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ABSTRACT

The importance othe appearance afonsumer products is
widely understood. This paper considarsevaluationof the
appearancef a technologyoriented produgtthe residential
solar panelfrom the perspective of individual§his study
uses a quantitative approach, visual conjoint analysis, to
determine preferences fproduct appearance eblar panels
andfurther explores howresenting a solar panelits context
of usecan influence the consistency ainsumeipreferences.
Approximately200 survey respondesitwere shown two kinds
of images of solar panelsne of a standalone panehnd the
otherof a panel installed on a radResultsshow asignificant
shift of preference whenfirst showing the non-contextualized
image and then showinghe contextualizedimage. Such
preference inconsishg/ provides insights with which to
inform the procesef userneedsevealing

INTRODUCTION

Under st andi Big critical éorthe ormulatian dbf
comprehensive design requirements and the fiduceess of

a product User$ needs can touch on many aspects of a
product, including price, functional performance,
sustainability brand, as well asproduct appearanceThe
aesthetic value of a product can be defined as the pleasure
derived from seeing # product, without consideration of
utility [1]. For some technologgush productsthat are
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developed around technological innovati@ther than user
needsor marketneed [2] appearance is usually considered
after performanceor price.However,as aproductriseson the
S-curve of technology diffusionthat is, the technology
becomes more maturand more familiar to the consumer
product appearancenay play a larger role innfluencing
customed buying decision.

In this study,we examine th@ppearance preferences for
residential solar panels. Much research has been conducted on
technologies to improve engineering performamaaticularly
efficiency and manufacturabilityof the panels. Typically,
elements such as panel color, size, and fratgle are by
products of engineering performance considerations. Darker
solar panels are generally more efficiemhile manufacturing
methods and ease of installation issues govern the size and
shape of a paneHowever, a solar pands appearancean
dramatically change the visual appeal of a hoamd thus
influence whether a homeowner chooses to invest in a system
and further adoption of the technology.

To obtain meaningful and accurate information from
users, conjoint analysis has been widely used ast
efficient tool to capture preference of productsaditional
conjoint has been proved to bsuccessfulin capturing
descriptivefeatures 8]. Visual conjoint analysigllows users
to expresgreferencedor visual features of a produstich as
form, size and colof4]. Studies have demonstrateuketability
to accurately capture consumer preferenaiethis methodby
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simplifying symbolic graphk to represent thappearancend
identity of a product,such as usin@ezier curves taepresent
the outline ofan automobile4].

Many strategies existfor obtaining and estimating
consumer preferences from qualitative ethnographic
approaches to quantite¢ computational strategieslowever,
inconsistency isin innate feature of individuareferencedue
to the casdy-casepreferenceconstruction proced®], and it
is often difficult to make thébesb decision on product design
[6]. Thisis also truefor preferencefor product appearancin
some sensepreferencs for product appearance can be more
easily biased, since dteals with gorimarily visceralresponse
[7]. One &periment has shown thapinions for productare
inconsistent across formisetweencomputer sketchFSV (3D
file system visualize) silhouette and realistic rendering,
though inferences areonsistent[8]. Understanding trse
inconsistenies will provide productdesigrers and engineers
insights onthe decision making process of custoniéits thus
helping them better understandconsumer preference for
product appearance

In addition to assessing tlpearanc@reference for a
solar panel, this study examiné®w sensitive a customer
might be to the particular way a panel is presentedone

A core practice of the field of industrial design is product
styling, developing forms for a product that are hbot
appropriate for the design and attractive. At the intersection of
industrial design and engineering, somesearch has been
conducted on produdappearance for casesich as vehicles
and mobile phoned P,13]. Otherresearcthas been conducted
on how styleand fidelityof preliminary design representations
caninfluence usesdresponse tproduct conceptgl4], andhas
found that userbelieverealistic, finished drawing® bemore
appealing User interaction designers have also considered the
topic for sofware design, and found that designs that are
perceived as more attractive are considered better, whether or
not they actually are more effectivey].

The appearance ofesidential solarpanes, which are
traditionally considered engineering performancedriven
producs rather than styling driverhasnot received as much
researchattention.In a survey of 200 solar panel installers,
Chen et al found that installers were generally the
stakeholders who make the primadgcisionon what solar
panelswill be made available to tHeomeownes. The survey
found thatthe appearancef the panels was a higbriority
attribute amonginstallers [L6]. In the same studyinstallers

werepresentd images on a blank (no context) background of

might expect, solar panel datasheets generally showcase a four differentkinds of panels, varyinthe color of frame and

panel on a blank background, without any visual texin
However, residential solar panels are installed on roofs of
widely varying color, shape, materials and slopad the
homeowners may not see how a panel looks on their own roof
until after it is installed.

This study posesteequestios aboutpreferences for a
s ol ar pmaduct appedrance:

1.Are preferences for a solar pah 6 s
same whe a panel is presented
with/without a contexd

2.Are preference consistent when the attributes of
product appearance are evaluated tdbether
(conjoint analysis) comparedwith evaluated
separatelydirectly stated)?

3.If the preference for product appearancare not
consistent, then what are the main factors that
influencepreference?

immages

Visual conjoint analysis is used to captuwensumer
preference for solar panels with various product appearance
attributes, along with atated preference survey.

PREVIOUS WORK
1.Productappearance

Humaninterfacesandindustrial desigrare often regarded
as key marketing element$ a produc{9]. The appearance of
a product is partly determined by the functions it performs,
and is partly designed to convegrformanceand emotional
information to users 10]. Thus the appearance plays an
important role in defining the produperson relationship
[171].

appearanc

the surfacetexture. Resultof the survey suggested that
Afeven surf-aokbowedhfdam&od i s
solar panestyle

2.Conjoint Analysis

Conjoint analysigs a method used to addesthe additive
effectof a set ofindividual variableson consumeipreference
It is widﬁléused inmarket researcto determine how people
Value ‘diffefent features that make an individual product or
service[17]. When using conjoint analysis, several attributes
of a product are chosen, each of which can be varied in
discrete levels. A controlled set of potential products is created
by experimental design, each of whicontains a combination
of the attributes[18]. Full-factorial design is a choice for
product profile generation whehe number of product feature
is limited. However when the number of produftatures is
large, fractionatfactorial experimental desigrean be usedo
captue consumer preferense substantially reducing the
numberof questiong19].

After the set is preparedsers are asked to rate, rank or
choose amonthe product profile. By their rating, ranking or
choices, utility models can be budind predictions can be
ma d e about t he
conjoint presents several products with different combinations
of attributes to users and asks them to choose the one he/she
likes the mosf20]. Compared to the ranking or ragiconjoint
method, choice based conjoint has the advantage of more
realistically mrchasicdlehaniaf cust o

Conjoint analysis has been traditionally used on
descriptivefeatures of products. Visuatonjoint expands the
use of the method bwllowing judgment on a produtts
appearanceln Kelly, e t s avdrk, o attributes were varied
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to generate different shape of a cola bo®#.[In Swamy et

a |s .wérk, four-controkpoint Bezier curvesvere defined to
generate the shape afvehicle hedlight [22]. In Orsborn et

a Is sty sevenattributes weredetermired to fully describe
the outline of an SUV4]. These 2D visualepresentatiosh are
further combined with functioral attributes of products to
understancconsumerpreferencdrom otherperspective such
as perceive environmendal friendlinessor the emotion and

reasoning behind the choice3[24].

Experimental conjoint methoalogy was proposed by
Tovares et al [3]. Virtual reality was combined witbonjoirt
analysis to create a vivid @senvironment This method
allowed users to judge not only how a product looked, but also
how it would feel to useasa product.

3.Research gap

Visual conjoint analysis ia relativelynew approach for
studying product appearance. Only a limitedariety of
products have beestudied using this methoth addition, the
influence of thestyle of visual representationin user$
response has not been studied yghg visual conjointThe
work presented in this papétesto fill the gap by applying
visual conjoint analysito solar panels. In addition, éxplores
the potential preference inconsistée® caused by different
ways ofpresentinga product.

METHODOLOGY

This study involve presenting users with an online survey of
images of solar panels with varying product attributes. The
details of the creain of the survey and imagesurvey
administrationand data analysis follow below.

1.ldentification of attributes

Datasheets o265 different models ofresidential solar
panelsfrom 37 different brandswere collectedas part ofa
previous studyf6]. Thesepanel typesvere successfly sold
on the open California markdétom 200711, and were drawn
from the California Solar Initiativi® databasg25].

In this current study, analysis of thgroduct image
includedin the datasheetslentified four key attributesof a
panel®appearancel) color of the solar cellg) shape of the
corners of thesolar cell 3) pattern of the froobntactwires of
the solar cellsand 4) the style of frameln the experiment,
eachattributewas varied on 3~4 different levels, which can be
found inTable 1.

In fact, the attributes identified are not only related to the
appearanceof solar panels, butre also connected with
engineering criteria such as performance and prieer
example the color of the paneis directly determined by the
solar cellcodingmaterial The shape oé solar cell is related
to the usage rate of silicon wafer, the fabrication mateaald,
the power generatioefficiencyper area of the solar pan€br
the sake of simplicity, henee do not consider the variation of
any criteria exceptthose relating toaesthetis, holding all
otherattributesconstant.

2.Survey Design

A survey was designed and distributed throdghazon
Mechanical Turka crowdsourcing Internet marketplace where
Human Intelligene Tasks are posted and completed by MTurk
Workers The respondents of the survey were confined to
adults in the USInformed consestfrom the participants were
obtaired at thebeginningof the survey. Eacparticipantwas
compensated with $1.58pproxmatdy $6.00 per hour.

A pilot study was conducted with 8 participaatyd their
feedbackon overall content, wording, and survey lengtére
considered imefining the survey.

The six parts of the surveffFigure ) were designed to
take an averagetime of 15 min tocomplete The sequence of
the six parts wasdesigred to reduce possible bias of
preferenceas the respondeprogressed from one section to
the next

3.Creation of images
Two different kinds of images of solar pamelere
createdspecifically forthis survey:

U Non-contextualized: Images of solar panefsom a
front viewon ablankwhite background.

U Contextualized: Images of solar panelsstalled on
house with different style and color of roaf§he panels
may be shown at an angle, depending on the roof style.

Images were createdsing Adobe Photoshop, and all
levels of the attributes were controlléal minimize possible
bias introduced by factors such as differiemage fidelity For
the contextudted image, the comination of panels and
roofs were chosen randomly, without specific match of styles
between the twdrigure2 shows examples of the two kinds of
images.

Table 1: Levels of atributes influencing the appearance of solar panels

Attributes Num. of Levels Level 1 Level 2 Level 3 Level 4
Color 4 Black Blue Red Green
Shape 3 Big rounded Small rounded Square cell

corner cell corner cell
Pattern 3 No pattern Two main contacf Three main
wires contact wires
Frame Silver frame Black frame No frame
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utility of attribute "Q"Q is the mapping from level of attributes
to the partworth utility. The level with the higheattility was
noted as thenost preferred level of dattribute.

Part | A general introduction of the study and @mroduction
of the four attributes of solar panels.

Part Il A choice base conjoint questionnaire containing The totalpartworth utility of a product is given by the

questions asking the participant to chodbe more sum ofthat ofeach attribute:

preferred solar pandétom two options Respondentare

asked to use appedanceas tihheeonlyy Y% 0 o

criteria to consider when comparing the two panétsr

contextualized images are used. A largerpartworth utility represents higher preference.
Partlll A direct statement survey asking participants to chq When using the model to predict future choice, the product

their most preferred level for each of the four attribute with the higherestimatecpartworth utility will be chosen

_ o _ _ ] ] The first27 questions in survey part Il are used to create

Partlv. A choice base conjoint questionnaire with five the preference model. The remaining 5 questions in part Il are

questionsasking the participant to choose the m the first holdout set of questions used to crogalidate the

preferred solar panel between two options.

. ; prediction accuracy of the modelThe 5 questionof the
Contextualized images are used.

contextualized images in part IVare the second cross

PartV A solar panel design gquestionnaire. Five images validating set. These two question setcorrespond with5
different houses are presented. Rgrants are asked t randomly pickedquestios in the 27-question set which
select their most preferred combination of the so means that the extra 5+5 questions have the same solar panel
panes on theroof of the houses pairs as 5 previously asked questions.

Part VI A questionnaire asking basiemographicinformation This re_petition of questionshould _not 'beobv'io'us to
such as gender, aggeographical locatiantype of respondentdf the total numberof questios is sufficiently

residence. large Thus here is only limited risk that participans
Figure 1: Structure of the survey memorize their answers anq matktee same choice within

same solar panel pairs intentionally. We can assume that every

time aparticipantanswes a question whether he/she has seen

it before or not, he/she will make the choice only Hase

their currentjudgmentof the product appearanceot their

memory ofanswes to previougjuestiors andanobligationto

answerconsisently.

Figure 3showsa flow chart that explairs the proces®f
model creation prediction and comparisons opreference
consistency.

As can be seen in the flow chart, the 27 questions with
non-contextualizedmages are used torede the preference

- : model. Then the model is used fowedict the customeés
Non-contextualized Contextualized preference for the extra 5 questions withon-contextualized

“3
.
*-
*
¢
)|
’1
* |

* 4 4 4 4+ 4+ 4+ o+

Figure 2: Examples of thecreatedimages.Panels in the two images as well as the 5 questions witbntextualizedmages.
images have the same combination of attributes: blue, big The prediction results are compared tlie real choices
rounded cornecell, two main contact wires and no frame participants made for the 5+5 questions to shovptkeiction

accuracy of the model and to evaluate thepreference
4.Data Analysis methods consistency.

The conjoint analysis data was analyzeding the In addition theanswes to the extra 5 questions witlon
Bradley Terrii Luce (BTL) equation [4], which is often contextualizedmages and the answers to the 5 questions with
applied to pairwise comparison data contextualized images are compared directly to their

0 o U_ o corresponding questiols in the 27quesion set. This
0 comparison also revea information about participanis

Here @ is the 'Q level of attribute’Q The probability preferencenconsistency. N

attribute @ will be chosen,0 & , is given by dividing Later the most preferred levels revealed by conjoint

analysis are compared tine responseso part Il of the

0 , the number of times attribute lev@l was selected in o . .
survey whereparticipantsgive answers ttheir most preferred

the conjoint survey, by) k the total number of times attribute level for each of the four attributes directifhe most
level & was presented in survey. preferredlevels are also compared to tHesignoutcomeof
6 Qw L ® G the surveypart V.
The partworth utility of each attribute is estimated by the
chosen probabilityn eq 2, ¢ is theestimation ofpartworth
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Created from non-contextualized image test data

Find preference

model by
calculat‘ln_g part-

Data Collection Prediction

Survey of
preferences (for
creating model)

Predict customer's
choices using
preference model

Survey of
preferences (for

Compare preferred levels
elicited in different ways

Directly Stated

Most preferred levels

comparing with
prediction)

Compare the aesthetic
preference elicited for 2
different kind of images

Figure 3: Process of preference data analysi

Compare actual choices
with model predictions

RESULTS
1.Participants

A total of 227 participants responded to the surveyo
criteria were used to screen the data: i) Responding time.
Surveys completed in too little timgess than 8 minwere
considered to be low quality, and therefore were rejected; ii)
6 Cor r ec tA sanple objeativeé guestion was set inside
the survey, and those that failed to answer it were considered
low quality thus were rejected33 of the responsesvere
rejected leaving 194resporses to thesurveybeing used in the
final data analysis.

Among he valid data, the demographic information of the
participants is as the following:1@ male, 84 female, age
ranging from20 to more than 6@ll living in United States.

2.Individual preference model
By calculating thegartworth utility of each attribute level,
the prefeencemodebk werebuilt for each participant.

Figure 4 is an example from one participant. Theeference
models aralescribeddy blue dotgepresenhg equation(1).
Themost preferred levelaremarked byred barsFigure5is a
summary of the preference models
Later, the model
on other questiongsingequation(2) .
Usingthe preference model in

Figure 4 as anexample whencomparingi) A black panel
with big rounded corner, no pattern cell, and a silver frame
with ii) A blue panel withsmall rounded corner, two main
contact wires cell with alack frame, thestimatedpartworth
utility of the two panels are given as below:

s are used

Y O o} o} 0
MY T @Y T™@p pgP
Y 6 o} o} 0
T O TY UL TM o T Y
Since™Y 7Y, the modelpredictsthat this participant

will prefer thefirst panel over thesecondone.If he/she does
choosepanel ii) over panel i), we claim that the model makes
the firighto prediction

3.Preference inconsistency between images of different style

The last 5 questions in Part (With noncontextualized
images)and the 5 questions in Part YWvith contextualized
images)of the survey are used for chéud the accuracyof
the model.

Predict on accuracy is the numb
made over the number of total predictionsiade by a
preference  model Every participant has his/her own
preference model and his/her own prediction accuracy value
for both noncontextualized image questions and
contextualizedmage questions.

Preference for color

8

0.5

0.4

03

0.2

Preference level
Preference level

0.1

Black Blue Red Green

Preference for shape

N

3

0.5

03

0.2

0.1

Big Corner Small Corner Square

Preference for pattern

\

0.5

0.4

0.3

0.2

Preference level
Preference level

0.1

No Pattern Two Wires Tree Wires

Preference for frame

05

0.4

0.3

0.2

0.1

0

Silver Black No Frame

Figure 4: Preference model from one participant
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Color Preferences Shape Preferences
50.00% 50.00% T -
40.00% 40.00% J_
30.00% 1 T 30.00%
. ‘0
opeilll " T T 2000% 1 —— I —— L —
oo THETER RS . E. .
el = == Nk
0.00% - - Big Small
Square
Black Blue Red Green corner corner
Means | 35.70% | 27.26% | 18.39% | 18.65% |MeanS 34.45% 37.11% 28.44%
SD 15.07% | 11.04% | 8.04% | 9.63% ‘SD 11.18% 7.68% 13.28%
Pattern Preferences Frame Preferences
50.00% 50.00%
40.00% 40.00% T T
30.00%**--7171* 30.00%—I—i—i—
20.00% T 1 1 — 20.00% ] 1 —
oo S M B | oo B B
0.00% - 0.00%
No Two Three ) No
. . Silver Black
Pattern wires wires Frame
Means | 39.22% 30.68% 30.10% |Means 30.36% 34.51% 35.13%
sD [ 10.31% [ 7.81% [ 8.38% ‘SD 6.84% 6.98% 6.26%

Figure 5: Summary of preference model

Table 2 is a summary of 194 individual prediction
accuraciesAn average of 70.8% predictiaccuracyof non
contextualized images suggestgedatively good prediction
ability of the model when thenage style doei change (note
that the preference models were built based on participants
answers to the questions with roontextualized images).
However when the style of the images change®
contetualized image, the models doest mmrk as well ay
more.

The small p-value for oneway ANOVA indicates that
there is asignificant difference between theprediction
accuracyfor questions with different styles of images. The
prediction accuracyor contextualizedmages is much lover
thanthatfor non-contextualizedmagequestiors.

Table 2: Prediction accuracy for noncontextualized
images and for contextualized images

Average | St Dev ANOVA

Non-contextualized o o
images 708% 22.3% F=57.44,

: _ 3
Contextualized 530% | 240% p=2.61x10"
images

For some people, theimwn preference models predict
contextualizedmage questions more accurately thanedict
contextualizedmage problems for them. For some people, it
is the opposite. For the ot their preference modegtsedict
both kinds of questions with same accuradable 3 is a
summary of the number of participants in these three
categories.The results show that, more than half of the
participans have higher prediction accuracy for non
contextualizedmagequestiors.

Table 3: Prediction accuracy comparison
Non- Non- Non-
contextualized contextualized contextualized
> Contextualized | = Contextualized | < Contextualized
119 53 22

In Table 4, the answers for thdive non-contextualized
image questions and the five contextualizedage questions
are compared directly to his/her previous answersthe
correspondingjuestions

Table 4: Preference matching rate
Average | St Dev ANOVA
Non-contextualized o o
images 836% 18.8% F=80.39,
. — 7
Contextualized 6ad% | 23.9% p=1.34x10"
images

The results showhe inconsistency of preference. When
respondents answered a question the second time with the
same style of imagdhere was83% chance they woulstate
the same preferences that they did befoFhis random
inconsistency has beabservedbefore and the rsan of the
inconsistency was concludedf@tochastic choiag[26].

However when respondents answered a question the
second timein response ta different style of image (the
contextualized images)only 64% chance they would still
prefer the same solar pandlhe small p-value of ANOVA
indicates that thelifference betweenthe matching rate is
significant. Thus the inconsistency of preferemeaised by
changing image stylis not randombut systenatic.
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These together show discrepancy oliser$ response i
when first using nostontextualized images and then using
contextualized images in the visual conjoint. In other words,
when comparing images of n@ontextualized panels, a
respondent might prefer a green frameless panel to a black
silverframe for exanple. However, when comparing the
same two panels presented in the context of a roof, the
respondent is very likely to change the preference and prefer
the latter to the formeproviding the visual contexs able to

change

Figure 6: Summary of most preferred level of attributes

nfl
panel.

For PatternfiNo Patterd is the mostpreferredin all the
five design questios, suggesting that a majority of the
respondents find an even surface of the solar panels more
attractive than patterned surface of the panels.

For Frame,fiNo Frameé is the mostpreferredfor three
designquestiors andfiBlack Framé is the mosipreferredfor
the other twadesignquestiors. It seems that when the roof of

uences

the respondent so

4.Customizedesign of solar panel

Figure 6 is a summary of the answers to the five

customized design questions. The most preferred levels of

attributes are also presented in the graph as a reference. It can
t h a es fqr thempst préfessredevél ofi ¢

be

seen

each attribute changes under different circumstances.

As for shape, Square is the meseferredin four design
guestims out of fiveand Big Rounded Corner is always the
least preferred These aredifferent from either conjoirt
analysis or directly statedanswer The reason for the

peopl eds

preferenc

fiSilver Framéis always the leagireferredone

Preferences for color changed the most under

different design situations. The color of the roofs in the
images provided is likely the main cause for the preference
change asan be seen in

(
t h

prefetbacdhouse has a dark <col or
Framed the most, and when
green or bl ue) , eréditbdoe therbastmeatch. i s

Table5. It was found that respondents tend to choose the color

of the solar panel to match the rddblue panels for blue roof,

red panels for red roofs, etc. In addition, black is always a

differences could be that the shape of the tiles on the roof

secondpreferred choice if not the first.

Table 5: Color of the roof and first two preferred color in five design questions

Design 1 Design 2 Design 3 | Design 4 | Design 5
Grey (with Grey(with
Color of the roof blueeavey | white eaves) Red Green Blue
First preferred color Blue Black Red Green Blue
Second preferred color Black Blue/Red Black Black Black
7
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5.Changing of 60 Mo st
revealed result talirectly stated result

In Figure 6 the most preferred attributes revealed by
conjoint analysis seem to be matching with the directly stated
most preferred attributes pretty well. However, looking into
detaib we can see thahere is a high changing rate of the
most preferred attributes.

Table 6 is a summary of the changes of most preferred
attributes.The digit in row_X colum_Y representise number
of people whose most preferrattributerevealed byconjoint
is X, and stated directlis Y. The bolded digits represent the
number of people, of whom the most preferred attributes are
consistentDigits in gray cellgepresenthe number of people
whosemostpreferredattributes changed.

We can see that the most preferred Color revealed in the
two ways generally consistent with each other. For Pattern and
Frame however, though tlsgmmatios of the mospreferred
attributeon eachsingle level are similar, the inconsistency is
high. Take Pattern as axample there are 36 people whose
conjoirt revealed favorite pattern dlo patterd However
their directly stated favorite patternGBvo main wireé It is
almost 1/3 oftie populationwhoseconjoirt revealedavorite
pattern isiNo patterid

DISCUSSION

The results of this study show the existence of
inconsistency when revealing appearance preference for solar
panel fom consumers. To answer the questions we asked in
the beginning of the paper:

1.Are preferences for a
same wha a panel is presented ifmages
with/without a contexa

No. When the style of product representation of the solar
panelchanges from a necontextualizedmage with a blank
background to contextualized image within realistic context,
the appearance preference shiitge can see this from the
significant difference ofpredictionaccuraes as well as the
significant differeme of preferencematching rates (Tabl2 to
Table4).

Pref err ed 62 Aeetptefererttas tcansistént when the attriputes of t

product appearance are evaluated all together
(conjoint analysis) compared with evaluated
separately (directly stated)?

No. The preference model reveals the appearance
preference for solar panel when all the attributes are presented
together within an integrated image. The directly stated
preferencerepresents the appearance preference considering
the attributes independentlin this study, the preference for
color is pretty consistent. However the preference for shape
pattern and frameare not consistent when evaluated in
different ways.Table 6 shows the changing ofmost preferred
attributesrevealed in these two waydowever vhich one of
these twopreferenceaevealingmethods is better is open to
guestionand is out of the scope of this study.

3.If the preferencefor product appearance is not
consistent, then what are the main factors that
influence thepreference

In this studythe context in which the product is presented
plays an important role in bias the appeargegerenceThis
can be seen fromespondentichoices of color in part V of the
survey (Table 5) when they are asked to choose the best
combination of the attributes to create solar panels to match
the roof of house given. It appsathat, a majority of
respon@énts consider the consistgnof the color of solar
panel and the color of roof represents a better looking. Thus
the preferencdor the appearance of the solar panel is not only
a question about the product itself, but also a question about

s o | a mwhaptle ereitodnsenn avipcp thegproduotsused Ibokselike.

Further we could argue that, the closer the visual
representatioooks to the final product anthe closer the
testing environment looks to the real using context, the more
realistic therevealedappearancereferencewill be. Which
product looks better can be a subtle question to ask, since
insignificant factors such as the intépsof lighting could
change peopfs opinion. Thuswhen revealing consumeérs
preferencdor product appearancé is important to make the
visual represatation look vivid, not only the product itself,

Table6:Changing of O6Most Preferreddé attributes from con

Color Directly stated Shape _ Directly stated
Black Blue Red Green| Sum BigC SmallC Square| Sum
Black 95 5 1 1 102 Big C 29 38 22 89
. Blue 9 40 1 2 52 Conjoint | Small C 10 34 29 73
%g%g Red 2 2 4 1 9 Anlaysis | Square 0 9 23 32
AMAYSIS | Green| 11 8 2 10 31 Sum 39 81 74 194

Sum 117 55 8 14 194

Pattern Directly stated Frame _ Directly stated
None Two Three | Sum Silver Black None | Sum
None 62 36 15 113 Silver 14 20 7 41
Conjoint Two 22 18 8 48 Conjoint Black 12 50 24 86
Anlaysis | Three 8 12 13 33 Anlaysis None 14 39 14 67
Sum 92 66 36 194 Sum 40 109 45 194
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but also the using context. In contrast, if the visual
representatiorof the product idifferent from what it really
looks like, desigrers may receive biaseidformation about
customerpreference and therefore make wrondgecisionon
productdesign

The preferenceinconsistency couldalso be explained
from a cognitive perspective, sin@esthetic experience can
also be regarded as a cognitive activizy][ When revealing
preference usingonjoirt analysis,participans are showra
combinationof the attributes as a whole product.hiis they
can have a visuampressionof what the productooks like
with all theattributes. Whendecidingwhich solar panel looks
better, they actuallyl o nhave todistinguishthe individual
attributes, but mée decisions based on the genémgression
received from the image. However, when revealing
preference using direct statement, a list aftributelevds is
showed angarticipans need to consider them independently.
How a product looks with all theattributes is largely
depen@nt on the participansd imagination The difference
between the wagy/customers evaluate theoductcould be the
reason whypreferencdor its appearancis changed.

CONCLUSION

Thi s paper investigates t he
preference for thappearancef technology product with a
case study of solar panels. In this work, four main attributes
that influence the appearance of a residential solar panel are
identified. Visual choice based conjoint analysis is used as a
main method to reveal the preferemsedel.

Inconsistenciesof product appearancepreference arise
when the style of images presenting the product changed from
noncontextualized images of solar pael with a blank
background to contextualizeichages of solar panel within a
realistic contgt. The context in which the product is presented
is believed to be thema i n factor t hat
preference. It is not necessdy true that one type of
representation is inherently better than anothet,if the goal
is to increa® solar panel amption, the suggestion of this result
is that panels that are designed to match home roofs are
strongly preferred, regardless of the standalone styling of the
panel.

The result of the studyhas implications for the way
stakeholders and companies represent their products to users
and the broader world.The existence of preference
inconsistenciessuggests designers to beautious when
studying customeéspreferencefor product appearancénd
the reasos behind the existence of inconsistencies give
desigrers insights into how taddess thefreab customer
preferencahat will lead to highesatisfactionafter thedesign
of product completed.

FUTURE WORK

The broader context of this work is the way we formulate
design requirements for products. This paper focuses
specifically on gathering user needs and desires, and future

b3]

work should consider how to formally link this type of
feedback on designs to design requirements.

In this study, tk existence of preference inconsistencies
to product appearanégedemonstratethy significant statistical
data. However the reasons behind them are more of a
qualitative analysis than quantitative experimental study. Thus
desigring an experimentto further proving the arguments
made in this paper important

In this study, the appearance preference is studied on an
individual level. However it will be interesting to further
explore the preference on a group level usingywarth utility
model.

Last but not the leastpnly one kind of technology
product is studied in this paper. Expanding this study to other
technology products, even to other consumer products with
more complicatel constitution of aesthetic, should give out
results with moregyeneral value.
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APPENDIX

Attributes | Num. of Levels Level 1 Level 2 Level 3 Level 4
o 3 -.
o 3 I“IIII
Frame 3

Only considering the appearance, which of the solar panels would you p

il A
il B
i None of thetwo

Figure: Question example of survey Part Il

11 Copyright © 2014 by ASME



1T A
1T B

Which solar panel looks better on the roof?

1 None of the two looks good and the roof

Figure: Question example of survey Part IV

Imaging this is the house that you're going to install the solapanels on. What's the attributes
combination of solar panel you would like to choose?

Color Shape Pattern Frame

1 Black | Bigrounded corner 1 No pattern M Silver franme
1 Blue 1 Small rounded corner 1 Two main conducting wire 1 Black frame
1 Red 1 Square 1 Three main conducting wire 1 No frame

1 Green

Figure: Question example of survey Part V
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