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Abstract 
The Internet has provided possibilities to place products and services for sale 
regardless of geographical factors. People can enter the market and advertise 
products anonymously, and buyers have to screen potential sellers by 
observable information. Lack of perfect information results in uncertainties 
in the markets that may cause imperfect market outcomes.  
 
This literature review examines uncertainties that occur in online markets 
provided by a third party. In this paper, it will become apparent for the reader 
that information asymmetries appear in markets where physical limitations 
prevent agents from perfectly examining products before purchase. I am 
going to show a different kind of uncertainty mitigators and their 
effectiveness on information asymmetry. This paper will explain why some 
signals are beneficial and others are not. In the end, an examination of the 
empirical study is going to prove that physical limitations have an impact on 
prices. This paper also shows that buyers do use fairly efficient ly information 
that is available at a low cost. Therefore, features that determine online 
transactions lie pressure over third-parties and sellers to convey all the needed 
information cost-effectively for themselves and buyers. 
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1. Introduction 
The modern world and the conception of its future have been heavily 
modified since the Internet became available for a significant population in 
industrial countries. Classic brick and mortar retail stores face increasing 
competition when a surged number of people are granted availability into 
online markets. Today the variety of products sold online is enormous what 
makes studying them fascinating. Indeed, the fascinating aspect of online 
trade is the number of products exchanged and the characteristics that make 
online purchasing unique. I am going to write a literature review where I 
examine the problems that are featured in e-commerce.  
 
Typical characteristics for online trade are that the buyers cannot inspect the 
product by hand before the purchase. This results in buyers' lack of 
information about the quality of the seller's goods and intentions. These 
characteristics force buyers to form beliefs and expectations about the 
product's quality and seller’s trustworthiness from the information they have 
access to. This composition may lead to unwanted situations if high-quality 
product sellers cannot credibly convey the information towards the 
customers. (Lacko, 1986) 
 
Since the 1970's when George A. Akerlof presented his “Lemon” model the 

potential adverse selection is widely recognized in markets with asymmetric 
information. (Lewis, 2011) Lewis continues pointing out that online 
transactions typically have strong one-sided information. This feature lays 
pressure over good quality product sellers and third-party stakeholders to find 
solutions to mitigate asymmetric information and opportunistic behavior in 
the markets. (Dimoka et al., 2012) 
 
Arise of information asymmetries have similar occasions regardless of the 
type of online transaction. The main uncertainties that the buyer faces when 
purchasing products online arises from the fact that they cannot inspect the 
quality of the product or social cues from the seller. There is a lot of divisional 
features in online markets such as transaction type (e.g., auction) , seller's 
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characteristics (private -or commercial seller), and of course, the marketplace 
where the products are placed for sale (e.g., companies own websites, third-
party marketplaces). In this paper, I am leaving out the influence on 
uncertainty by the type of transaction used.  
 
Differentiation is needed when studying the choice of information asymmetry 
mitigators used by the sellers. I will concentrate on examining online markets 
that take place in marketplaces provided by third-party stakeholders. Standard 
features for such market-platforms supplied by third parties have coincided 
occurrence of private- and commercial sellers. I will not make the difference 
in this paper between new and second-hand products that are also 
coincidently sold in such a marketplace. Examples of these marketplaces are 
Amazon, eBay in addition, there is a lot of third-party provided marketplaces 
that are devoted to a specific product category such as cars (e.g., nettiauto). 
This paper will use cars as an example product to capture the essence of 
asymmetric information. In the future, when using cars as an example, I am 
denoting all third-party provided marketplaces broadly unless told otherwise. 
 
 I am referencing and continuing literature where uncertainty is studied 
affecting buyers purchasing decision and sellers price premiums. To 
understand purchasing behavior where uncertainty is strongly affecting, I am 
going to go through signaling theory, specifically in an online environment.  
To begin with this study, I will start with the economic framework from 
Akerlof and determine aspects like uncertainty, which focus varies between 
different researches. After clarifying concepts, I will be opening studies from 
Dimoka et al., and Mavlanova et al., discussing uncertainty mitigators. 
Towards the end, I will concentrate more on real-world examples and online 
signaling. At the very end, I am going through an empirical study that 
examines price discontinuities in online car markets by Englmaier et al,. 2013. 
2. Economic Framework (“The Market for Lemons”) 
In 1970's George A. Akerlof published his revolutionary research, "The 
Market for Lemons," which focused on the relationship between quality and 
uncertainty and their effects on the market mechanism. His study's basic idea 
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was that there are many markets where buyers evaluate the quality of goods 
with general statistical information. Meaning that buyers cannot determine if 
the specific item or service they are interested in is a good quality product or 
service. In such a market's buyers rely mainly on the common understanding 
of the average quality of the goods they are interested in. This may cause 
unfavorable situations since sellers may have an incentive to provide low 
quality merchandise to enjoy higher price premiums. Opportunistic behavior 
lowers the average quality of goods in the market with the possible market 
size reduction outcome. Even though Akerlof's research appeared before 
online markets were existing where this paper focuses on, Akerlof's research 
has been ground theory for more advanced and focused research over the 
topic.  
 
Akerlof uses the model with automobiles as an example in his research, which 
alone makes it interesting for me since this study uses online car markets as a 
real-world example. Cars are a perfect example to capture the basic idea of 
information asymmetry. “Over time to time one hears either mention of or 

surprise at the large price difference between new cars and those which have 
just left the showroom.”(G. A. Akerlof, 1970) There may be many 
nonscientific justifications to this phenomenon but Akerlof provides a 
different explanation. 
 In Akerlof's example, he clarifies the problem assuming that there are only 
four kinds of cars in the markets. New cars and used cars and further on new 
car’s quality can be either a good or a bad and same division is used for the 
old cars. Buyers entering the market are not informed whether the car they 
are interested in is a good car or a bad car. They only became informed about 
their purchase's true characteristics after a period of time when they have 
tested out the product in real action, in this case, driving the car for a while.  
Individual buyers only know the quality distribution of cars in the market. In 
advance, buyers understand that with probability q, the quality of a bought 
car will be high and with (1-q) low. The paper's issue is that when not 
knowing whether the car will be good or bad, they must sell at the same price. 
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This is a problem that may create issues in markets. Asymmetric information 
provides sellers the possibility to act opportunistically. 
 In Akerlof's research, all the buyers are assumed to act rationally and 
maximizing utility with given probabilities. That said, the expected value may 
undercut the price that sellers with high-quality products are willing to give 
up the product, and they will exit the market (adverse selection). In advance, 
such an occasion will drive out rational buyers since they know that there are 
only low-quality products left in the markets. 
As mentioned earlier, Goerge A. Akerlof's research came public way before 
there was even a discussion of online markets. Regardless, I find that the 
paper "The Market for Lemons" is a natural framework to use in this paper 
because it provided a new perspective over the uncertainties in the markets. 
Akerlof's study examined and presented the effects of adverse selection and 
moral hazard, which has been applied later on in more detailed studies . 
Akerlof’s presented framework has had a significant impact on literature 
covering asymmetric information. Therefore, I saw it suitable as my 
economic framework despite being interested in online markets. 
3. Uncertainty 
In this paper, I focus on the uncertainties that occur when purchasing goods 
from marketplaces provided by third-parties. The main reason for this 
selection, which will be discussed in more detail later, is the difference in 
uncertainty mitigators between third-party marketplaces and private e-store 
websites. E-stores and marketplaces are different more or less in every aspect 
compared to traditional stores where buyers can observe the product by hand 
before the purchase. Those divisional characteristics are the time lag between 
purchase and delivery lag and, in advance, the distance gap (Mavlanova et al., 
2012). Meaning that the buyers are not informed if the purchase were the right  
choice until they have received the product since they must rely on the 
information they find online or in the e-store.  
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As in the (Mavlanova et al., 2012) paper is stated “Uncertainty associated 

with online purchases leads to two information asymmetry problems: adverse 
selection and moral hazard.” The uncertainty varies between different 

situations and is dependent on the objective, and the overall knowledge buyer 
possesses. To fully understand possible outcomes in online commerce where 
information is strongly one-sided, we must find and define the uncertainties 
buyers are facing when committing in online markets. In order to continue 
with a more sophisticated analysis, we have to determine the difference 
between risk and uncertainty that are commonly misunderstood as the same.  
 
In their paper Dimoka et al., 2012 stated that uncertainty differs from risk in 
terms of probabilities. “While both uncertainty and risk deal with partial 

information uncertainty deals with subjective probabilities, whereas risk is 
estimated with a priori calculable probabilities." (Dimoka et al., 2012) 
Uncertainty arises from the environment in which future stages cannot be 
predicted due to a lack of information (Salancik & Pfeffer, 1978). I interpret 
risk as to the probability of future outcomes in an environment where the 
information is fully available.  
  
In online markets, buyers attempt to reduce uncertainties and seek out 
personal information about the product and the seller. In pursuance of taking 
a closer look at uncertainties in online markets, Dimoka continued defining 
rise of uncertainties to be divided for products and sellers. (Dimoka et al., 
2012) 
3.1 Product and seller uncertainty 
As discussed earlier, the Internet provides limitless opportunities to buy and 
trade goods and services by removing geographical boundaries between 
stakeholders. E-commerce platforms have their own limits as well. Physical 
separation prevents buyers from acquiring observable social cues from 
sellers. (Dimoka et al., 2012) From that follows the rise of seller uncertainty 
due to sellers' hidden personal characteristics (adverse selection), which 
increase buyers' fears of opportunistic behavior (moral hazard). (Dimoka et 
al., 2012; Pavlou et al., 2007) 
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In transactions such as cars sold online, buyers always face a certain amount 
of uncertainty about the seller's possible opportunistic behavior. However, 
uncertainty may also arise from an honest seller since the seller may be unable 
to perfectly describe how the product will perform in the future.(Dimoka et 
al., 2012) Description Uncertainty (adverse product selection) can result from 
the seller’s inability to describe products' true characteristics due to  
technological limitations. (Dimoka et al., 2012) On the other hand, 
performance uncertainty (product hazard) can result from the seller's 
unawareness of all hidden problems the product has (e.g., not all the sellers 
are mechanics). (Dimoka et al., 2012) 
 
Dimona is proposing that the buyer's product uncertainty is distinct from 
buyer’s seller uncertainty.(Dimoka et al., 2012) Due to the characteristics of 
e-commerce, the seller mostly describes the product, it is intuitive to expect 
that seller uncertainty affects product uncertainty. (Dimoka et al., 2012) In 
sum, sellers that are deemed by buyers to be uncertain are more likely to 
hamper buyers attempts to reduce their product uncertainty. (Dimoka et al., 
2012)  
3.2 Mitigating uncertainty 
Literature covering information asymmetry has shown that buyers with 
imperfect information are commonly worse (Dimoka et al., 2012; Smallwood 
& Conlisk, 1979), dropping the average quality of the market. 
(Dimoka et al., 2012; Hendel, Igal; Lizzeri, 1997). Since imperfectly 
informed buyers tempt to discount prices(Dimoka et al., 2012; Smallwood & 
Conlisk, 1979), sellers must convey reliable information to buyers to avoid 
discounted offers. In advance, understanding both parties of the trade and 
their actions to gain access to private information signaling theory becomes 
useful. (Connelly et al., 2011) 
 
Information signals are viewed in literature as an intention to reduce 
uncertainty and also facilitating decision making under uncertainty. (Urbany 
et al., 1989) Since in online markets, uncertainties mainly arise from sellers, 
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buyers have to receive and adjust their decisions based on signals observed. 
That said, characteristics in online commerce lay pressure over the sellers. 
First, information signals must be visible and clear to receivers to easily 
acknowledge that personal information has been leaked. (Akshay R. Mao & 
Kent B. Monroe, 1989) Second, the information signals have to be credible 
in order to gain trust among buyers.(Akshay R. Mao & Kent B. Monroe, 
1989) And third, signaling must be costly enough to avoid moral hazard in 
the markets. (Akshay R. Mao & Kent B. Monroe, 1989)  
 
The cost of signaling is a relevant factor in signaling theory. With signaling 
costs in this paper, I denote a broad perception of costs. Costs can be thought 
of as the time and effort that are consumed writing product description, or  
cost can be direct monetary investments (e.g., third-party verifications) to 
mitigate asymmetric information. (Dimoka et al., 2012) Possible punishments 
(e.g., statutory, loss of customers) from false signaling are also considered a 
signaling cost in this paper. Signaling theory explains the relationship 
between qualities and prices, providing insights into why some signals are 
beneficial and others are not. (Mavlanova et al., 2012)  
4. Online signaling 
Online markets have attributes that make them attractive to various sellers. 
Relevant characteristics in terms of adverse selection are low entry and exit 
costs. Therefore, in online markets will always occur different types of sellers 
providing products and services polarizing product quality distribution. Since 
buyers are typically risk-averse (Kahneman & Tversky, 1984), they are more 
likely to value the potential products on the low side. (Dimoka et al., 2012) 
As mentioned in chapter 2, if high-quality sellers cannot credibly convey their 
personal information about the quality to potential buyers, will all the 
products from quality distribution be valued as the same. Accordingly, 
literature has answered, providing insights into online signaling. Next, I will 
be reviewing and combining a couple of studies that clarify different signals 
and their effectiveness in online commerce. 
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Online shopping consists of three phases that are pre-purchase, purchasing, 
and post-purchase. (Mavlanova et al., 2012) Different signals used in certain 
phases aim to either mitigate product- or seller uncertainty (adverse selection 
and moral hazard).(Mavlanova et al., 2012) Also, signals can be divided into 
external and internal signals that have their own characteristics. (Mavlanova 
et al., 2016) A broad division for external- and internal signals provides 
possibilities to continue differentiating them into smaller, measurable 
components. External signals denote signals provided by third-party 
stakeholders and are typically more costly to use but easier to verify as a 
buyer.(Mavlanova et al., 2016) While the seller decides the decision of 
external signaling usage. With internal signaling, I denote specially those 
signals made by the seller (e.g., product description). They are characterized 
as more difficult to verify as a buyer, but on the other hand, producing them 
often requires lower investments. (Mavlanova et al., 2016) 
 
 In Mavlanovas et al. study from 2012 they proposed a three-dimensional 
framework for signals in e-commerce, which are the following: time, cost, 
and ease of verification. In 2016 Mavlanova et al. presented their study that 
differentiated external- and internal signals by their cost and ease of 
verification. I will continue using the framework from Mavlanova et al. 
(2012), which is presented in the Table 1. In addition, I will be adding 
Mavlanova et al. (2016) differentiation of external- and internal signals into 
division. 
 
Table 1. Characteristics of signals. (Mavlanova, T., Benbunan-Fich, R. and Koufaris, M. (2012), 
“Signaling theory and information asymmetry in online commerce”, Information and Management, Vol. 49 No. 5, 

pp. 240–247.) 
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As mentioned in chapter 3., I narrowed the focus of this paper to examine 
uncertainties in third-party provided marketplaces. By doing this limitation, I 
can leave out several factors about seller uncertainties in pursuance of taking 
a closer look at product signaling. With this division, this paper is not taking 
a stand on website features that may affect buyers' trust towards the seller. To 
make examples of this paper clearer for the reader next, I will present the 
assumptions I use in this paper. The "general purchase pattern" assumption is 
useful for the reader to understand when examining signaling differences. 
4.1 Purchase pattern assumption 
When buyers commit to buy goods online, they typically look for a specific 
product or product category that satisfies their needs. Next, I will be going 
through an example that can be considered a typical buying pattern in online 
car markets. Also, the presented assumption will apply to the empirical study 
I examine later in this paper. 
 
Cars are high-cost durable goods that include a lot of uncertainties pre-
eminently in online markets. The high price and the longtime of use cause 
buyers to examine cars more carefully, and they are more sensitive to "bad 
signaling," which makes cars a perfect example product. 
 
The buyer has chosen to buy a car and decide that third-party provided online 
marketplace (eBay, nettiauto etc.,) is the most suitable market for their needs. 
The buyer has beforehand limited his/her research to a broad category of cars, 
which can be, for example, make, model, or just the price range they can 
afford to.  At first, they will enter the online marketplace where they often 
can limit their search with different parameters such as make, model, year of 
manufacture, and the price range.  
 
After buyers have done their research with limited parameters, they are shown 
different car offers provided by different sellers (the seller may have multiple 
offers simultaneously). At this point, pre-purchase signals become observable 
to buyers. Buyers have to evaluate which offer/offers are the most attractive 
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in terms of product and seller related signals. After pre purchase evaluation, 
buyers typically have multiple potential offers on the "table" to compare. 
 
During purchase, buyers inspect the signals from the product and seller more 
closely. They take more detailed inspection of information about the seller 
and the product quality in advance, continuing for bidding (auction 
transaction) or purchasing product. (Mavlanova et al., 2012)  Mavlanova et 
al., continue that after the actual purchase occurred, post -purchase signals 
become observable for buyers. The purpose of post-purchase signals is 
mitigating the buyer's cognitive dissonance (B. G. A. Akerlof & Dickens, 
2016). Some of these signals may be delivered to buyers after the actual 
product delivery. 
 
At last, I want to make a statement about the seller's choice of marketplace. 
A seller who wishes to sell their products on these third-party marketplaces' 
first decision is to decide which is the most suitable marketplace to place 
products on sale. One can think the choice of the marketplace to be a "basic" 
external signal. However, in this paper, I am not going to take into count the 
choice of marketplace. 
4.1 Pre purchase 
A broad notation for pre purchase signals includes all spending’s on product 

announcements to increase customers' willingness to transact by conveying 
their quality as merchants and the quality of their products. (Mavlanova et al., 
2012) The dividing line between pre-and during purchase signals is volatile 
in online markets that take place in third-party marketplaces. The volatile 
division arises from questions such as what can be argued as the sale offer 
description (or picture) and in advance, what can be considered as the product 
description. As mentioned in the previous "typical online transaction patter" 
chapter after customers make the limited search will the pre-purchase signals 
become observable. I consider all the observable information before entering 
the specific seller's site as a pre-purchase signal.  
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Displayed contact information is considered to be low-cost and easy to verify 
since the name, address, phone, or Email is relatively easy to confirm with 
quick research. (Mavlanova et al., 2012) Mavlanovas et al., 2012 continues 
presenting physical stores (commercial sellers) as an example of high-cost 
and easy to verify contact information signal. The rest of the presented high-
cost and easy-to-verify signals in Mavlanovas et al., 2012 paper are more 
applicable to sellers’ personal, commercial websites where this paper does 
not have a focus on. 
Mechanisms designed to support information flow from the actual purchase 
to the time the product is received include sellers Privacy, Return, and 
Security Policy statements (Mavlanova et al., 2012). For example, these 
include sellers' statements about the payment methods (e.g., credit card logos , 
financing contracts) or possible return policies. Mavlanova et al., 2012 
describe these signals as low-cost but difficult to verify.  Previous low-cost 
difficult-to-verify signals also have characteristics that divide them into 
internal- and external signals. I argue that presenting universally recognized 
logos etc., in the pre-purchase phase should be considered an internal signal 
but offering, for example, financing contracts an external signal.  
4.2 During purchase 
Purchasing signals become observable after the buyer has done a limited 
search and continued to the seller's site (Mavlanova et al., 2012).  In 
Mavlanova’s et al., paper information conveyed with purchasing signals 
consists of information about payment mechanisms, product delivery, and 
actual product quality claims.  
During purchase, buyers have initially shown interest in the product and 
seller.  Payment mechanism signals are considered easy to verify, but they 
have different costs depending on the signal displayed. (Mavlanova et al., 
2012) When entering the payment section, it is relatively easy to verify 
whether the transaction is secure by looking at the URL in the browser 
(Mavlanova et al., 2012).  Payment methods instead (e.g., PayPal, Google 
Checkout, credit card payments, etc.) can be easily verified from the 
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provider's website. Still, they cost more since merchants have to pay 
transaction fees (Mavlanova et al., 2012). 
Often, buyers enter what this paper calls " the purchase phase" to gain more 
information about the seller and product quality. The seller was rarely able or 
even willing to include all the specific information about the product quality, 
delivery time, and shipping methods in the previous stage. In segments such 
as car markets where the product has many personal details that take a lot of 
space to display, claims about the product's detailed quality (descriptions, 
pictures, etc.) and detailed shipping method and delivery date are relatively 
cheap to produce but are verifiable only after the product is delivered 
(Mavlanova et al., 2012). The majority of seller's claims about the product 
and shipping can be thought of as an internal signal. However, suppose 
shipping is claimed to be done by some trusted third-party provider. In that 
case, it can also be seen as an external signal that is also verifiable only after 
the product is received. 
There are some high-cost signals that are difficult to verify, and commercial 
sellers more often use them. Those signals may include cash backs and 
coupon redemption possibilities (Mavlanova et al., 2012), but I do not see 
them relevant in car markets. In-car markets, high-cost difficult to verify 
signals can be some third-party certificates that validate car quality claims. 
Again, their verifiability can only be seen after product delivery.  
4.3 Post purchase 
The final phase of online signaling from the categorized division by 
Mavlanova et al., 2012 is post-purchase signaling. After the actual purchase, 
the purpose of signaling is to reduce buyer's cognitive dissonance, as 
mentioned earlier. A common post-purchase signal is Email confirmation, 
which is easily verified by the buyer (Mavlanova et al., 2012). Producing 
Email is almost free, and Mavlanova et al., 2012 states that even if it is not 
possible to verify the sender's identity or the message's accuracy. "The mere 
presence or absence of confirmation may serve as a signal of seller quality" 
(Mavlanova et al., 2012). Confirmation of the successful transaction can be 
made by the seller and then considered an internal signal. Although, when the 
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seller has decided to use a third-party provided payment mechanism, the 
verification of a successful money transaction is often sent by the provider 
and will be considered an external signal. 
 
Post-purchase signals that are high-cost and easy to verify in Mavlanovas et 
al., 2012 paper are said to include order tracking information. Shipment 
method claims can be linked from the previous stage and are possibly 
verifiable before the purchase is delivered. In order to use signals such as 
order tracking information, sellers have to invest either on an application that 
follows the order. Or sellers have to use some shipping company that uses 
tracking information which costs often more than traditional shipment 
methods.  
 
After the actual purchase, buyers have normally overcome the product 
uncertainties since they continued to buy the actual product. Therefore, in the 
post-purchase phase, buyers mainly face seller uncertainties (moral hazard), 
which can be mitigated by incentives (Mavlanova et al., 2012). 
5. Empirical study examining information processing in third-party provided marketplace 
In 2013 Florian Englmaier, Arno Schmöller and Till Stowasser examined 
empirical data collected from Germanys online vehicle market platform 
mobile.de. The data consisted of more than 80,000 used car offers and the 
purpose of the study was to evaluate whether individuals efficiently aggregate 
all the observable relevant information and make unbiased decisions. Their 
study identified value adjustments for identical cars with only difference in 
year-count changes. They propose that individuals over-react to the figure 
displayed in the latter (pre-purchase signal phase) and underrate the more 
detailed information on the car's age (the month of first registration).  
 The study was able to confirm findings from Lacetera et al., (2012), finding 
discontinuous drops in prices at 10,000km odometer thresholds. Giving an 
example from the paper, cars with odometer values between 59,500 and 
59,999km have only a slight decrease in price compared to cars with 
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odometer value 59,000 and 54,499km. In turn, cars with odometer value 
60,000-60,499 price drop from 59,500-50,999 is substantially larger. 
Englmaier et al. 2012 propose that discontinuities regarding to the odometer  
can be explained with a model of left-digit bias (Lacetera et al., 2012). 
Discontinuities between a car first registered in December (e.g., 12/2005) and 
January (e.g., 1/2006) cannot be explained with left-digit bias model. In order 
to explain this phenomenon, Englmaier et al., 2012 propose a model of 
(rational or heuristic) search cost. The model is based on the design of the 
search interface where buyers are led to search within pre-specified search 
limitations. 
5.1 Data Description 
Englmaier et al., 2012 collected more than 80,000 cars offered during July 
and August 2009 on the online vehicle market platform  mobile.de.  
Mobile.de provides a platform for both sellers to place advertisements for cars 
(new and used) against a small fee and a free comprehensive search tool for 
buyers to screen products they are interested in. After entering the website, 
the buyer will be displayed a simple search form, which allows buyers to filter 
cars with different parameters (e.g., make, model, year of manufacture, e tc.).  
In addition, a detailed search form can be reached in order to have a larger 
additional set of filters options. However, the date of first registration only 
allows to filter for the vintage, namely the year of first registration. Note, that 
it is not possible to adjust the search for the precise month of the first 
registration. 
Englmaier et al., 2012 included car models from four leading German makes. 
Specifically, the collected information was from 29,097 Volkswagen (VW) 
Golf, 14,693 Opel Astra, 25,582 BWM 3 and 17,901 Audi A4, that was all 
advertised as accident-free and their first registration dates were between 
01/2000 and 12/2008. The two main reasons for their subsample were, first 
high-stock for a specific model ensures a sufficiently large number of 
observations. Second, considering models from different makes achieves a 
board diversification. 
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In order to gain meaningful estimates of the influential attributes, Englmaier 
et al., state that they have to accurately control for potential model revisions 
since the introduction of a new series within a particular car model has a 
substantial effect on prices. To possibly take model revisions in to account, 
detailed knowledge of each model is sought from the manufacturers' websites. 
In addition, different variants within a model series (e.g., limousine, estate car 
or compact car) is taken to account by distinguishing five- and three door 
versions, excluding convertible cars and adding a set of main attributes as 
control variables. "In this way, we capture a substantial share of the variation 
in the price within a series and are thus able to obtain precise estimates of the 
influential factors.” (Englmaier et al., 2013) 
Since, in general, numerous factors affect cars prices such as age, odometer 
reading, fuel-type, and power. An individual car's value depends on extra 
equipment (sun-roof, seat-heating, etc.). Englmaier et al., 2013 had to collect 
a large number of features along with the stated price and the month and year 
of first registration in order to control quality differences. Extras such as sun-
roof seat-heating and model differences (door-count, fuel type) are taken in 
to control with dummy variables.  
To create new variables to complete empirical analysis Englmaier et al., 2013 
stores the month and year of first registration in the variables fr_month ∈ [1, 
12] and fr_year ∈ [2000, 2008]. The latter are constructed to the measure 
totalage = 12 · (2008− fr_year) + (13−fr_month) ∈ [1, 108] which is the 
precise age of a car in months. Overview of corresponding summary statistics 
for VW Golf series IV and V are shown in the Table 2. 
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Table 2. Summary statistics VW Golf. Englmaier, F., Schmöller, A., & Stowasser, T. (2013). 
Price Discontinuities in an online used Car Market . 

 
A few notes from Table 2., One can see from the table that most cars in both 
series have a manual gearbox, metallic paint, and five doors. In addition, 
diesel cars, seat heatings, all-wheel drives, and cruise control are seen more 
frequently in newer series. Also, the major seller type is a professional car 
dealer. Correlation analysis for price has no big surprises, correlation 
coefficient with totalage (ρ = −0.85), and mileage (ρ = −0.78). The other 
way round, power (ρ = 0.45), diesel (ρ = 0.11), five-door (ρ = 0.16), and the 
rest of the extras are highly positively related to the price. The color -dummy 
is added since it is noted that the car's color affects price (not reported for the 
sake of clarity). Last notes from the data, prices are approximately normally 
distributed, and milage is pretty evenly distributed. 
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5.2 Graphical Analysis 
Englmaier et al., 2013 begin their empirical analysis by plotting the raw price 
data as a function of cars age. Within every year, average prices decline 
almost lineary, but they were able to systematic patterns of discontinuities 
between years for all cars at least 2 years old. "These results suggest a role 
for limited attention in this market". (Englmaier et al., 2013) 
Next, Englmaier et al., 2013 plot raw price data as a function of cars mileage. 
Average prices decrease with mileage, but when they focus on the segment 
where the highest number of cars, they find clear discontinuities in average 
prices at every 10,000km mark. Again, their paper states that the results 
suggest a role for limited attention in the market. 
5.3 Regression Analysis 
The previous graphical analysis presented the existence of price  
discontinuities at year changes for the 10,000 odometer thresholds and at year 
changes for the month of first registration. Englmaier et al., 2013 
implemented regression discontinuity design by (Lee & Lemieux, 2010) 
using the stated price for cars as the dependent variable. 
Establishing the effects of crossing a year threshold, Enlgmaier et al. control 
the actual age, the mileage, and other characteristics such as model, make and 
extras, etc. by means of a fifth-order polynomial. The results of the regression 
are presented in the Table 3. 
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Table 3. The impact of year discontinuities on price. Englmaier, F., Schmöller, A., & 
Stowasser, T. (2013). Price Discontinuities in an online used Car Market . 

 
The first column states whether the car has crossed a given year threshold. 
Note that all the coefficients are significant in the first column, and the 
estimates are all negative. In column 2, Englmaier et al. add a fifth-order age 
polynomial, which affects significance, size, and sign of estimated 
coefficients. In column 3 and 4, there is added control variables that have an 
increasing effect on R^2. Regression results imply systematic price 
discontinuities on passing a year threshold after controlling age and other 
observable features.  
Next, Englmaier et al., 2013 established the effect of passing the mileage 
threshold with control of the actual mileage by mean of  third-order 
polynomial and taking features like make, model, and special equipment into 
account. There are also previously added indicator variables in regression to 
clear out the discontinuous changes in prices in a particular threshold. 
Regression results are presented in the Table 4. 
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Table 4. The impact of mileage discontinuities on price. Englmaier, F., Schmöller, A., 
& Stowasser, T. (2013). Price Discontinuities in an online used Car Market . 

 
With given sizeable N, the coefficients are generally statistically significant, 
and almost all coefficients are negative ("how they should be"). In column 2, 
adding third-order mileage polynomial have again, the effect on significance, 
size of coefficients, and also in the sign of coefficients. Again, the results 
indicate that threshold indicators are a proper approximation for the 
continuous polynomial. Also, in regression for measuring the impact of 
milage discontinuities on price, adding control variables for car features 
(column 3) and car model fixed effect (column 4) have an increasing effect 
on R^2. Englmaier et al., 2013 concluded that large and systematic price 
(negative) discontinuities exist on crossing the 10,000km threshold. 
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5.4 Model of costly search 
The empirical study results display interesting facts about the systematic 
failure to recognize the true characteristics of a product even though 
customers pay a lot of attention to the car overall. Englmaier et al., 2013 
suggest by intuition that individuals evaluate cars relative to the average car 
from the same year. This may lead to neglect of relevant information from the 
cars that are more close-by the actual age, which can be one explanation for 
discontinuities. 
 An illustrative example is given by Englmaier et al., 2013, which is the 
following. An agent has to evaluate a car with given attributes. The car is first 
registered in 12/2006. How much to bid for the car keeping all else equal? 
Agent should compare the prices for cars with close-by total age (a couple of 
month variation) 09/2006, 03/2007. The agent should be able to screen a large 
number of cars. The user interface design and the deficient search tool system 
may be one source of physically preventing buyers from efficiently aggregate 
information. 
Think of a risk-neutral agent j who is willing to evaluate a particular car 
i=(yᵢ,mᵢ,Xᵢ), where yᵢ ∈ {2000, ..., 2008} denotes its vintage, m ᵢ ∈ {0, ..., 12} 
the month of fist registration, and Xᵢ all the other attributes of the car. The 
total age in day: aᵢ= 12 ∙ (2008- yᵢ) + (13-mᵢ). For given values of Xᵢ = X̅, 
individual j’s value estimate for car i independence of its age attribute can be 
displayed in the following function.  

Eⱼ[vᵢ := (1-π (cⱼ) )· v̅ᴶᵧ +π (cⱼ) · vᴶₐᵢ 
v̅ᴶᵧ denotes value of average car in age-group y, and vᴶₐᵢ buyers’ precise value 

for car i. For the sake of clarity, v̅ᴶᵧ is commonly available for no cost. cⱼ 

denotes for buyers search cost. Buyers value estimate is a convex combination 
of the average value and buyers’ true value where the relative weight π (cⱼ) is 
a function of buyers search cost.  Buyer can learn with screening the market 
withing age-range aᵢ and increase the weight π(∙) on his/her true value for car 
i and gain more precise estimates. Convex weighting function π (cⱼ) is 
assumed to have the following properties. 
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lim
𝑐ⱼ→∞

→  𝜋(𝑐ⱼ) = 0 
lim
𝑐ⱼ→0

→  𝜋(𝑐ⱼ) = 1 
π’(cⱼ) < 0 ∀ cⱼ ∈ R ⁺₀ 

First, if search cost is large such that π(cⱼ) = 0 will the j’s valuation reflect the 

average value v̅ᴶᵧ. Second, with given cⱼ suppose that π (cⱼ) < 1. When vᴶₐ > 
v̅ᴶᵧ will the buyer’s true value for the car be higher than the estimate. On the 
other hand, when vᴶₐ < v̅ᴶᵧ will the estimated value be higher than the true 
value. The buyer with the least precise estimate will determine the final price. 
Finally, if there is no search cost will the buyers fully learn their precise value. 
In the Figure 1., all the cases are demonstrated.  
 

 
Figure 1. Expected Valuation in Dependence of Search Costs. Englmaier, F., 
Schmöller, A., & Stowasser, T. (2013). Price Discontinuities in an online used Car Market . 
The estimates should become more precise for lower search cost c’ⱼ < cⱼ, since 
π (cⱼ) < π (c’ⱼ). The data used in Englmaier et al., 2013 paper is consistent with 
the model that includes intermediate search costs, 0 < π < 1, which is 
sufficient to cause discontinuities between two sequential vintages.  
6. Conclusion 
In this paper, online signaling theories and empirical applications are 
combined to gain a more advanced understanding of online markets where 
uncertainty affects decision-making. The paper leads the reader towards real-
life examples of how the information is ineffectively conveyed due to user 
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interface limitations. Uncertainties that take place in online markets are 
mainly mitigated by imitating classic brick and mortar retail stores. This paper 
demonstrates a lot of examples of possible uncertainty mitigators, but the 
importance of user interface and the cost of the search were the latest 
discoveries that were shown to create price discontinuities in the third-party 
provided marketplace. I believe this paper will work as a background 
literature review for more sophisticated and applied studies to extend the 
literature on online information asymmetries. 
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