are slightbwer than 0.700. idoesnot
seem to be a great deal, simsanyauthors consider 0.6 acceptable.

Comparing Fig 2 with Table4 (clustering) and-ig. 1 (proposed taxonomy) it can be seen that the

%UD]JLOLDQ H[SHUWVY SHUFHSWLRQ O Hh@nmy\prpuéediMDPH FODVVLILFDWI

4.5. New barriers added by the respondents

After assessing the importance of the 27 barriers, the resporndetdsill a blank with otherbarries
they considered important and were not listed and submitted to their assessment. The participants suggested
around 40 barriers. Although this is a small number of suggestions, devoid of statistical significance,
consideriig that more than 1000 questionnaires were processed, it is worth analyzing them in order to see
whether valuable insights come from them, justifying deeper research.

According to a few numbers of respondents (Ta&plbe Brazilian industries are ncaipable to develop
high-quality BEE technologies, thus it is necessary to import thiEmwever, some of the imported products
are of poor quality as well as many of them do not take into account the regjor@2dimparing such
statements with the Teoblogical Barriers, from the proposed taxonomy, they can be summarized into the

EDUURMGRHTXDWH %(( WHFKQRORJLHV’
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Table5 +1HZ EDUULHUV DGGHG E\ WKH UHVSRQGHQWY UHODWHG WR 3,C

STATEMENT #RESPONDENT

"Lack of national technologies" #360
"Low development of new national technologies" #923
"Lack of development of national technologiesctmmpete with importec 4668
technologies"

"Few national manufacturers of energ¥ficient technologies" #327
"Restricted national technologies” #415
"Most of the technologies used to improve BEE are imported" #200
"Poor quality of manymported technologies"” #418
"Difficulty importing efficient technologies" #904
"Lack of technologies aimed at different regions of the country” #216

A small number ofespondents (Tablg) wereconcerned with the purchasing power of lower classes.
A careful analysis of such statements shows that they can be included into thejdrii@D QFLDO OLPLWDWLF
RI WKH RZQHUV”’

Table6 *+1HZ EDUULHUV DGGHG E\ WKH UHVSRQGHQWY UHODWHG WR 3)L

STATEMENT #RESPONDENT
"The middle and lower classes do not have access to BEE technologies” #81
"Lack of costeffective efficiency solutions for the mesinerable class" #20
"Available technologies do not include differences in social and regi 401

classes"
"Little disclosure about energgfficient technologies for different social class

: " #863
in the country
"There are no technologies available for the different popular strata, espe:

. " #761
for the middle and lower classes of the country
"The low purchasing power of the middle and lower classes" #710
"The low incentive for popular devices for the m@dhd lower classes" #278

Other respondents make statements related to the certification procedure3)(@ettle=call the barrier
entittedComplex energy efficiency certification procedures

Table7 +1HZ EDUULHUV DGGHG E\ WKH UHVSRQGHQWY UHODWHG WR 3
SURFHGXUHV’

STATEMENT #RESPONDENT
"Bureaucratic processes with the concessionaire and the governmer
longer. Even with the technology already ready todmeluthe time required fo #226

its adoption to be released can take months or even almost 1 year"
"Bureaucratic processes for adopting new technologies are-¢donsuming,

which makes the market unstable" #20

A great part of the respondents suggested that the main barriers to the adoption of BEE technologies are
concerned with academic education in BuildiwergyEfficiency (Table8). Thus, the suggestions given

by the respondents must be included into the bafi® FN R1 WHFKQLFDO FRPSHWHQFH"
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Table8 +1HZ EDUULHUV DGGHG E\ WKH UHVSRQGHQWY UHODWHG WR 3/C

STATEMENT #RESPONDENT
"Lack of incentives from universities and a research centers to train speci

in thefield of energy efficiency" #10
"Lack of academic guidance on BEE for undergraduate students" #16
"Lack of education on energy efficiency technologies at universities" #32
"Lack of undergraduate student training" #47
"There are no specifidisciplines that address the energfficiency issues, o
even within disciplines courses, there is no emphasis on the benefits of ac #72
BEE technologies"
"Little dissemination on the theme in the academic area" #141
"Lack of education on thiaeme in universities" #145
"Lack of disciplines on the theme in universities"
"The subject in question should be compulsory in undergraduate courses #288
"There is no incentive for academic institutions to teach (educate) stu
. . N #317

about theimportance of the use of energfficient technologies
"Inadequate, outdated and/or low quality higher education” #332
"l believe that the barrier starts in education. Many still see energy effici
as a "plus" and not as a building need, andstis due to the fact that mar #338
universities still treat energy efficiency that way"
"Low quality of technical education and undergraduate courses" #502
"Lack of specialization courses focused on energy efficiency" #609
"Academia treats ththeme less importantly” #702
"Undergraduate courses do not address energy efficiency technologies " #712
"Lack of courses at universities turned to prepare students to design anc

. e > #744
with energyefficient technologies
"Lack of technical informatin for training purposes" #781

Some respondents believe that energy utilities shastimean important role in supporting the
adoption of BEE Technologies (Tal®g which is a point of controversy that deserves taliseussed
7TKHVH IHZ VWDWHPHQWY FDQ EH FRQINMEBS HRUHG RQR B XK H Q FLHQMR. YWK\H

Table9 +1HZ EDUULHUV DGGHG E\ WKH UHVSROQGHQWY UHODWHG WR 30
STATEMENT #RESPONDENT
"There is no participation of energy concessionaires for the disseminatiol

encouragement of the adoption of eneegfjcient technologiés #16
"(QHUJ\ XWLOLWLHVY UHOXFWDQFH W feffitlaDtF #175
technologies

"Energy utilities are afraid of losing their market share #223
" Energy utilities do not want to lose market share #272

A short analysief Table5-9 demonstrated that no new barriarsse fromrespondent§comments

Conclusions
This paper evaluated the importance, accorttir§razilian experts, of 27 barriers to the adoption of
BEE technologies found in the literature. A structured questionnaire was used to carry out this survey.
Two quantitative methods, cluster analyaisl factor analysis, confirndefor the Brazilian sceario,
the taxonomy proposed by an extensive qualitative research previously published by the authors, grouping
the barriers into six categorieBinancial/economic barriers, Government/political/regulatory barriers,

Cultural/social/behavioral barriers, Market barriers, Professional/technical baeersTechnological
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barriers. The factor analysis showed that FirancialEconomic andGovernmentpPolitical/Regulatory
barriers are the most important for the Brazili@ality, showing that the Brazilian society has high
expectations about the government interference in this matter.
Although the respondents raised no new barriers, they gave insights into new research directions like
the inability of Brazilian industrie® develop BEE technologies, the impact of BEE technologies imports
on the Brazilian energgfficiency sector, the role of the utility companies in supporting research on BEE
WHFKQRORJLHV WKH LQDGHTXDF\ RI XQLYHUVLW\fV FXUULFXOD IRU ¢
Thus, this research showed that the barriers to the adoption of BEE technologies pointed out in the
literature were recognized as valid to the Brazilian scenario. Therefore, these findings can assist government
agencies, researchers, and experttake a critical look at possible strategies that can be proposed to

overcome such barriers.
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APPENDIX
A13HDUVRQTYV BrrReldtioh mathkQ W F

7KH 3HDUVRQYV FRHIILFLHQW FRUUHODWLRQ POWableARU VLPSO\ FR
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7TDEOH 3HDUVRQYV FRHIILFLHQW FRUUHODWLRQ PDWUL]
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$ .02 WHVW DQG WKH %DUWOHWWV WHVW RI VSKHULFLW\

KMO and the BatHWW IV WHVW LV SHUIRUPHG DOgbte ARKH UHVXOW RI WHVW

7TDE®HS5HVXOWY RI WKH .02 WHV W MBKG WKHWADUWOHWWIIV WHVW
.02 DQG %DUWOHWWITV WHVW

KaiserMeyerOlkin measure of sampling adequacy 0,851
Approx. $ 6 8361.885
% D UW O H \apweficity WH VW df 351
Sig. 0.000

%DUWOHWWYY WHVW RI VSKHULFLW\ SUHVHQWHG LQH[DFW $86 HVWL
351, and significance level less than 0.001, showing that the correlation mstaiisigcally different from
the identity matrix. In other words, the correlations in the matrix are statistically significant. Therefore, the
variables can be summarized in underlying factors, by two methods: variable clustering analysis and factor
analyss.
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