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Abstract

This paper considers three hypotheses about the strategic origin of price dis-

persion in homogeneous product online sales. The first two are the ε-equilibrium

and the quantal-response equilibrium (QRE) in a pure Bertrand setting involving

the boundedly rational behavior of sellers. The third introduces the share of loyal

consumers into the model of competition. These hypotheses were supported by

estimations on experimental lab data. We test the hypotheses on a set of real

prices for 30 models of household appliances collected from the largest Russian

online marketplace Market.Yandex.ru. In contrast to the previously reported

experimental data, we found very limited support for any of these explanations.

QRE showed the best performance on the data. For most of the products it ac-

curately predicts central tendency, i.e. the mean and the median. However, the

shape of the observed price distributions is not explained well by any of the mod-

els. These results pose new challenges for theoretical explanations of observed

Internet prices.
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1 Introduction

The large price dispersion in Internet sales of homogeneous goods is a steady but

still unexplained phenomena. While theoretical analysts originally expected perfect

competition in these markets, experimental studies reported enormous price variations

which remain over time [Baye and Morgan, 2004], [Gorodnichenko et al., 2018].

Most research in this field focus on understanding heterogeneous consumer shop-

ping behavior. This line is inspired by the theory of consumer’s search behavior

([Stigler, 1961]) and variation in strategies caused by varying costs and access to in-

formation about offers ([Salop and Stiglitz, 1977] and [Varian, 1980]). However, the

strategic competitive behavior of e-shops seems to be one more source of observed

price diversity. The common belief [Baye et al., 2006], [Baylis and Perloff, 2002],

[Pan et al., 2004] is that the large price dispersion must be an equilibrium phenom-

ena, but the mechanism is unclear.

In this paper we take three hypotheses about the principles underlying the be-

havior of online competitors theoretically developed in [Baye and Morgan, 2004], and

[Morgan et al., 2006], and test them on price data from price-comparison site Mar-

ket.Yandex.ru. Our dataset includes complete price lists for 30 popular models of

household appliances available from July to October, 2015. The prices at every mo-

ment show large dispersion according to three measures, which are the coefficient of

variation, the relative price range, and the gap between the two minimal prices.

The Bertrand framework is common for modeling online competition, this is even

more reasonable in the presence of price-comparison platforms. Under the classical

Bertrand model, the explanation of price dispersion based on the bounded rationality

of firms looks promising (see [Baye and Morgan, 2004], and [Ellison, 2005]). This stems

from the observation that similar patterns of price dispersion arise both in data from

Internet sales and lab experiments, in which the “unobserved heterogeneities” are ex-

cluded by design. The authors use ε-equilibrium and the quantal-response equilibrium

(QRE) as the operative concepts for generating the dispersion in prices. However, the

testing with experimental data does not allow them to make an undoubted conclusion

about the quality of these bounded rationality models.

The alternative theoretical model modifies the classical Bertrand setting by intro-

ducing the fraction of loyal consumers [Morgan et al., 2006]. In this case the required

level of price dispersion is achieved under standard Nash behavior. Though persuasive

experimental support was obtained, the question of how this prediction approximates

real market behavior remained open.

We accurately reformulate these three hypotheses in a form suitable for fitting to

our dataset. Applying a similar strategy to [Baye and Morgan, 2004], we estimate the

parameters of each model. Then we check how good the estimated values are in three
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formal tests: on equity of means, medians, and empirical and estimated theoretical

distributions, for each hypothesis.

Our study demonstrates that only the QRE hypothesis deserves further attention

since its predictions about the mean and the median are valid, and the prediction about

the shape of price distribution works much better than the default uniform distribution.

Two other hypotheses provide poor-quality explanations of real Internet prices.

The paper is organized as follows. Section 2 reproduces the theoretical concepts

for further estimations and presents the analytical formulae for price distributions.

Section 3 provides a brief description of the dataset from Market.Yandex.ru. Section 4

contains the results of the structural estimations of the parameters for each hypothesis.

In the last section we discuss the quality of theoretical models under consideration and

highlight their limitations.

2 Theory

2.1 Price competition with homogeneous product

Here we reproduce briefly the competition models and solution concepts from

[Baye and Morgan, 2004] and [Morgan et al., 2006] with some modifications required

for fitting them to the data.

Let us start with the pure homogeneous Bertrand setting. Assume n agents (firms)

sell a unique type of product with costs c. Firm i ∈ {1, . . . , n} proposes price pi

simultaneously and independently of all other firms. For simplicity, let pi ∈ [c, pm],

pm be the monopoly price, and π(pm) be the monopoly payoff. The expected utility of

firm i under the price vector (p1, . . . , pi, . . . , p
n) is given by

πi(p1, . . . , pi, . . . , pn) =


π(pi)
k
, pi = min{p1, . . . , pn},
k is the number of firms charging pi;

0, otherwise.

(1)

For estimation purposes we use the monopoly profit function with non-elastic de-

mand normalized to 1:

π(p) = p− c. (2)

We consider the mixed strategy expansion with a price cumulative distribution

vector {F1, . . . , Fn}. The expected payoff of firm i is Eπi(F ) =
∫ ∫ ∫

p1,...,pn
πi(p)dF .

The two equilibrium concepts that will be tested for the model above are the ε-

equilibrium and QRE.
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2.1.1 ε-equilibrium

The ε-equilibrium implicates the minimal level of extra payoff which is expected to be

reached after a deviation. This also can be interpreted as the decision maker being

insensitive to small price differences or having limited cognitive abilities. Another logic

beyond this concept involves the possible costly price changes and as a result of the

lack of motivation for small extra gains from frequent price adjustments.

Definition 1. Fix ε > 0. A strategy vector F ε is an ε-equilibrium if for any unilateral

deviation F ′i of player i

Eπi(F
′
i , F

ε
−i)− Eπi(F ε) ≤ ε, i = 1, . . . , n.

In [Baye and Morgan, 2004], the solution for the Bertrand model with arbitrary

function π was obtained. For the profit function (2), the ε-equilibrium price distribution

is given by

F ε
i (p) =


0, p < c+ θ;

1−
(

θ
p−c

) 1
n−1

, p ∈ [c+ θ, pm);

1, p ≥ pm,

(3)

where

θ =

[
εn−1

(
n

n− 1

)n−1
(pm − c)

]1/n
(4)

ε-hypothesis: The firms selling identical products on the Internet play their ε-

equilibrium price strategies in the Bertrand model with homogeneous products.

2.1.2 Quantal-response equilibrium

In QRE the probability of setting a particular price depends on the expectations of how

this price will influence the profit level under some fixed price distributions of competi-

tors. The motivation for this concept stems from preference shocks [McFadden, 1984],

or decision errors [Luce, 1959].

Formally, let Ti be a map from Eπi(pi, F−i) into the probability of setting the price

less than or equal to pi.

Definition 2. A strategy vector FQ is a quantal-response equilibrium if for any pi

FQ
i (pi) = Ti(Eπi(pi, F

Q
−i)), i = 1, . . . , n.

A standard form of the decision rule function T is the power function with parameter

λ ∈
[
0, 1

n−1

)
Ti(Eπi(p, F−i)) =

∫ p

c

Eπi(q, F−i)
λ∫ pm

c
Eπi(t, F−i)λdt

dq. (5)
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For Ti defined by (5), the symmetric QRE is provided by the following price distri-

bution:

FQ
i (p) = 1−

(
g(pm)− g(p)

g(pm)− g(c)

)1/(1+λ−nλ)

, i = 1, . . . , n, p ∈ [c, pm],

with g(p) ≡
∫
π(p)λdp+K.

The parameter λ expresses the degree of irrationality in a specific sense. The two

limit cases correspond to Nash equilibrium (λ→ 1
n−1) and random behavior (λ→ 0).

The intermediate values of λ generate the set of price distribution functions with a

larger mass of firms setting low prices in comparison to ε-equilibrium.

Accounting for (2), the final form of the QRE price distribution is

FQ
i (p) =


0, p < c;

1−
(

1−
(

p−c
pm−c

)(1+λ)) 1
1+λ−nλ

, p ∈ [c, pm);

1, p ≥ pm.

(6)

Q-hypothesis: The firms selling identical products on the Internet set their prices

according to the QRE price distribution in the Bertrand model with homogeneous

products.

2.2 Price competition with a share of loyal consumers

An alternative model for explaining the behavior of online competitors is based on

consumer heterogeneity in access to the complete list of offers. In particular, this line

relates to modelling multi-channel competition via online-sites and bricks-and-mortar

stores.

[Morgan et al., 2006] presents the clearinghouse model which modifies Bertrand

price competition by introducing a share of captive consumers. Assume that the frac-

tion α of all consumers (the total mass is normalized to 1) use a price aggregator and

choose the firm with the minimal price. The rest of the consumers are not informed

about the whole range of firms: they are loyal to a certain firm from the list and buy

from it with the reservation price normalized to 1. As above, costs are equal to c for

all firms. The utility of firm i is combined from two sources: non-competitive rev-

enue coming from loyal consumers and a possible gain for the winner of the Bertrand

competition

πi(p1, . . . , pn) =


α(pi−c)

k
+ (1−α)(pi−c)

n
, pi = min{p1, . . . , pn},
k is the number of firms charging pi;

(1−α)(pi−c)
n

, otherwise.

(7)

6



By analogy with the logic in [Morgan et al., 2006], it is easy to derive the (Nash)

equilibrium mixed strategy of a firm. The price distribution is given by

Fα
i (p) =


0, p < p;

1−
[
1−α
αn

pm−p
p−c

] 1
n−1

, p ∈ [p, pm);

1, p ≥ pm,

(8)

where p = pm(1−α)+αnc
1−α+αn is the minimal price for an active firm in the market. Thus, the

lower bound for the fraction α is determined by

α =
pm − p

pm − nc+ p(n− 1)
. (9)

α-hypothesis: The firms selling identical products on the Internet compete in price

for the share of informed consumers within the Bertrand model with homogeneous

product and simultaneously get extra revenue from the consumers loyal to them.

3 Data

For the dataset, we collected prices from the online marketplace Market.Yandex.ru

during several months from July, 24 to October, 20, 2015. Market.Yandex.ru is the

most popular platform for online shopping in Russia. More than 40% of population

and more than 50% of Internet users in Moscow make online purchases1.

We fixed a set of 30 the most popular goods in 5 subcategories of household ap-

pliances, i.e. fridges, cooker hoods, warm ovens, dishwashers, cooktops, and washing-

machines, and downloaded the whole set of actual prices 4 times per day for e-shops in

the Moscow region. Household appliances are in the top-5 categories with the largest

share of online sales. For this category the share of consumers who prefers to purchase

on Market.Yandex.ru exceeds 30%.

Not every e-shop specializing in household appliances sells every product from our

sample, and moreover, even if it sells the specific product, the e-shop may not sell it

at every moment. This gives unbalanced panel data with 30 goods, 258 sellers and 324

moments containing 463502 unique price offers.

We argue that our dataset is representative in several aspects. First, one may be

sure that all the offers presented on Yandex.Market.ru are available for the announced

price because the platform checks regularly and sanctions the violators. Second, the

metropolitan online market is highly localized: 90% of respondents prefer to buy locally,

in Moscow, [Yandex report, 2014]. Third, geo-location inside the city is not important

1Here and further the survey characteristics of industry are based on [E-commerce report, 2014],

[Yandex report, 2014]
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since for the purchase of major household appliances most consumers use delivery

services.

The prices in our dataset demonstrate a huge dispersion both in the coefficient of

variation and in the relative price range at each moment. The aggregative description

of our data is presented in Table 1. The following measures of price dispersion are

used. The coefficient of variation is the standard deviation divided by the average.

The relative price range is the difference between the maximal and minimal prices

divided by the minimal price. The gap is the difference between the two minimal

prices divided by the minimal price.

In our sample, at each moment at least two firms sold every product such that we

never observe a monopoly. The influence of the number of active sellers is uncertain:

the gap depends positively on the number of sellers for 17 of 30 products, the range

depends positively on the number of sellers for 20 of 30 products, the variance depends

negatively for 15 of 30 products (with the significance level 5%), see Table 2.

4 Results

For all estimations we apply techniques similar to [Baye and Morgan, 2004]. For the

three hypotheses about the price distribution function, we tested how well they predict

the mean, the median, and the histogram of the observed price distributions. The

important difference is that in the previous work the monopoly price pm and the cost

c were fixed by the experimental design, while we estimate them from the data.

Data for the given product is a set of price vectors p1, . . . , pT where each vector pt

contains prices observed at moment t. In the analyzed behavioral models the number

of sellers n greatly influences the price distribution, so we estimate the parameters

separately for the different number of sellers. We grouped the data such that each

group consists only of price vectors of the given length n and the total number of

prices in each group was at least N = 25, which is required for a reliable chi-square

test. Then the parameters were estimated separately for each group.

The monopoly price pm and the cost c were estimated as the sample maximum and

minimum, respectively. Our data were cleaned of outliers, so the estimation is justified.

The third parameter, specific for each behavioral hypothesis (λ, ε or α) was obtained by

minimizing the sum of squared errors between the empirical and the theoretical cumu-

lative distribution functions, following the same approach as [Baye and Morgan, 2004].

After the parameters had been estimated for the given price group, three tests were

performed. The T-test was used to compare the observed and the predicted mean. The

sign test was used to compare the medians. The goodness of fit was evaluated with

the chi-square test. We used 5 bins, chosen such that the expected frequencies were

equal for each bin. The significance level was chosen as p = 0.05 for each test. For each
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Table 1: Average characteristics of products and price dispersion for the whole period
Product Coeff Relative Price Average Lowest #

of price gap price price

var range

% % % RUB RUB

Cata Ceres 600 Negra 22.6 143.6 4.0 19443 12431 36

Electrolux EHH 6340 FOK 15.1 73 2.7 24524 19949 50

Gorenje BO 73 CLI 13.7 70.1 1.4 27435 22947 47

Gorenje gw 65 cl i 13.5 69.3 2.1 17900 14836 28

Electrolux EZB 53400 AX 13.5 51.2 5.2 19944 15750 18

Hansa OSC 511 WH 13.4 79.4 8.4 2813 2124 47

Hotpoint-Ariston 7HPC 640 13 80.5 2.2 11876 9833 67

Krona Kamilla 600 12.7 76.7 13.2 7546 5348 30

Atlant XM 4008-022 12.5 101.1 0.7 14281 12698 59

Hansa ZIM 436 EH 12.2 52.7 1.3 20252 17542 31

Hansa BOEI62000015 11.7 85.7 0.6 16744 14442 68

Electrolux EWS 1052 NDU 11.6 57.5 2.5 19539 16906 31

Hansa BHI68300 11.6 55.1 1.4 16494 14035 45

Bosch DHL 545 S 11.3 65.7 3.3 9220 7706 36

Elikor integra 60n-400 11.1 64.6 2.1 3778 3125 46

Bosch PIC645F17E 10.8 58.4 0.3 28000 23686 78

Indesit BIA 18 10.3 60.4 1.4 21264 17741 71

Bosch HBG43T450 10 60.3 2.7 30429 25717 51

Samsung WF8590NMW9 9.1 78.2 0.7 19111 17217 75

Bosch ActiveWater SPV40E10RU 9.1 47.6 0.8 24489 21671 56

Siemens SR 66T090 8.6 58.3 3.2 43908 37238 68

Hotpoint-Ariston FTR 850 8.5 52.2 1.4 21085 18539 65

Bosch WLG 20061 OE 8.1 54.2 3.0 20417 17506 66

Ariston LSTB 4B00 RU 7.9 43.2 2.2 17519 15710 34

Bosch KGS 39XW20 R 7.8 44.8 1.4 34584 30170 52

Indesit wiun 81 (csi) F053525 7.6 26.7 4.4 13340 12102 9

Candy CDCF 6-07 7 36.4 2.6 13619 12284 25

LG F-1096SD3 6.2 39.6 0.5 21768 19605 67

LG GAB409SVQA 5 28.8 1.6 32571 29610 44

Liebherr SBSesf 7212 4.3 25.1 4.8 124142 111186 29

Table 2: Correlation of price dispersion measures with the number of sellers

# of products

Positive corr. Negative corr. Not significant

Average price 5 21 4

Gap 3 17 10

Range 20 7 3

Coeff of var 12 15 3

9



of the tests we calculated the fraction of all time moments when the hypothesis was

not rejected. This fraction estimates how well the given behavioral model explains the

data. The complete results are summarized in Tables 4, 5, 6, provided in Appendix.

The total shares of successful tests are shown in Table 3. The “Random” column

corresponds to uniformly distributed prices. A detailed discussion for each hypothesis

is presented below.

Table 3: The shares of moments for all products for which Q- and ε-hypotheses are

not rejected, the significance level is 0.05

Test Q−hypothesis ε−hypothesis α−hypothesis Random

Mean 95% 14% 15% 14%

Median 88% 5% 9% 15%

Distribution 16% 0.1% 0.4% 0.4%

4.1 Testing of Q-hypothesis

The results of estimation of Q-hypothesis are the most optimistic. The mean and

median tests fail to reject QRE in almost 100% of the tests. This is caused by the fact

that most of the observed price distributions are unimodal with positive skewness and

this shape is in general similar to that induced by the QRE hypothesis. One of the

successful fits is presented in Figure 1.

However, the goodness-of-fit chi-squared test rejects the null hypothesis for most of

the observed moments. The best result is in the last row in the table when the QRE

hypothesis passed the test in 60% of the time moments. In sum, for 6 products the

null hypothesis is not rejected in more than 20% of the tests, for 11 products it is not

rejected in 10-20% of the tests, for 9 products it is not rejected in less than 10% of

the tests, and for 4 products it is always rejected. The percentage of success does not

depend on the number of sellers. This distribution of successful estimations convinces

us that the QRE hypothesis is far from an ideal explanation for the highly dispersed

prices in Internet sales. Nevertheless, QRE performs much better than the uniform

prices and the other two hypothesis. Therefore, our study shows that QRE can serve

as a useful baseline for more sophisticated behavioral models.

4.2 Testing of ε- and α-hypotheses

The estimations of ε- and α-hypotheses are much less successful. Even the mean and

the median tests provide weak predictions, while the chi-squared test fails dramatically.

In fact, these two models predict the observed prices less accurately than the uniform

distribution. The examples of successful fits are shown in Figures 2 and 3.
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Figure 1: Empirical CDF and the theoretical distributions for the kitchen hood Bosch

DHL 545 S. Number of sellers is n = 16. The prices are from 2015, September 15 at

1am and 7am. Only QRE passed χ2 test (λ = 0.035, pχ2 = 0.19).

A possible reason for the poor performance is that both ε- and α-hypotheses predict

a high concentration of prices near the monopoly price for n ≥ 8. But this pattern

is rarely observed in our data, most of the time the prices lie close to the minimal

price, not maximal. Moreover, for most of the products the average price correlates

negatively with the number of sellers. This tendency directly contradicts the models’

predictions.

These two hypotheses demonstrate similar poor performance, despite the intuition

behind them seeming reasonable and there being some experimental support in their

favor.

5 Discussion

The objective of our study was to verify the models from [Baye and Morgan, 2004], and

[Morgan et al., 2006] on real price data. The results show that from the three models

to explain Internet price dispersion, only one performed better than the hypothesis of

random behavior.

The principle difficulty concerns the number of competitors. In the Bertrand model

with ε-equilibrium and in the model with loyal consumers the higher the number of

sellers, the higher the prices must be concentrated at the monopoly price, while our data

shows the opposite tendency. In the experiments, reported in [Baye and Morgan, 2004],
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Figure 2: Empirical CDF and the theoretical distributions for the washing machine

Indesit wiun 81 (csi) F053525. Number of sellers is n = 4. Prices are grouped from

7 time points from August 26, 1am to August 27, 1pm. Only ε-equilibrium passed χ2

test: ε = 0.41, pχ2 = 0.1.
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Figure 3: Kitchen hood Krona Kamilla 600. Number of sellers n = 18, prices are

grouped from September 16, 1am and 7am. Only α-hypothesis passed χ2 test: α =

0.37, pχ2 = 0.063
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and [Morgan et al., 2006] there were not more than four competitors, which is in line

with the model. However, in Internet sales, the number of active firms is generally

greater, such that these models are not applicable. Even in the case of a relatively

small number of sellers, the predictions under ε− and α−hypotheses are not valid.

These results were not obvious, because the assumptions underlying both models have

a reasonable interpretation in the context of online markets.

QRE performs much better in comparison with the two others. It is shown that

the central tendency is predicted very accurately by QRE. However, the fraction of

successful distribution fits does not favour this hypothesis unreservedly. The value of

the predicted degree of rationality λ is closer to 0 than in the experiments. This means

that real firms are less rational than the participants of the lab session according to

the model.

This observation supports the important role of bounded rationality for the ade-

quate modeling of online competition. The limited success of QRE shows some poten-

tial for this approach. The question of what model is suitable still remains open, but

QRE may be viewed as a useful starting point for further investigation. One of the pos-

sible directions of future research is to extend the homogeneous Bertrand competition

in a way which is more suitable for online markets.
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Appendix

Table 4: Tests of equality of Means, Medians, and Distributions: the shares of moments

for every product for which Q- and ε-hypotheses are not rejected, the significance level

is 0.05
QRE ε−equilibrium

Product Mean Median χ2 Mean Median χ2

Bosch DHL 545 S 0,99 0,981 0,092 0,079 0,051 0

Hotpoint-Ariston FTR 850 1,00 1 0,098 0 0 0

Indesit wiun 81 (csi) F053525 0,64 0,794 0,089 0,674 0,266 0,022

Elikor integra 60n-400 1,00 1 0,161 0,038 0,038 0

Hansa OSC 511 WH 1,00 0,984 0,146 0,139 0,016 0

Krona Kamilla 600 0,62 0,304 0,057 0,405 0,013 0

Samsung WF8590NMW9 1,00 0,991 0,092 0 0 0

Atlant XM 4008-022 1,00 1 0,041 0 0 0

Liebherr SBSesf 7212 0,63 0,022 0 0,193 0,006 0

Candy CDCF 6-07 0,99 0,943 0,218 0,278 0,104 0

Siemens SR 66T090 1,00 0,778 0 0 0 0

Bosch ActiveWater SPV40E10RU 1,00 0,88 0,18 0 0 0

Hansa BOEI62000015 1,00 1 0,345 0 0 0

Bosch HBG43T450 1,00 0,899 0,133 0,013 0 0

Indesit BIA 18 1,00 1 0,101 0 0 0

Hotpoint-Ariston 7HPC 640 1,00 1 0,117 0 0 0

Cata Ceres 600 Negra 1,00 1 0,19 0,114 0,019 0

Electrolux EHH 6340 FOK 1,00 1 0,193 0,278 0,066 0

Bosch KGS 39XW20 R 1,00 0,722 0,076 0 0 0

LG GAB409SVQA 0,98 0,927 0,07 0,155 0,022 0

Bosch WLG 20061 OE 1,00 0,747 0 0 0 0

Hansa ZIM 436 EH 0,98 1 0,392 0,161 0,323 0

Bosch PIC645F17E 1,00 0,753 0,117 0 0 0

Hansa BHI68300 1,00 0,997 0,497 0,076 0,085 0

LG F-1096SD3 1,00 0,959 0 0 0 0

Gorenje BO 73 CLI 0,94 0,959 0,171 0,047 0,028 0

Gorenje gw 65 cl i 1,00 0,965 0,196 0,089 0,06 0

Electrolux EWS 1052 NDU 0,96 1 0,304 0,313 0,193 0

Electrolux EZB 53400 AX 0,73 0,886 0,051 0,943 0,152 0,013

Ariston LSTB 4B00 RU 1,00 0,997 0,601 0,165 0,104 0

15



Table 5: Tests of equality of Means, Medians, and Distributions: the shares of moments

for every product for which α-hypothesis and Random behavior are not rejected, the

significance level is 0.05

α- Random

Product Mean Median χ2 Mean Median χ2

Bosch DHL 545 S 0,098 0,085 0 0 0,032 0

Hotpoint-Ariston FTR 850 0 0 0 0 0 0

Indesit wiun 81 (csi) F053525 0,759 0,709 0,016 0,437 0,538 0,016

Elikor integra 60n-400 0,025 0 0 0,063 0,12 0

Hansa OSC 511 WH 0,139 0,038 0 0,383 0,427 0,009

Krona Kamilla 600 0,462 0,047 0,038 0,37 0,171 0,003

Samsung WF8590NMW9 0 0 0 0 0,013 0

Atlant XM 4008-022 0 0 0 0 0 0

Liebherr SBSesf 7212 0,339 0,044 0,051 0,266 0,028 0

Candy CDCF 6-07 0,278 0,203 0 0,165 0,139 0,013

Siemens SR 66T090 0 0 0 0,013 0 0

Bosch ActiveWater SPV40E10RU 0 0 0 0 0 0

Hansa BOEI62000015 0 0 0 0 0 0

Bosch HBG43T450 0 0 0 0,041 0 0

Indesit BIA 18 0 0 0 0,019 0,019 0

Hotpoint-Ariston 7HPC 640 0 0 0 0,098 0,092 0

Cata Ceres 600 Negra 0,025 0,016 0 0,294 0,62 0

Electrolux EHH 6340 FOK 0,253 0,111 0 0,241 0,206 0

Bosch KGS 39XW20 R 0 0 0 0,095 0,114 0

LG GAB409SVQA 0,098 0 0 0,294 0,253 0,016

Bosch WLG 20061 OE 0 0 0 0,009 0 0

Hansa ZIM 436 EH 0,155 0,415 0 0,139 0,123 0

Bosch PIC645F17E 0 0 0 0 0,063 0

Hansa BHI68300 0,082 0,063 0 0,092 0,234 0,009

LG F-1096SD3 0 0 0 0,076 0,082 0

Gorenje BO 73 CLI 0,06 0,019 0,013 0 0,013 0

Gorenje gw 65 cl i 0,133 0,095 0 0,025 0,095 0

Electrolux EWS 1052 NDU 0,354 0,218 0 0,127 0,098 0

Electrolux EZB 53400 AX 0,949 0,519 0,013 0,804 0,804 0,013

Ariston LSTB 4B00 RU 0,149 0,047 0 0,092 0,092 0,035
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Table 6: Parameters of QRE and α-hypothesis

Product λ(n− 1) α

All days Success fit days All days Success fit days

Bosch DHL 545 S 0,582 0,694 1.0 -

Hotpoint-Ariston FTR 850 0,633 0,719 1.0 -

Indesit wiun 81 (csi) F053525 0.445 0.608 0.868 0.656

Elikor integra 60n-400 0.511 0.483 1.0 -

Hansa OSC 511 WH 0.325 0.510 1.0 -

Krona Kamilla 600 0.184 0.424 0.946 0.279

Samsung WF8590NMW9 0.780 0.807 1.0 -

Atlant XM 4008-022 0.870 0.891 1.0 -

Liebherr SBSesf 7212 0.209 - 0.959 0.749

Candy CDCF 6-07 0.575 0.630 0.996 -

Siemens SR 66T090 0.546 - 1.0 -

Bosch ActiveWater SPV40E10RU 0.636 0.637 1.0 -

Hansa BOEI62000015 0.774 0.810 1.0 -

Bosch HBG43T450 0.545 0.649 1.0 -

Indesit BIA 18 0.508 0.580 1.0 -

Hotpoint-Ariston 7HPC 640 0.617 0.701 1.0 -

Cata Ceres 600 Negra 0.359 0.354 1.0 -

Electrolux EHH 6340 FOK 0.556 0.683 1.0 -

Bosch KGS 39XW20 R 0.538 0.681 1.0 -

LG GAB409SVQA 0.394 0.379 1.0 -

Bosch WLG 20061 OE 0.539 - 1.0 -

Hansa ZIM 436 EH 0.655 0.695 0.999 -

Bosch PIC645F17E 0.536 0.622 1.0 -

Hansa BHI68300 0.573 0.605 1.0 -

LG F-1096SD3 0.553 - 1.0 -

Gorenje BO 73 CLI 0.673 0.659 1 0.994

Gorenje gw 65 cl i 0.638 0.635 1 -

Electrolux EWS 1052 NDU 0.682 0.704 0.993 -

Electrolux EZB 53400 AX 0.166 0.277 0.996 0.994

Ariston LSTB 4B00 RU 0.612 0.694 0.999 -
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