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Abstract: Human purchasing behavior is affected by manyeason behind these individuals’ differences. GQaltu
influential factors. Culture at macro-level and jexaity at micro- maintains the group values and personality makeesom
level influence consumer purchasing behavior. Reaopldifferent personal preferences. Consumers’ behaviors areatftscted

cultures tend to accept the values of their ownugraand by culture and personality. Another important facie
consequently have different purchasing behaviosoAbeople in budaet which i f hiah ) | . hasi behavi
the same culture have some differences in thethmses which can PUUGEL which IS o high valué In purchasing benhavio

be described by their personal characteristicsrefoee, this paper Therefore, in addition to culture, some other peadity traits
studies Uncertainty Avoidance dimension of Hofsteddture and budget are taken into account for consumerviha
model in consumer behavior as well as four persgnabits. The  modeling.

consumer model includes three important module uifing Agent-based modeling is a new analytical methoctivis

perce_p'non, evaluation of the alternatlves_ and -pasthas_e. Our used in the modeling of social processes such asucger
experimental results show that people of high uagsy avoidance . .
behavior [10]. Each agent represents a consumechwibi

tend to purchase the high quality products as asgfamous brands L )
to reduce the risk of their purchases. On the ofiaad, people in able to make decision autonomously based on its own

high uncertainty tolerant culture tend to purchié®enew products. preferences [10]. Therefore, applying culture aadspnality
The paper discusses about the validity of the pgeganodel based tg cognitive modeling of consumer agents make them
on empirical data. behave more similar to real humans.

Keywords: Uncertainty Avoidance, Consumer behavior, Agent- In this paper we propose a deC|_S|on-maI_<|ng prO(Felss
based market, Computational modeling, consumer agents based on uncertamty avmdancendpng
of culture and four personality characteristics:
QualityOriented, NoveltyTendency, RiskAversion and
PriceSensitivity. Consumer agent follows three nwdéps to
make decision: percept, evaluation of alternatiees post-
Consumer behavior includes five main stages: negglirchase. The results show that uncertainty avgidin
recognition, information search, evaluation of theonsumers tend to purchase the products with lobiguity,
alternatives, purchase and post-purchase [1]-[¢hsOmer while uncertainty tolerant consumers take risk poctchase
behavior modeling involves computer science, a&iéfi new and unknown products.
intelligence, marketing, sociology and psychology]. [  The paper is organized as follows: section 2 desesrthe
Consumer behavior is affected by many factors ooy review including uncertainty avoidance dimensiorcaiture,
culture and personality. What has motivated theecurstudy personality traits related to the current studyl some agent-
is why some people take risk to purchase the new pased modeling of consumer agents. Section 3riiest the
unknown products, while some others are consewativ proposed model in detail. In section 4, we prestet

their purchasing. The producers and internatiomalge of experimental results and section 5 concludes themand
the products are of high value for some people;evanthey proposes the future works.

afraid of purchasing new products. In contrast, smther

people are open to new experiences and tend th@sedhe 2 | iterature Review

new products. This sort of behavior is rooted i ¢hlture at

macro-level and personality at micro-level. Unaty Culture is defined as a set of shared knowledge ngmo

avoidance dimension of culture proposed by Hofsfetig] ~members of a group. Hofstede [6] defines four disiems

suitably describes these differences of human behav for culture including uncertainty avoidance, powiéstance,

Therefore, uncertainty avoidance dimension of caltis Masculinity and individualism. However, currentiyhe

selected to study in this paper. Hofstede model includes six dimensions [9]. Of seurall
People inherit the general and shared knowledge feir  dimensions of culture influence consumer behawbaoit, we

own groups; however their behaviors are affectecthmyr ke uncertainty avoidance into account due tartbgvation

own personal preferences as well. Personality ésrttain  Of the current study. According to the Hofstede, [8]
uncertainty avoidance is defined as follows:

1. Introduction
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‘Uncertainty avoidance deals with a society's talwe There are many researches in the field of consumer
for uncertainty and ambiguity; it ultimately refets man's behavior modeling [5], [17]-[24]. Most of them seifffrom
search for Truth. It indicates to what extent atetd the lack of culture and personality and other cigmi
programs its members to feel either uncomfortable deatures. The model proposed in [17] does not ediuip
comfortable in unstructured situations. Unstructire agents to learning. Tran [18]-[21] extended the ehdoy
situations are novel, unknown, surprising, andedléht from enabling the buyer agents to learn and model thetagon
usual. Uncertainty avoiding cultures try to minimizhe of seller agents and prevent communicating with -non
possibility of such situations by strict laws andes, safety reputable ones. Roozmand [22] proposed a modelhiohwv
and security measures, and on the philosophical ammbnsumer agents model the reputation of sellertagsased
religious level by a belief in absolute Truth; 'thecan only on three parameters: quality, price and delivangeti

be one Truth and we have it'. People in uncertaiyiding
countries are also more emotional, and motivatednmer
nervous energy. The opposite type, uncertainty @oag
cultures, are more tolerant of opinions differerdnfi what
they are used to; they try to have as few rulepa@ssible,
and on the philosophical and religious level theye a
relativist and allow many currents to flow side bide.

separately. Also, seller agents model the reputaifdouyers
and consider discount for them based on their etjout
Jager [25]-[26] proposed a model for consumer agerdted
in human needs. These models apply neither cultare
personality in consumer agents. Personality hasn bee
modeled in [15]-[16] for buyer and seller agents in
negotiation; however it has not been applied inscomer

People within these cultures are more phlegmatial anagents. Openness and stingy have been applied yiar bu
contemplative, and not expected by their envirorimien agents in [24]. Hofstede and his colleagues [24]-Eplied
express emotions’. five dimensions of culture separately for tradirgemts in
Countries such as Greece (112), Portugal (104)egotiation but it has not been applied for consuagents.
Guatemala (101), Belgium (94), France (86), Spé#),(and Therefore, we aim to model the culture and persignad
Korea Republic (85) have high score on Uncertaintyonsumer agents. Uncertainty avoidance and folsopetity
Avoidance. Also, countries with low score on Unaamty characteristics are chosen to be modeled in thgempa
Avoidance are called Uncertainty Tolerant such as:
Singapore (8), Denmark (23), Sweden (29), GreataBri 3. Modeling
(35), Malaysia (36), United States (46), Norway )(%hd
Netherlands (53).
Uncertainty avoiding consumers do not tend to paseh In this section we describe the market architectanel
the new products, while uncertainty tolerant coresgmare COnsumer —agent decision-making process based on
open to adopt the new products and technologies Mncertainty avoidance dimension of culture. Twoetymf
Uncertainty avoidance consumers pay much attentighe agents have been considered in this model: consagent
international image of the products such as fanboasd cars and seller agent. In this paper we focus only amédizing
[11] and do not tend to take risk and purchaseptoelucts the consumer agent decision-making process. Saflents
with unknown brands. play the role of product providers and they are ewipped
Big-Five model of the personality proposed by MaCraWith learning or any cognitive mechanism in the reat
[12]-[14], also called OCEAN (hereafter we callshinodel Version. The model has been implemented basedeoiul¢a
as OCEAN), is one of the models widely accepted arff MASQ Meta model [35]. Figure 1 shows the general
applied in many agent models [15]-[16]. OCEAN modefrchitecture and main transactions of the propasedel.
includes five big traits: Openness to experiencé,ne market model is inspired by Roozmand [36].

Conscientiousness,  Extraversion, Agreeableness and

Uncertainty  Avoidance in

Consumer Behavior

Neuroticism. Openness to experience is relateddmovelty
need [14]. According to the McCrae and Costa [14
openness people tend to try the new things, therefc
openness trait is related to the novelty need. aueft
consumers tend to have high quality product sircés i
related to their status and their tendency to enda a
group. Conscientiousness people are very carefutaheir
purchasing behavior and do not like spending mdoeiow
quality products. Agreeable people are generou$ &

trait on the novelty need, quality of the produgsk and
price sensitivity, we simplify these relations. Téfere, four
personality characteristics related to the curemidy are

price is not of high importance for them. Also, raicism : ' BLN
and extraversion are strongly connected to risktdo [14]. 11; o
Since it is difficult to measure the effect of egudrsonality 7

Environment

Consumer Agents ﬁ

Products

e 230

Consumers’ Inbox

Sellers’ Inbox
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S ] |t
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Seller Agents
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chosen: NoveltyTendency, QualityOriented, RiskAi@rs
and PriceSensitivity. These four characteristiestaken into
account to represent the personality of the consagents.

Figure 1. Market Model and Transactions

We describe different parts of the model in théofsing
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subsections. Subsection 3.1 includes the markehegitss. 1.0Once a seller agent is created, he aims to denadadiis

Subsection 3.2 describes the main transactionsfimaity in products in the market. Therefore, he asks the agess
subsection 3.3 the consumer agent decision makioceps handler to add his products into the environmertetigeen
and related formulas are illustrated. by all consumer agents. Of course, if the selleenag
produces a new product later, he does this trapsact
3.1 Market Elements again.

The framework includes three main elements: consumg.Consumer agents perceive the environment (envirotjme
agent, environment, and seller agent. These elamams and update their knowledge about the products & th
described below: market. In the current simulation, each consumesnag
perceives the environment in each time unit of &timn.
Consumer agentplays the role of a consumer and purchasg A consumer agent sends a message to the sellerthefno
products in the market. Consumer agents make dectsi have the product that the consumer agent requires.

purchase a product based on their own culture (taingy consumer agent initializes the request’'s messaggasks

avoidance) and their personal characteristics. the message handler to put the messages in sellers’
inboxes.

Seller agentproduces different products and presents themEach seller agent checks his own inbox to find ribev

in the market based on the production date (tinfejhe messages. In fact, he asks the message handleritdod

product. We don'’t focus on internal decision maklmgcess him.

of seller agents since the main focus of this papeon 5.When seller agent sees a request message fronsancen

consumer agent’'s modeling. agent, he adjusts the bid including the necessary

information of requested product and sends it bacthe

Environment is implemented as a java class and facilitates consumer agent.

the agents’ communications. Environment containgeeth 6.The consumer agent receives all bids from sellentsy

important parts: products, inboxes, and messagaiéran 7.The consumer agent evaluates the bids and selectsest

option.

» Message handleris a set of functions to facilitate the 8.The consumer agent sends a message to the sedetiead
agents’ communications with environment. Agentsndo agent and informs him that consumer agent is gaing
directly interact with environment. All of their meages  purchase the product from him.
and requests are given to the message handleralyess9. Selected seller agent receives the message and,
handler checks the message and does the approprih@e Deliver the product. Actually, he sends the retllaittes
action. For example, a consumer agent requestetng of the p_roduc_:t. It can be same as the attributekeobid
the products in the market. Then, message hanéaks or possibly different. _
the message and extracts the content of the measalge 11. The consumer agent receives the product and,
accesses the products stored in the environment aﬁi‘ Pay the money. _
retrieves the result for the consumer agent. - The seller agent receives the money. .

. _ 14. The consumer agent evaluates the real attributeleof

* Productis a dgta structure Wh|ch engbles the seller aggnt product and updates his trust about the seller.
to place their products into this structure. It is
implemented as an array. Also, consumer agentaldee
to perceive the products. Transactions are famititdoy 3.3 Consumer Agent Decision Making Process
the message handler. According to the focus of this paper on modeling of

» Consumers’ and sellers’ inboxesare considered to consumer agent, in this subsection we describedhsumer
facilitate the consumer and seller  agentsdecision making process as well as details of ftizing the
communications. Each consumer and seller agenhisas model. The consumer agent decision-making process
own inbox. For example, C1 in figure 1 indicateg thincludes three important modules: percept, evalnawf
inbox for consumer agent 1. The inbox is an arrajcy  2lternatives, purchase and post-purchase. Alsog tie a
stores all sent messages by other agents to consgeet state variable tha_t holds the estimation of trusiua seller
1. Consumer agent 1 checks his own inbox and vesie agents. We describe the details of each module:
the messages by the use of message handler fusiction
addition, assume that a seller agent is going twl se
message to consumer agent 1. The seller agent aall
specific function of message handler which is cdergd
to put the messages into agents’ inboxes. The _ihmct seeSelleRroductg) — Products @
extracts the public part of the message and filds t
receiver agent (consumer agent 1) and put the gessa
C1 (see figure 1).

Percept: Percept module uses the ‘message handler’ of
environment to access the products in the markée T
function is defined as:

Products are the result of seeSellersProductsn€tin and
contain the list of available products in the maike well as
their sellers. Transaction 2 in subsection 3.2 dbissaction.
3.2 Market Transactions Then, the consumer agent sends request messagée to
sellers who have the product that the consumertagquires

The model represents many transactions which arersim X
(transaction 3).

figure 1. Here, we describe these transactiongfaild
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Evaluation of Alternatives: A consumer agent receives all

bids from sellers (transaction 6) and evaluateshiids to
choose the best option (transaction 7). The consagent
evaluates the alternatives based the followingtfanc

arg maxU " (UA,, Personaliy,, Product, Trust’, Budge} — [01]
2)

The consumer agent is able to purchase the prodwatg
enough money (Budget>price). WJAand Personality
represent the Uncertainty Avoidance dimension dfuce
and personality of consumer agentRroducts shows the

product attributes of seller Jrust® represents the trust of

21

April, 2011
prs a-Pr. )] 1-Trust’ Trust 2 O]
Mo = (L= P
ambiguity brand 1+ ‘Trust: TrUSs <0

(9)

Therefore, consumer agemselects the best option based on
utility formula (2) and sends a message to thectsdeseller
s' (transaction 8).

Purchase: consumer agert receives the product and pays
the money (transactions 11 and 12).

consumer agent ¢ about seller agent s. The fundtlon Post purchase:Assume the scenario that the selected seller

evaluates the value of each product and arg maxnsethe
product with highest value. The idea of Hofsted@] [Bas
been used but extended to model the utility fumctio

Pr _—_ * *
u c = unality F)rquality + Wnovelty Prnovelty (3)
— * S - *
Wrisk I:)rambiguity Wprice I:)rprice

In which U™ indicates the utility value of produétr for
consumer agent. AlSO, WgyaliyrWhoveltyt WrisktWprice=1 and
represent the importance of quality, novelty, risid price
for the consumer agent Pr, shows the attributk of product
Pr. For examplePrqaiy Shows the quality of produétr. The
weights on quality, novelty, risk and price are temb in
consumer agent c¢’s culture and personality andulztkd as
follows:

Wiy = UA* QualityOriented 4)
Woovery = (L=UA) * NoveltyTerdency (5)
W, = UA* RiskAverson (6)

W, = PriceSensiivity * (1- Bodgef )]

And finally the weights are normalized based on the

following equation:
wo=w D w] (8)

For the sake of simplicityPrquaity , Prnoveiy @nd Prpice are

s' delivers the product to consumer agenThe initial trust
about all sellers is set to zero at the beginnifigthe
simulation. Consumer ageatreceives and extracts the real
attribute  values of the product. Assume that

Pr iy FEpresents the real quality of the product.

Reinforcement learning is used to update the coasagent
C's trust about selles’.

TrustS(t) = TrustS(t —1) + (L— ) * TrustS (t 1) (10)

Trust (t) Indicates the trust of consumer agent c aboutrselle
s on quality at time ty is called cooperative factor and is
calculated as follows:

]

quality -

U=W (12)

quality * maX{( Pr

F)rquality )1 :umin }

In which g . shows the minimum value of cooperative

factor in formula 11. prrq'uamy = Pryuaiy >0, it means that

seller s' has delivered the product with a quality highemtha
what consumer agenthas evaluated at the time of purchase.
Therefore, the trust about seller is positivelyréased by the
rate of i . If pr/ Pr_ .. =0, then the seller agest has

quality - quality
delivered the product with the same quality as wiatas
offered. In this situation, the trust about selris increased
with the rateu .. Prg ., = Pro ., <0 means that seller
agent cheated the consumer agead his trust is reduced.

4. Experimental Results and Discussion

The model has been implemented with Repast Simphony

included in the product and simply can be extracte@7]. Three t'est'scenarios are taker) into accominest the
However, Priymiguiyis calculated based on the product itselggent behavior in the market. The first test aimsneasure

and its seller. Two important factors greduct brandand

trust about the product’s seller. Product brandcaigs how
a product is reliable and is quantified in the in& [0, 1].

The value more close to 1 represents the well-knbramds
and value closer to zero shows unknown brands. &min
brands increase the risk. Trust is another importactor

affect the risk. Lower trust about a seller wilciease the
purchasing risk from that seller. Trust is in theerval [-1,

1]. Trust has been considered since one producbeasold

by different sellers. Therefore, Rfiquy iS calculated as
follows:

the consumer purchasing differences at the maeed-l&wo
groups of consumer agents are considered with fiignt
cultural differences; however the other parametars
generated based on the same distribution for botlps.
Also, two groups of sellers exist in this test.

100 consumers are categorized into two groups. One
group represents the consumers with high unceytaint
avoidance culture and the second represents thertaimty
tolerant culture, however, the other charactedstare
generated almost the same for both groups. Peiotralts
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are generated based on normal distribution: NDpegty- In the second test, the effect of personality drait
Traits (mean = 0.5, SD=0.2) in which personalitgils = NoveltyTendncy and RiskAversion are measured ompgulp
{Quality-Orientated, = NoveltyTendency, RiskAversion,the new products in the same cultural context. [gpoups of
PriceSensitivity}. Also, the budget is generatedsdgh on consumer agents are taken into account. Uncerttoigyant
normal distribution: NDBudget(mean = 0.5, SD, 0Rach culture is considered in this test for all four gps: NQ
consumer agent purchase 50 products. (mean=0.2, SD= 0.05). Also, QualityOriented and
PriceSensivity traits are generated based on thenaio
« Group 1 (c1-c100): These consumer agents belotigeto distribution with mean= 0.5 and standard deviatidh5,
high uncertainty avoidance culture. NDUA(mean= 0.8and are the same for all four groups. NoveltyTeoyeamnd
SD, 0.05). RiskAversion are generated differently for four gps:

e Group 2 (c101-c200): These consumer agents belmng t o
the high uncertainty tolerant culture. NDUA(mean2,0 * Group 1 (c1-c50): These consumer agents enjoyitte h

SD, 0.05). NoveltyTendency and low RiskAversion personality
traits: NDNoveltyTendency(mean= 0.8, SD, 0.05) and
The two groups of sellers are as follows: NDRiskAversion(mean= 0.2, SD, 0.05).

* Group 2 (c51-c100): These consumer agents enjoy the

« Group 1 (sl — s10): These seller agents sell nedyats high NoveltyTendency and high RiskAversion persityal

of all brands. The attributes of the products aneegated traits: NDNoveltyTendency(mean= 0.8, SD, 0.05) and

based on the normal distribution: NDnovelty (mea8=0  NDRiskAversion(mean= 0.8, SD, 0.05).

SD= 0.05), NDquality (mean=0.5, SD= 0.15), NDbrand Group 3 (c101-c150): These consumer agents enpy th

(mean=0.5, SD= 0.15). Price is calculated as AVG low NoveltyTendency and low RiskAversion persoryalit

(novelty, quality, brand). It means that the highevelty, traits: NDNoveltyTendency(mean= 0.2, SD, 0.05) and

quality and brand lead to the higher price. Thdegel NDRiskAversion(mean= 0.2, SD, 0.05).

agents are honest and do not tend to cheat theirmens ¢ Group 4 (c151-c200): These consumer agents enpy th

agents. NDi (mean, SD) shows the normal distrilmutor low NoveltyTendency and high RiskAversion persagali

generating values for attribute i of each prodidean traits: NDNoveltyTendency(mean= 0.8, SD, 0.05) and

and SD are two parameters used in normal distdbuti  NDRiskAversion(mean= 0.8, SD, 0.05).

which show the mean and standard deviation of the

distribution, respectively. 20 seller agents are considered who sell all kifid o
« Group 2 (s11 — s20): These seller agents sell digitity, ~Products. The attributes of products are generagsegd on

and famous brands. The attributes of the producs aniform distribution to cover all possible inputdniform

generated based on normal distributiondistribution generates the data as follows: UDi{i0&, min=
NDnovelty(mean=0.5, SD= 0.15) NunaIity(mean:0.8O-01' max= 0.99)n represents the number of generated data,
SD= 0.05), NDbrand(mean=0.8, SD= 0.05). min and max represent the minimum and maximum badind

uniform distribution, respectively.

The results show that consumer agents of group 1
concentrates on novelty attributes of products mibi@n
other groups, while consumer agents of group 4 teraboid
purchasing the new products more than other grolps
test shows that personality influences the consumer
purchasing behavior beside cultural values. Theultes
describe that why people have different behaviolentihey
belong to the same culture and even who have batrbeed
in the same families. Table 2 shows the averagmeélty of
products purchased by different consumer agentpgrou

Table 1 represents the average result of 10 ruesuli
show that consumer agents who belong to the urncrta
tolerant culture are open to purchase the new pisdé\s
can be seen in table 1, consumer agents of unugrtai
tolerant culture have bought more products fronteselof
group 1. On the other hand, consumer agents whangpeb
the uncertainty avoidance culture do not take tasigurchase
the new products when they have not any knowledigeita
them. These consumers concentrated on productsdptbv
by sellers of group 2 who sell high quality and éars brand

roducts.
P Table 2. Average of Products Novelty Purchased by Each

Table 1.Average of Consumer Purchases from Each Seller’s Consumer Group

Group

Group 1| Group 2| Group 3| Group 4

Purchase from Purchase from

Consumer Agents Seller Agents: Seller Agents: Average of
Group 1 Group 2 Products 0.899 0.713 0.651 0.487
Novelty
Group 1:
Uncertainty 16.7% 83.3%

In the third test, we show how the trust plays ftbie in
consumer purchasing behavior. Therefore, two groofps
Group 2: seller agents are considered in which the selleeme group
Uncertainty Tolerant 64.2 % 35.8% tend to cheat the consumers. They offer high quptibducts
but deliver the low quality ones.

Avoidance
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e« Group 1 (sl — s10): These sellers offer high ggalitconsidered in consumer agent. Our experimental ltsesu
products and deliver low quality products. Theiltites shows that consumer agents belong to high uncgrtain
of the products are generated as followsavoidance culture tend to purchase famous brandakedhe
NDquality(mean=0.8, SD= 0.05), NDbrand(mean:O_S?CtionS with lowest risks. On the other hand, coreuagents

SD= 0.15), NDnovelty(mean=0.5, SD= 0.15). HoweveWho belong to high uncertainty tolerant are moreropo
they deliver the product with quality g-r, in whictis a 2dopt the new products and technologies. Also, heaved
random value in the interval [0, 1]. how personality makes some individual differences i

e Group 2 (s11 — s20): These sellers offer and dehigh consumer purchasing behavior.

: . In the current version of the paper we took onle on
quality products. The attributes of the producte &culture dimension into account according to theivadibn of

genberat(;d as fSHOWS: NE)quallty(mean=0.2?, SD= %Oskhe current study; however, other dimensions ofucelplay
ND_ran (mean=0.5, SD= 0.15), NDnove ty(mean—O.Ebery important role in consumer purchasing behavitle
SD=0.15). would suggest modeling the other dimensions ofucalin

) ) consumer behavior as future work.
200 consumer agents are considered in the markeh E

consumer agent tends to purchase 50 products. r€dnd
personality of the consumer agents are generatsedban References
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