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MaxDiff approaches for PDO “Calanda” peaches (Spaih

Etiénne Grodt Luis M. Albisu
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(egroot@aragon.es, Imalbisu@aragon.es)

Abstract. Peaches with PDO Calanda are one of the 20 fuitflsPDO existing in Spain. The aim of this workids
understand how consumers make their choices basdddeomost important peaches’ attributes and levelshis
work, 4 attributes with 3 levels in each attribbtere been considered (price: 1.5 €/kg, 2.5 €/kg3abE/kg; origin:
PDO Calanda, non PDO Calanda and non Calanda; pagkdugitk, conventional packaging and active packggin
and fruit size: small, medium and big). Four Bestr8Y¢BW) exploded models have been utilised, twthem with
scale factors. All those models have been comparado traditional Discrete Choice (DC) models. Resstiow
that traditional DC models have better performamamn tthe other models and the best model is whesucoers
select the best option. Within the exploded modttls, choice sequence decisions starting from waptbns are
better than those which start from best option. Goress prefer PDO Calanda peaches over other typeshan
positive difference in their Willingnes to Pay (W)T&e more or less the same between peaches freemdzalvith
PDO and without PDO as it is between the latterggathes coming from other origins.

Keywords: best-worst, exploding models, consumer behaciwice experiment, fruit quality.

1. Introduction

Origin labels have been promoted in the Europeainruto increase and to promote the quality
of food products coming from specific geographicaiions. In Spain, there are 288 Protected
Designation of Origin (PDO) and Protected Geogregdhindication (PGI) food products and 20 of them
are fruits. Peaches with PDO Calanda are the ongs avith EU quality label recognition in Spain.
Calanda is located in the east part of Aragon &mdtlimatology is adequate to produce high quality
peaches, which are sold at the end of the produsi@son, covering from the beginning of September
until the end of October. Peaches from Calanda hadehigh market recognition for its quality during
many years. In 1999 the Regulatory Council of thetdtted Designation of Origin Calanda peaches was
established with the objective of assuring the pobvduality and maintaining its reputation.

Growers and commercial companies must comply thesrestablished by the Regulatory
Council to get the PDO label (BOA, 1999). Jesoamiga and Calante are the only varieties accefgted a
PDO Calanda peaches and they have to be produceiheinCalanda area, which includes 44
municipalities. Growers employ techniques as tlaf@o” and the fruit “bag production”. The “aclafe
consists of taking off 70% of the fruits at thensf development stage and, as a consequences freiit
much bigger. The “bag production” fruit techniquenecessary to avoid the Mediterranean fly attack.
Both operations demand half of the labour forceictvinepresents one quarter of the total produatimst
(Mainar, 2006).

At harvest, the minimum fruit size has to be ab@Bitmm, which corresponds to calibre AA,
with flash hardness between 3.5 and 5.0 kg/ 0.5amd sugar content superior to 12° Brix. Maturétgru
are yellow coloured, without green or orange tdigaj showing that they have reached a good rigenin
level. Hurt peaches or those with any injury ambidden to be certified.

A minimum quality standard on appearance and tasteportant to guarantee peach purchasing
and consumer loyalty (Prediest al, 2006; Crisost@t al, 2005; Bruhn, 1994). The presence of brands
allows consumers’ product identification and morzuaate quality. Consumers’ quality perception
increases brand value. Polo (2007) found that @ Ealanda peaches brand was valued by Madrid and
Barcelona wholesalers. Results showed that 40%ewh trecognised that peaches with PDO have prices
20% greater than the same peaches without PDO.Wdnik deals with how consumers evaluate PDO
Calanda peaches.

The Discrete Choice Experiment (DCE) has been eyeglowith the best-worst scaling
approach. In best-worst experiments respondentd t@mechoose best and worst options in a set of
alternatives. An assumption of this process is thapondents have the same ability to state bebt an
worst options. A subsidiary objective of this wois to check whether there are differences when
respondents decide best and worst options. The sextion describes the different Discrete Choice
models, with a special emphasis in best-worst sgalproviding analytical theoretical support. The
following section refers to the experimental desi§ection 3 presents the results and the final resna
can be found in the last section.



2. Methodological approaches

2.1. Discrete Choice Experiments and their limitabns

Stated methods are used in many areas, such astimgrkhealth and environmental economics
to study preferences. This methodology is usefutabee allows measurements of products not
deliberated at markets, as environment goods, walige the consequences of a policy change in veelfa
before its implementation or to asses market perdmce of hypothetical products. It is based on
Thurstone’s hypothesis about human decision makeude in 1927.

The nature of choice behavior modeling is rootedhim stochastic utility model expressed in
equation 1. The utility of alternativiefor the g™ individual can be separated in a systematic comipipn
that can be observed and measured by the reseasttbrthe random component, that captures the
measurement errors of the model.

Uiq :Viq +giq (1)

Additive functions consider that total utility di¢ systematic term is influenced by all products’
attributes. These influences are captured by/freof equation 2, wher& represents the attribute.

Vg = z:::llgik Xikg (2)

Assuming human rational behavior, individugl will choose the alternativé, amongJ
alternatives, only if its utility is higher thanhar alternatives. More formally it is given by etjoa 3:
Vi 2V, forall JZIOA 3)(
The probability of this occurring event is:

P, = ProblU 2U ., ] =12,...,J)
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Assuming that the stochastic term has a normaiiloiston and it is identical and independently
distributed, then equation 4 can be transformeal égjuation 5 and derived as a Multinomial Logit Mbd
(MNL) (equation 6) (McFadden, 1974). The log likelod function (equation 6) is maximized using a
non-linear algorithm calculating? s of equation 2 (Louvieret al, 2000)

_exply)
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The log likelihood value (L*) as well as the numloéiparameters (NP) are used to compare two
or more competing models. Sakametaal. (1986) compared models and the best was chosexl loas
the Akaike Information Criteria (AIC) that is shodvén equation 7. This criterion considers the lowes
AIC value to select the best model.

AIC =-2xL +2xNP 7

The estimatedf's of the best model represents the influence ohtifative or qualitative

variables on the choice process. The meaning ofsthean not be understood as partial utilities. The

coefficients of effect codes mean the utility changsulting from a probability change within an
attribute. As a consequence, the impact that amijpate has cannot be estimated because one of the
levels is not estimated (Flyret al, 2007).

Louviereet al. (2008), Flynret al (2007), Flynret al. (2008) and Lancsar and Louviere (2008)
have suggested the best-worst scaling as a solthiosvercome comparisons among attributes and
attributes’ levels. The best-worst scaling getsapaaters with the same scale and it allows those
comparisons.



2.2. Properties of Best-Worst (BW) scaling and ranikg theory

Best-Worst scaling, as DCE, is based on the Randtlity Theory. Finn and Louviere (1992)
presented the first publication dealing with thégtnique, but the formal statistical and measurémen
properties were presented by Marley and Louvief@0%2 Basically, in a best-worst choice task,
respondents are asked to state the most prefesakitaportant option and the least or less important
option in a choice set. In this task respondergsrat just maximizing their utilities but evaluagithe

maximum difference among all pairwaise of optiofisose models assume that subjé&) identify and

calculate the difference in utility for every paif (Uq’u —quv) options in the choice set with
J alternatives and select that pair that maximizéedéhce in utility between the(hquyst). The random

utility for each ordered pai(S,t) is showed in equation 8.

Y.

st forst=1....P and S#t (8)

_quys _quyt te

qj,st
Where options is the best option antlis the worst if(Yqj'st > Yy, uv) for all other pair£u,v).
The relative choice probability of a given pair @ftions is proportional to their latent utility $ea
distance and, assuming that the random terms hdaxenee value distribution, the probability of optio
S and t will be chosen, respectively, as the most andl¢last preferred options, for subje@tand
choice taskj, as it is showed in equation 9. Those conditiors sufficient statistics to use the
Multinomial Logit Model (Marley and Louviere, 2005)

qu (S,t) = exp{U as qjt) for S#t ©)
Z Z‘;EX[{U qu qw)

Equation 9 represents also a partially ranked ehs@t. That is, if there were alternatives A, B,
C, D and E, being alternative A be the most préfierand E the least one, then it is possible tatithe
order of the extreme alternatives A and E but hetrest. The order of the B, C, and D alternatbass
only be establish in relation to A and E but nobagthemselves. It would be necessary to undeaake
new round of best-worst decisions in order to getomplete ranking of those five alternatives.
Nowadays, as in ranking and rating tasks, the Wwesst ranking has been used to obtain additional
information, which is obtained from the explodedqs@ss.

According to Chapman and Staelin (1986) the exglqutecess occurs when the probability of a
ranking task is calculated. The exploded processirscwhen there is a factorization of the entireicé
experiment in smaller choice sets, which add neseolations. Theoretically, under certain conditiahs
is possible to have estimations of more efficieartapneters with less variance.

The following example is given to illustrate thenking exploding process. The preferences
ordering probability of A>B>C>D>E is equal to MNLhoosing A from a set {A, B, C, D, E} times the
MNL choosing B from the remaining {B, C, D, E} asg on until the choice set has two alternatives, a
showed in equation 10.

V V

VA eVB e C e D
Pr (fanking A, B, C, D, E= v v v v (10)
D YO Y
j=ABC.D.E j=BCD.E  j=CD.E  |=D.E

The exploding process is very simple but some Eapssume that ranking and rating tasks
induce bias respondents’ behavior which violatéistieal assumptions, commonly in “middle ranking”
(Ben-Akiva et al., 1991; Bradley and Daly, 1994he$e authors also declare that a series of “exgfode
pairwise comparisons are not consistent betwedss tasd final analyses.

Based on Chapman and Stalin’s rank logit modelsictar and Louviere (2008) proposed an
alternative way to solve the rank and rating incstesicy. This technique improves the correspondence
between the analysis of the model and the dateatwh. According to them, respondents first chabse
best option over all alternatives of a choice sethe example the option A, and then choose thestwo

option, in this case option E from the set {B, G,B). The negative sign of V. means that the indirect

utility of alternative E is the worst option. Theopess continues to the extent that the choichasebnly
two alternatives, as showed in equation 11.
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Marley and Louviere (2005) stated that the rankeorprobability, from best to worst, must be
the same than from worst to best. Thus, considetfiegprobability sequence independency and the
alternative model proposed by Lancsar and Louyi2e®8) (equation 11) for an experiment with three
alternatives, with preferences order A>B>C, equmetifl2) and (13) are presented.

e’ e
Pr (frombest to worst ordering A, B,)& * — (22
\VA VA
de e’
j=A,B,.C j=B,C
e e’
Pr (fromworst to best ordering A, B,)& —* (23)
VA \VA
e’ e
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So far, there has not been any work comparing refgras” abilities to choose best (maximizing
utility) and worst (minimizing utility) options. Eations 12 and 13 will have worst performance than
traditional DC experiments if their answers variifpis different, between the best and the woastking
options. However, it is possible to calculate des€éactor between the probabilities of choosing ltlest
or the worst alternatives, in a choice set of @m#ernatives, and the worst or best alternatives tte
remaining two alternatives to have a better modefgpmance as it happened to Scaepal (2009).
They also studied responses’ variability in a beetst task, although they analyzed the data as an
exploded ranking model (equation 10). Their aim wasompare responses’ variability of each best-
worst statement round in large choice sets andfthayd that statement’ variability differs in eaciund.

In our case, we have adopted an experimental desthr3 options, as described in the next sectoml
in equations 12 and 13.

2.3. The experimental design

Four peaches’ attributes were selected based enljténature review about fruit quality and
market tendencies, a focus group, some intervieitls fruit and vegetable section managers of three
retails distribution chains in Zaragoza and locarket monitoring. Those attributes were the product
origin, type of packing, peach size and price. €Hevels were also considered for each attribuibeyT
are listed on table 1.

Table 1. Attributes and levels employed in the experiment

Attribute Level Attribute Level
From Calanda with PDO Small
Origin | From Calanda without PDQ  Size Mediurm
Other places without PDO Big
Active packing 1.5 €/kg
Packing No active packing Price 2.5 €/kg
Bulk 3.5 €/kg

T reference levels to estimate effect codes

Price is included in the experiment as it allowdIM{iness to Pay (WTP) calculations for the
other attributes. Price was considered as a qa#uétattribute for estimation purposes and theaiamg
attributes as qualitative. The qualitative attrdsuhave been estimated by code effects. Louebsd.
(2000) stated that effect codes are correlatechah attribute but are uncorrelated with the gramém
unlike dummies. The effect codes should be intéggras the difference utility in relation to a refece
level.



The reference level for the origin is peaches “frGalanda without PDO”. The difference of
WTP between peaches “from Calanda with PDO” andnffiCalanda without PDO” would be the brand
value. It means how much money consumers valugytizgantee of peaches with controlled quality
linked to the PDO brand. The difference between Wfpeaches “from Calanda without PDO” and
those “produced in other places” assesses how maorsumers value the production of peaches coming
from Calanda, but without the guarantees associtttettie PDO brand. The expected sign of theses
parameters are positive for PDO peaches and nedatiypeaches produced in other places.

The experiment includes two different types of pagk one normal and other active.
Respondents were informed that active packing doesmply health effects and it allows keeping &®c
12 days more than with no active packing. The agtiacking parameter sign may be positive for some
consumers who wish to store longer time. The negaiign would be expected for those consumers who,
either believe that the active packing treatmestriwegative consequences for their health or theyalso
refuse packed peaches showing certain kind of ramah

Neophobia may contribute to positive bulk peacleesluations as well to the desire to touch the
fruits. When consumers touch the fruit it providesm with more information about peaches’ qualitg a
they may check as well other quality cues, suctnaalling, that is lost when the fruit is packed.

Different peaches’ sizes were shown to respondentse experiment. The weight of a small
peach was about 160 g, a medium size was aroundy2&5@ a big one was around 380 g. The first
weight corresponds to a peach that would be reflasyethe PDO norms. The second is the minimum
peach size accepted by the PDO norms and the {agpgsents a size that nobody would be abletto ea
at once. Normally, bigger peaches are relatedgbdniquality, moreover there was a market segnmert t
valued positively larger peaches up to the momérmsatiating their eating capacity. Thus, the expeéct
situation is that people have greater WTP for aiumdsize peach than a small one but they are not
determined to select either a medium or a big size.

The configuration of the experiment corresponda feactional factorial design. The fractional
factorial design decreases the number of combimsiaf a full factorial design Witl‘(LK) to (LK_N)

combinations, which diminish the task complexityn&lchoice sets allow main estimations effectdef t
attributes™ levels of a no label design, with 4ribtttes and 3 levels in each one. According to
Montgomery (2001) and Louvierd al. (2000) main effects explain 70 to 90% of the tetiance, while
two ways interaction effects only explain 5 to 15Pke estimation of two ways interaction effects ldou
need a great number of choice sets and no refesemeee found about analyzing this type of best-tvors
experiments in blockings. It was esteemed that ordin effects would provide enough information.

No biased estimators are obtained if expected patexsrconverge to real values and efficient
parameters as those that have the minimum variahaeget non biased and efficient parameters,
attribute’s levels were combined, following suggmss of Streetet al (2005). Their strategies to
construct a statically efficient experiment desage based on modular mathematic, which first select
profiles from a full factorial design and then thés a generation of choice sets™ options basedteofirst
selected profiles.

Those strategies generated a balanced and ortHogesign. A design is balanced when each
level of each attribute appears, in each choiceosdy once. Thus, each level has the same pratyatail
be chosen. A design is orthogonal when there isanmelation among attributes” levels. Its D-effiag
index was checked on the internet home page swgghbgtPihlen®t al (2008), and the estimated value
is 100%, so the estimated parameters are effieiethinot biased.

Respondents were asked to choose the best andaits¢ hypothetical peaches among three
alternatives in a choice set or buying situatidnallows having complete ranking alternatives ichea
choice set. Table 2 provides an example of a chesteln this case, the most preferable peach woeid
alternative A, followed by alternatives C and B.

The questionnaire was applied to consumers attgntiim hypermarkets, in Zaragoza city
(Spain), at the end of October 2008, when PDO Gia@lapeaches marketing season was finishing.
Respondents spent more or less 25 minutes answenguestionnaire and they were offered, as a gift
one kilogram of peaches with PDO Calanda.



Table 2. Example of a choice set in the experiment

Least preferable Situation 4 Most preferable

Alternative A
2.5 €/kg
From Calanda with PDO v

Bulk

Medium

Alternative B
3.5 €/kg
| Other place

No active packing

Big

Alternative C
1.5 €/kg
From Calanda without PDG

Active packing

Small

3. Results

The first question of the questionnaire asked nedpnts if they had consumed PDO Calanda
peaches in the least two years. It was a contrestipn and the aim was to interview respondents who
somehow knew the product. At the end of the questiode there was a request to interview only one
person per family. The intent of this warning wasatvoid repetitions and over emphasizing similar
profiles in order to get representative informatioh Zaragoza population. There were 318 valid
questionnaires.

The table 3 shows the sample socio-demographi@actaistics. Age, educational level, family
income and professional activity are disaggregatedender and the information is given by number of
persons. The sample has a majority of women (59.IBhg age range is very broad and there are people
from 18 years old to 81 years old, although femalesa little beat younger because proportionaidy t
have a greater proportion of 30 or less years oftl lass proportion with more than 50 years old than
men. The education level is similar in both genderd the sample is composed, mostly, for elemental
(30%) and medium education level (41%). Familiesnthly income of 17.6% of respondents are higher
than 3,000 euro, 48% of the sample is between 1aB@®,000 euro and for the remaining (34%) is towe
than 1,500 euro. More or less 50% of de respondente full time activity outside home and 39% full
time inside, and a great percentage of the lattmumis retired.

Comparisons between the socio-demographic samfbemation and Zaragoza city census
information (INE, 2008), provides some substanfégatures. Thus, the sample has 7.5% more females
than in the total population and 4.4% less for dga/een 18 and 30 years old. Proportionally timepda
has fewer respondents with medium education levah the overall population and more respondents
with university studies.

The Biogeme version 1.7, a free software packagestionate discrete choice models (Barbiere,
2008), was used to analyze the data. Table 4 peeffem statistical analysis. The first part of ttable
shows the estimated betas of each attribute levthl their respective inference statistics. Almobt a
parameters are statistically significant at 1% merfce level. Only bulk peaches are not signifidant
some models.



Table 3. Respondents™ socio-demographics characteristics

Age (n° of persons)

Gender <=30 >30 and <=50 >50
Male 18 60 52
Female 32 87 69

Education level (n° of persons)

Gender Elemental Medium University
Male 33 54 43
Female 54 77 57

ncome (n° of persons)
Gender <=1500 euro$ >1500 and <=300 >300(

Male 48 57 25

Female 60 97 31
Activity (n° of persons)

Gender Inside Outside partially Outside full

Male 45 12 73

Female 80 25 83

Source: own elaboration

As all qualitative parameters were calculated usiffgct codes, all reference attributes levels
have a parameter value equal to the sum of theofabe parameters linked to the same attributeisTh
the interpretation of the parameters values als rte be considering the reference levels. Thuss, th
probability of choosing peaches produced in theGdd area increases if peaches have the PDO label.

Table 4. Estimated coefficients and statistical parameters

Exploded models Traditional DC

Exploded models | with scale factor experiments

Best- | Worst - Best- Worst -

worst Best worst best Best Worst
From Calanda with PDO 083 0.88 0.46" 0.86 1.02 0.82°
From Calanda without PD® 0.08 0.09 -0.01 0.10 0.02 0.02
Other places without PDO 075 -0.79° | -048  -0.77 -1.00° -0.80
Active packing 015 -011" | -0.08° -0.11 021" -0aT
Normal packing’ -0.17 -0.16 -0.06 -0.16 -0.17 -0.21
Bulk 0.0 .0.05 | 0.02"9 -0.05 0.04%  .0.10
Price -0.28  -0.28 -0.15 -0.28 -0.27 -0.34
Small size peach 021 -022" | 013 -027 028  -0.24
Medium size peach -0.16 -0.11 -0.09 -0.11 -0.13 -0.14
Big size peach 0.05 0.11 0.03 0.11" 0.14 0.16
Scale factor - - 2.9 1.0 | - -
Final log-likelihood: -4,224.4 -4,139.7| -4,155.4 -4,139.5 -2,293.4 -2,578.4
N. Observations 5,724 5,724 5,724 5724 2,862 2,862
N. Parameters 10 10 11 11 10 10
Adjusted B 0.17 0.19 0.19 0.19 0.27 0.18
AIC 36.70 36.66 38.66 38.66] 3548 35.71

™) means no statistical significance, * significarate5% of confidence and ** at 1% is the
reference attribute level.
Source: own elaboration

Packing, in comparison to bulk, has the greategiact on respondents’ decisions (Table 5).
Active packing does not convince respondents ait®lenefit of longer storage time. Consequentig, t



information provided to consumers that active pagkiad not consequences for their health and psache
taste apparently had not positive influence onaedpnts’ decisions.

Bulk peaches were most desired in comparison ¢&gzhpeaches, although a high proportion
(38.1%) of respondents agreed with the statemedistike peaches touched by other people” and this
reaction was maintained, to some extent, evenaplgewere wearing gloves (21.7%). The explanation
about this observation is that consumers feelghathes’ quality decreases if fruits are touchedthgr
consumers. However, it is compensated with the ipidiss of getting closer quality evaluation, by
touching and smelling, and consequently has arbstlection. Peaches’ size has influenced respdsiden
on their decisions. Large peaches are desirablarentighest difference is found between medium and
big sizes.

Peaches size has influenced respondents on thairecdecisions. The bigger the fruit is the
more desirable is considered by consumers. All isoli@ve greater difference WTP value for big pieces
with respect to medium size, which reaches an astithvalue of around 0.7 €/kg. The difference WTP
value between medium and small size peaches has/aigbility through the models.

Table 5. Willingness to Pay (WTP), in euro, to move fronedevel to other

Exploded models

Exploded models | with scale factor Traditional DCE

Best- | Worst- | Best- Worst -

worst best worst best Best Worst
From without to with PDO 2.63 2.79 3.28 2.76 3.69 .31
From Calanda to other place -2.92 -3.12 -3.19 -3.10 -3.78 -2.42
From normal to active packing 0.07 0.17 -0.12 0.18 -0.15 0.29
From packing to bulk 0.54 0.40 0.52 0.41 0.77 0.32
From medium to small size -0.18 -0.4( -0.24 -0.39 0.53 -0.28
From medium to big size 0.73 0.78 0.87 0.77 1.02 700.

Source: own elaboration

The model of traditional Discrete Choice (DC) expent, when respondents pick the highest
utility alternative, has fewer observations tham dther models. Nevertheless, it has the lowestiEx
value showing the best fit. As a consequence ofek@oding process the number of observations
increases, however in this case exploded modeldeaee efficient than traditional DC models. Best
options prevail as better choosing criteria thamstvoptions.

The application of a scale factor increases thicieffcy of exploded models as detected by
Scarpeet al (2009). The biggest log-likelihood index changlgen the scale factor is included, occurs in
best to worst exploded models. This index tendsotoverge with the same index of the model following
the sequence of worst to best, that accomplish thighstatement of Marley and Louviere (2005), who
established that the ordering probability from liesworst must be the same as from worst to best.

4. Final remarks

The selection of 4 attributes and 3 levels for eattiibute seems reasonable to study
characteristics for PDO Calanda peaches as a gagdondiscriminate with other peaches. The modern
distribution has a tendency to use more fruitsdgsand packs but Spanish consumers send cleaissign
that they still prefer to buy peaches on bulk. Mwen so, but they are willing to pay more for bulk
peaches than packed to compensate probably forggaiauit when consumers touch the fruit. This
finding is important when considering more sophbetiéd active packing which involves higher costs.
The Spanish market still prefers big fruits conwgythat probably one piece is share with other fami
members. However, this habit might be more difficuithe future because the number of single hames
increasing very rapidly.

Models show that consumers have a tendency toimisete better best from worst options as
they normally look around searching peaches thasfgathem the most. Probably they were very
determined to choose PDO Calanda peaches over efte and this option prevailed over other
combinations of attributes and levels. The variaamnd the best option was quite different from th
worst option and ordering was not probably a gaaglience to analyze choices, so models of thatenatur
did not perform as good as without ordering. On, tap it was a hypothetical situation, it probably
induced to overstate the price they were willingp&y for PDO Calanda peaches.
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