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Abstract

Our study proposes a novel mechanism to reduce information asymmetry about product quality between
buyers and sellers. Product testing organizations like Consumer Reports (US) and Stiftung
Warentest (Germany) seek to reduce this asymmetry by providing credible information. However,
limited capacity leads to testing of only a select number of product models, often bestsellers, which can
yield suboptimal information. After outlining our mechanism, we develop a game to derive testable
predictions. We show theoretically that a unique Nash equilibrium exists in which our mechanism
yields optimal information, equivalent to a world of complete information, while selecting bestsellers
does not. Subsequently, we confirm experimentally that our mechanism increases consumer surplus.
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1 Introduction

From complex technical products to foodstuffs to consumer products such as
toothpaste or strollers, sellers are often better informed about product quality
than buyers. Unfortunately, this information asymmetry may lead to a funda-
mental economic problem: if sellers of high-quality products are not able to cred-
ibly signal the high quality of their products, not all buyers are able to choose
the quality they would like to buy. Consequently, information asymmetry in the
market can reduce both consumer and producer surplus (Akerlof, 1970).

One method of reducing this asymmetry is to make credible information avail-
able to buyers (Viscusi, 1978). This potential remedy has been institutionalized
to some degree in many countries in the form of independent product testing
organizations such as Stiftung Warentest (based in Germany, one of the major
European product testing organizations), Consumer Reports (US) and Which?
(UK).! The common goal of these product testing organizations is to provide ob-
jective information about product quality for consumers, often using their own
test-buyers who purchase products anonymously. Product quality is then tested
and rated.”? Consumers can access the test results online or in print magazines.
These sales of their own publications represent one of the main sources of financ-
ing for product testing organizations, as accepting advertisements would con-
stitute a conflict of interest (International Consumer Research & Testing). These
product testing organizations are well-known and well-regarded. For instance,
96 % (77 %) of all German consumers know of (strongly trust) Stiftung Warentest
(KantarEmnid and Verbraucherzentrale Bundesverband, p. 9). In the US, Con-
sumer Reports has more than 6 million paying members and their website re-
ceives an average of 14 million unique visits per month (Consumer Reports).>

ISee http:/ /www.international-testing.org/members.html for a detailed list of world-wide
product testing organizations.

2Product quality is a multidimensional construct comprised of horizontal and vertical dimen-
sions. To illustrate, vertical dimensions of a stroller’s quality include its weight, how waterproof
the raincover is, and the level (if any) of toxic substances contained in its materials. In contrast,
horizontal dimensions include its aesthetic design. Usually, product testing organizations aim to
provide a comprehensive rating of vertical product quality, i.e., they include ratings for a stroller’s
weight, how waterproof the raincover is, and the level of toxic substances. However, they do not
include ratings for its design. In order to obtain a comprehensive quality rating, e.g. very good,
good, satisfactory, fair and poor, product testing organizations weight and add the ratings of all
included quality dimensions. Note that these ratings of vertical quality usually contain search,
experience, and credence characteristics (Nelson, 1970; Darby and Karni, 1973). For a stroller, a
search characteristic would be its weight since a stroller’s weight can be determined before pur-
chasing it. An experience characteristic would be how waterproof the raincover is since this is
usually observable only after use. A credence characteristic would be how many toxic substances
are contained in the fabric since consumers are usually not able to observe this amount even after
having purchased the stroller.

3 We are aware that many consumers rely on online consumer ratings when deciding which
product model to buy (De Langhe, Fernbach, and Lichtenstein, 2016). These ratings usually con-
sist of two parts: a narrative review and a quantitative measure, e.g. the stars on amazon.com.
While the narrative review may provide relevant information regarding horizontal differentia-
tion, both the narrative review and the quantitative measure are problematic with regard to verti-
cal differentiation for at least three reasons. First and most importantly, consumer ratings usually
do not include quality dimensions which would require a controlled setting or are otherwise



While product testing organizations offer credible information about product
quality, they are hampered by limited testing capacities, i.e., they select only a
sample of product models* among all available product models in the market.
Typically, they select which product models to test based on which ones are per-
ceived to be of greatest interest for consumers. However, it is not clear whether
their product model selection mechanisms do in fact provide optimal information
for consumers, i.e., whether the selection of product models leads to optimal con-
sumer surplus nor how the selection impacts producers’ profits. Thus, the prob-
lem is not the limited testing capacity itself, but the consequences of this limited
capacity for the provision of optimal information.

In their testing selection process, Stiftung Warentest uses current sales num-
bers to select a sample of 2 % to 33 % of all available product models for testing
(for a sample of products tested in the 09/2016 magazine, see GfK SE; see ap-
pendix B for details and sources). While the logic behind this standardized se-
lection procedure is that consumers are more likely to want information on the
bestselling product models, the counterargument is that these are not necessar-
ily the ones that buyers would have selected under complete information. In
particular, there may be product models among the non-tested ones which dom-
inate the tested product models, e.g. offer a higher quality at the same price, but
have simply not been selected for a test (see section 2 for formal definitions of
dominated and non-dominated product models). Indeed, among a sample from
Stiftung Warentest, there are many dominated product models (see figures 7 and
8 in appendix A). Note that this observation is in line with several empirical stud-
ies which measure the correlation between product quality and price within the
samples of tested product models in different countries.”

By contrast, Consumer Reports and Which? make their testing selections us-
ing a combination of sales numbers, price, and other criteria. Note that it is un-
clear if Consumer Reports uses a standardized procedure. Which? does not use a

costly to observe, e.g. safety characteristics of a car seat or the level of toxic substances in food.
Second, opposed to ratings published by product testing organizations, consumer-generated rat-
ings are usually less transparent regarding which quality dimensions they include and how these
are weighted. Third, fake ratings constitute a real problem with these ratings, even among ver-
ified purchasers (see Mayzlin, Dover, and Chevalier, 2014, and Which?, 2018). Note also that
online user ratings have been shown to correlate poorly with those provided by Consumer Re-
ports and Stiftung Warentest (De Langhe et al., 2016, and Kocher and Kocher, 2018).

*In this paper, we use “product” (“product model”) as the more general (specific) term. Usu-
ally, several product models belong to one certain type of product, e.g. several smartphone
models belong to the product smartphone. Furthermore, we use “game” instead of “theoretical
model” in this paper to avoid confusion.

>More specifically, researchers have repeatedly used ratings from different product testing or-
ganizations to measure the correlation between product quality and price. Surprisingly, most
studies find only moderate, zero, or even negative correlations (for overviews, see Ratchford,
Agrawal, Grimm, and Srinivasan, 1996, as well as Olbrich and Jansen, 2014). Low correlations
have been found for the US, Germany, Japan, Canada, the Netherlands and Austria (Oxen-
feldt, 1950; Diller, 1977, 1988; Yamada and Ackerman, 1984; Bodell, Kerton, and Schuster, 1986;
Steenkamp, 1988; and Kirchler, Fischer, and Holzl, 2010, respectively). Note that these results are
sensitive to the weights of quality dimensions which are, to some degree, arbitrary. Yet, test re-
sults published by Consumer Reports show that more than half of all tested product models are
dominated on all quality dimensions (Hjorth-Andersen, 1984).



standardized procedure.

In this paper, we explore the process by which product models are selected for
testing. In particular, we propose a novel, capacity-neutral mechanism to select
product models that yields greater buyer information. Since our mechanism is
capacity-neutral, the testing capacity remains constant. Only the selection pro-
cess differs to take advantage of the sellers” information. In our mechanism, test-
ing organizations announce how they will measure quality, including relevant
dimensions of quality and respective weights. Sellers may then apply for test-
ing by supplying a product model number and a (true or false) quality of their
product model. The product testing organization then collects the prices of all
applicants” product models.® Subsequently, it uses a pre-specified algorithm to
select product models (see section 2.2.3 for details about the algorithm). Even-
tually, all product models selected by the algorithm are tested, and the quality
stated during the application may or may not be confirmed. The final test results
are then published.

To test the performance of our proposed selection mechanism, we first de-
velop a new game to derive theoretical, testable predictions. We then use a lab
setting to test these theoretical predictions. Our product testing game is based
on a model by Encaoua and Hollander (2007) and represents a market with sell-
ers, buyers, and a product testing organization. However, while Encaoua and
Hollander analyze a duopoly with two quality levels, our product testing game
allows for a potentially large number of sellers and quality levels (see section 2
for details). Our mechanism contributes to the theoretical literature in industrial
organization by including a product testing organization as a means to provide
credible information for buyers and, most fundamentally, by allowing for prices
which may not be positively correlated with quality. As depicted in figures 7
and 8 in appendix A, product models are represented by points in the quality-
price space, and dominated product models may exist. In our mechanism, sell-
ers of non-dominated product models can voluntarily and credibly disclose their
product quality, illustrating the existence of unraveling (see Grossman, 1981, and
Milgrom, 1981).” Specifically, we create a game which allows us to analyze infor-
mation unraveling in a two-dimensional framework — quality and price — where
price does not necessarily equal quality. To the best of our knowledge, we are
the first to do so. Our study differs from Encaoua and Hollander (2007) in that
we model a short-term situation where qualities and prices have already been
set. This allows us to focus on the degree to which sellers apply to be tested, i.e.,
which information unravels, as a first step in analyzing the performance of our
mechanism.®

Our proposed mechanism with unraveling and voluntary information disclo-
sure is supported by previous theoretical, empirical, and experimental research

6Stiftung Warentests collects the prices of all product models to be tested (if prices vary for
a certain product model, the mean price is calculated). It is likely that Consumer Reports and
Which? also collect prices for several product models not eventually tested.

“Tmportantly, the final decision which product models to test remains with the product testing
organization.

81n a follow-up study, we extend the setting of the present paper to a long-term context where
sellers are able to set both quality and price.



(for overviews, see Dranove and Jin, 2010, and Brendel, 2020). On the theoretical
side, several studies investigate the different conditions under which unraveling
occurs (see, for instance, the seminal papers of Grossman, 1981, and Milgrom,
1981, as well as the overviews in Dranove and Jin, 2010 and Brendel, 2020) and
tind that complete unraveling requires several strong assumptions. By contrast,
unraveling has been observed but to an incomplete degree in empirical studies
(see, for instance, Mathios, 2000, and Jin and Leslie, 2003, amongst many others).
The experimental papers also observe unraveling, sometimes to an incomplete
degree (see, for example, Benndorf, Kiibler, and Normann, 2015), but sometimes
to a complete degree when allowing for detailed feedback and learning (see, for
example, Forsythe, Isaac, and Palfrey, 1989). To the best of our knowledge, there
is no study that investigates whether unraveling leads to improved information
in contexts with limited capacities. Our aim is to fill this gap.

The rest of our paper proceeds as follows. Section 2 introduces our theoretical
framework and product testing game, and derives our theoretical, testable pre-
dictions. Section 3 presents our experimental design and hypotheses. Section 4
reports the experimental results. Section 5 discusses our findings and concludes.

2 The product testing game

As mentioned, our product testing game represents a market with sellers, buy-
ers, and a product testing organization. This one-shot game allows us to analyze
how information about a limited sample of tested product models influences con-
sumer surplus and seller profits in the short term, i.e., in situations where quality
and price have already been set. We start by describing the general properties of
the game. Subsequently, we present three different versions which vary by the de-
gree of available information and the presence of a product testing organization.
These three different versions allow us to prove that, under certain conditions, a
unique Nash equilibrium exists for our new product model selection mechanism
in which

e all sellers of product models that buyers would have bought under com-
plete information apply to be tested while stating their true quality,

e all sellers of product models that no buyer would have bought under com-
plete information do not apply to be tested, and

¢ all buyers choose the optimal product model they would have chosen under
complete information.

Doing so, we show that our mechanism can create the maximum possible con-
sumer surplus, equivalent to a world of complete information. Therefore, it out-
performs current mechanisms or, in the worst case, leads to the same consumer
surplus.

2.1 General properties of the game

In this section, we begin by identifying the properties of our sellers and buyers.
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Sellers We first consider a market with a non-empty set of sellers, ) # F =
(Fq,...,Fn}, with n € IN.? These sellers offer heterogeneous product mod-
els. For simplicity, we assume that each seller offers exactly one product
model but can sell as many units of that product model as demanded. For
seller F, € F, withr € {1,...,n}, we call 0 < gr, € R the quality of the
corresponding product model, and 0 < pf, € R its price. Since we are in-
terested in analyzing short-term behavior, including product model quality
disclosure, when quality and price are set, we assume quality and price to
be exogeneously given. We further assume product quality is comprised
of experience and credence characteristics, excluding search characteristics,
according to Nelson (1970) and Darby and Karni (1973). This implies that
buyers do not know the quality of a product model prior to purchase unless
that information is revealed by a product testing organization. For simplic-
ity, we exclude identical product models by assuming that there are no sell-
ers offering the same quality at the same price, i.e., VF;, Fy € Fwith qF, = g,
and r # t, we require that pr, # pr,. For seller F,, we assume the function
c(qr,) denotes the unit costs of production. Thus, the unit costs of pro-
duction c(qr,) depend on only the quality level and are independent of the
total number of produced units. Furthermore, the cost function is assumed
to be continuously differentiable, strictly increasing and strictly convex in
quality, i.e., ¢’(qr,) > 0 and ¢”(qf,) > 0. Since we are not interested in an-
alyzing market entry or exit decisions and since positive fixed costs would
thus not influence equilibrium predictions, we assume all sellers’ fixed costs
equal zero. Finally, we assume sellers have complete information. We write
seller F,’s profit function as

E(”r(qFT/PFT)) = (PFT - C(UIFT)>]E(d(PFw GIFT))f (1)

where d(pr,, qr, ) represents the number of buyers buying seller F,’s prod-
uct model.

Buyers We next identify a non-empty set of buyers in our market, ) # B =
{b1,...,bs}, with s € IN. These buyers decide whether, and if so which,
product model to buy (at most one). They are not able to resell. For buyer
by, with h € {1,...,s}, we call 0 < 6, € R her valuation of quality. We
assume

B0 01 1) g O~ (L) 1)

(2)
is the expected utility function of buyer by, € B buying seller F,’s product
model, with K’ being the set of sellers whose product models have been
tested.!” Oy, qr, is a buyer’s willingness to pay for qr,. Note that, if a buyer

9Using the notation from “Basic definitions”, we will sort Fy, ..., Fy in a certain way using a
permutation o : F — F, and denote the resulting sellers with fq, ..., fn.
19Note that we use an indicator function to describe a buyer’s utility with a single function. If
the condition in braces is true, the indicator variable equals one. If the condition is not fulfilled,
the indicator variable equals zero.



chooses a tested product model, her utility is deterministic since all buy-
ers know the quality of a tested product model prior to purchase. Thus,
if a buyer chooses to buy a tested product model, her utility simplifies to
the first summand of equation 2, i.e., to uh(eh, qFT,pFT) = Onqr, — Pr,- On
the other hand, if a buyer chooses to buy a non-tested product model, her
expected utility is probabilistic since she does not know the true quality
of this product model prior to purchase. Thus, her expected utility sim-

plifies to the second summand of equation 2, i.e., to E <uh(9h, qFr,pFr)) =

OnE(qr,) — pr,. Finally, if a would-be buyer chooses not to purchase a prod-
uct model, her utility is zero. Note that we assume any buyer indifferent to
purchasing versus not purchasing will buy the respective product model.
For simplicity, we assume a buyer will choose the seller with the lower
index among sellers providing the same expected utility. Indexes are as-
signed randomly to sellers and are uniformly distributed. Note that this
assumption does not influence seller behavior as sellers are not aware of
their index. Buyers are assumed to have complete information about prices
and valuations of quality, but only information on product model quality
that has been revealed by the product testing organization. Furthermore,
we assume buyers know the quality distribution. Again for simplicity, we
assume buyers know that the correlation between price and quality equals
zero.

Product testing organization The product testing organization provides credible
information about product quality for a limited sample of product models
selected according to its maximum testing capacity k € IN, and according
to its product model selection mechanism. The set of sellers whose product
models are tested is denoted with K’ C F. VF, € K/, withr € {1,...,n}, qr, is
perfectly revealed. We model two different product model selection mecha-
nisms: BESTSELLERS and SELLERSAPPLY. Note that, in subsection 2.2.2, we
model BESTSELLERS as a stylized version of current product model selection
mechanisms. Since Stiftung Warentest, Consumer Reports, and Which? all
use product model’s sales as their main selection criterion (see appendix B
for details), we focus on bestsellers in our game. However, this set could,
in principle, be determined by any other combination of current criteria. In
subsection 2.2.3, we model our mechanism SELLERSAPPLY. Since we model
the product testing organization as an algorithm without its own surplus
function, we do not call it a player.

Sequence of the game The sequence of the game occurs over three stages.

Stage 1 Sellers are given the price and quality of their single product model,
and, if applicable, they also decide whether, and if so, with which qual-
ity, to apply for testing of their product model.

Stage 2 The product testing organization selects a sample of product mod-
els according to its product model selection mechanism (BESTSELLERS
or SELLERSAPPLY) and then tests the selected product models.



Stage 3 Buyers observe the quality of the tested product models as well as
the prices of all product models, and then decide which product model
to buy (if any).

Basic definitions Before analyzing the three different versions of the game, we
need to establish a set of basic definitions. We begin by defining local and
global dominance to distinguish if a product model is dominated within the
whole market (as in subsection 2.2.1 when analyzing a world of complete
information), or within a certain submarket like the set of tested product
models (as in subsections 2.2.2 and 2.2.3 when analyzing worlds of incom-
plete information with different product model selection mechanisms), re-
spectively. Also note that we use the terms “seller with (non-)dominated
product model” and “(non-)dominated seller” equivalently.

Definition 1 (Locally (non-)dominated product models). Let ) # Q C Fbea
non-empty set of sellers. A seller F, € Q offers a locally dominated product model in

Qif IF € Quith ((PFj <pr) A (gr > qﬂ)) Vv ((PFj <pr,) A (qr, > QFr))-
A seller Fr € Q offers a locally non-dominated product model in Q if VF; € Q

* if pr; < Pr,, then qr; < qr,,
° Zf qFj > qFr’ then ij > pF‘r’

Essentially, a product model is locally dominated in the same set (or market)
if at least one seller in this set offers a strictly higher product quality without
being more expensive, or a strictly lower price without offering a lower
product quality. By comparison, a product model is locally non-dominated
in a set if every seller in this set offering a strictly higher product quality also
has a strictly higher price, and every seller offering a strictly lower price also
offers a strictly lower quality.

We next define a product model vis-a-vis all competitors.

Definition 2 (Globally (non-)dominated product models). A seller F, €
{F1,..., Fn} who is locally dominated according to definition 1 with Q = F offers
a globally dominated product model. A seller . € {Fy,..., Fn} who is locally non-
dominated according to definition 1 with Q = F offers a globally non-dominated
product model.

To illustrate definitions 1 and 2, consider the following local market (see
figure 1) Q = {Fl, Fz, Fg, F4, F5} with

qr, = 2, PF, = 5,

qr, =3, pr, = 10,

qr, = 1, pr, = 10,

qr, =2, pr, = 10,

q]:5 = 4, Prs = 27.

Furthermore, consider the following global market: F = {Q U Fs}, with
qr, = 5 and pr, = 27. While sellers Fq, F,, and Fs are locally non-dominated
in market Q, sellers Fq, Fp, and F¢ are globally non-dominated in market F.

7
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Figure 1: Example markets
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Having defined local and global dominance, we now partition any set
of sellers Q into two sets of sellers: NDqg C Q, the set of locally non-
dominated sellers in Q, and Do C Q, the set of locally dominated sellers
in Q, with NDquUDqg = Q. If Q = F, we use the notation D instead of
Df, and ND instead of NDf. Subsequently, we sort all sellers according
to these two disjoint sets. More precisely, let 0 : F — F be a permuta-
tion of a global set of sellers F with o(F) = {fy,...,fn} = ND UD, with
0 # ND := {fy,...,fm} C o(F) as the set of globally non-dominated sellers,
and with () # D = {fj41,...,fn} C o(F) as the set of globally dominated
sellers, with m € IN. For seller fy € o(F), witht € {1,...,n},0 < gt € R
represents the quality of the corresponding product model, and 0 < pt € R
its price. We distinguish index-based seller global (non-)dominance by re-
ferring to sellers with the notation f; € o(F). Figure 2 uses both f; and
F, to indicate sellers, illustrating how using o(F) changes our sellers” nota-
tion. Note that, given at least one globally dominated and one globally non-
dominated seller, we can split any global set of sellers into two respective
disjunct sets and sort the sellers accordingly (see lemma 1 in appendix C.1).

Given the previous definitions and assumptions, we are now able to de-
scribe the properties of our product models in more detail. First, any
product model locally non-dominated in a certain market is also locally
non-dominated in any of its submarkets containing this product model
(see lemma 2 in appendix C.1). Intuitively, then, sellers offering globally
non-dominated product models in market Q' = o(F) are also locally non-
dominated in any global market’s submarket containing these sellers. Note
that this does not apply to locally dominated product models since glob-
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Figure 2: Permutation o(F) of global example market F
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ally dominated product models are not always locally dominated in every
set Q C o(F) (see counter-example 1 in appendix C.2). Second, a prod-
uct model locally dominated in a global market’s submarket is also locally
dominated in any larger market containing this submarket (see lemma 3 in
appendix C.1). Intuitively, then, sellers offering a locally dominated prod-
uct model in Q are also globally dominated. Note that this does not apply
to locally non-dominated product models as these product models are not
always among the locally non-dominated product models within a larger
set, especially those that are among the globally dominated product mod-
els (see counter-example 2 in appendix C.2). Third, the property of being
dominated is transitive (see lemma 4 in appendix C.1).

We next examine the relationship between a product model and its rivals
defined as below.

Definition 3 (Rivals of a certain seller in a global market). We call the set

{; € o(Pl((a; > ae APy <PO)V (g > G A (py < pu)) | =i Re € o(F) the
set of rivals of globally dominated seller fy € D.

Definition 3 implies that seller f; is globally dominated by every seller in
Ri. We do not define sets of rivals for globally non-dominated sellers as
such sets would be empty. Combining definition 3 and lemma 4 allows
us to conclude that, if f; € Ry, Rj € Ri. Thus, a globally dominated
seller’s rival set contains at least one globally non-dominated seller; it may
also contain one or more globally dominated sellers (see lemma 5 in ap-
pendix C.1). Moreover, note that any seller f; € D is locally dominated in
Q «— {ReNQ} # 0 Vfy € D, i.e., if, and only if, the local market Q contains



both f; and at least one of the seller’s rivals, any globally dominated seller
fy will also be locally dominated in market Q.

Finally, building on definition 3, we introduce the concept of “critical sets
of sellers.”

Definition 4 (Critical sets of sellers in a certain global market). We call the
superset

NDcyjs := {{NDcrit}}

n
= {NDC,,# - U RiNND C ND |Vf] € ND,,; df, € {D mND{fLU{ND ‘t\fj}}}}
i=m+1

the superset of critical sets of sellers in a certain global market.

Definition 4 implies that ND,,;; is a critical combination of globally non-
dominated rivals that makes every globally dominated seller also locally
dominated in every set containing this subset. If one single seller were re-
moved from ND,,;, the set would lose its characteristic. Note that ND_,;;
may contain fewer sellers than ND. Furthermore, all possible sets ND_;;
form a superset ND¢,;y whose elements are all sets ND;. As an ex-
ample, consider the following global market: o(F) = {fy,fp, f3, s, 5} =
{f1, T2, f3} U{fy, fs} = ND U D with

q1 :2/]91 :5/
q2 =3,p2 =10,
q3 =4,p3 =27,
qs =1,p4 =10,
q5:2/p5:10-

In this market, NDc¢,;; = {{f1},{f2}}, while ND = {fy, 5, f3}.

2.2 Three different versions of the game

Having established our basic definitions in the previous subsection, we are now
able to analyze our three different versions of the game. We start with an ideal
world that contains complete information about product quality and then exam-
ine two worlds comprised of incomplete information about product quality that
therefore require a product testing organization. Specifically, subsection 2.2.2 ex-
amines BESTSELLERS, a stylized version of current product model selection mech-
anisms. Subsection 2.2.3 examines SELLERSAPPLY, our proposed product model
selection mechanism. Note that while we include the version with complete in-
formation as a benchmark, our incomplete information versions provide the basis
for our experimental treatments.

Since sellers are passive in our benchmark case and the BESTSELLERS mecha-
nism, we analyze only buyer behavior. By contrast, since sellers are active in our
proposed SELLERSAPPLY mechanism, we analyze both buyer and seller behav-
ior by applying backward induction. We calculate equilibrium payoffs for both
buyers and sellers in all three games.
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2.21 Anideal world with complete information about product quality

In this subsection, we present our benchmark case of a world with complete
product quality information. Since information is complete, there is no need
for a product testing organization. Therefore, the game reduces to the follow-
ing stages.

Stage 1 Sellers are given the price and quality of their single product model.
(Stage 2 is excluded because no product testing organization is present.)

Stage 3 Buyers observe the quality and price of all product models, and then
decide which product model to buy (if any).

Buyers maximize their utility according to equation 2. Because they have com-
plete information about product quality, equation 2 simplifies to un (6n, q¢, pt) =
Onhqt — pt. Hence, a buyer’s maximization condition is given by:

argmax Onq¢ — pt ©)
fre{o(F)ufo}

with fy representing a non-existing seller with qp = 0 and pp = 0, denoting a
would-be buyer’s choice not to purchase a product model. Equation 3 implies
that a buyer will choose the product model among all those yielding a non-
negative utility which maximizes her utility. If all available product models yield
a negative utility, she will refrain from buying. Therefore, buyer by, receives her
maximum possible utility in equilibrium

h h
th <eh’ Uo(Fyutey” p{U(F)UfO}*>

_ h __h . h _h
= Ondioruter ~ Plomutyr = Ondpun) ~ PiNbu) (4)

with f}é* denoting the seller who maximizes buyer by’s utility in the set Q, and

with q}é* and p}é* denoting the respective quality and price, and ND denoting
the set of sellers whose product models are sold under complete information.
Note that a globally dominated product model cannot maximize buyer by’s util-
ity under complete information since each rival product model would generate a

. h _ h e
higher surplus for buyer by,. Therefore, f_ 1 | o = 1 NBUR In addition, under

complete information, buyer by’s utility is always non-negative in equilibrium.
We now use equation 4 to define the market areas, i.e., the sets of valuations of
quality 0, € {61,...,0} whose buyers prefer the quality level of seller fy € ND

given the vector of prices (py, ... ,pn)T with ¢’(qi) < p; Vf; € o(F) and vector of
qualities (q1,..., qn)T:

G.‘)’t(qt/ pt) = {ehluh (eh/ qt/ pt) 2 max{ol Up (eh/ q]/ p)) } Vf] € O-(F)} (5)

with h € {1,...,s}. Here, all globally non-dominated sellers f; with at least one
buyer for the market area O;(q¢, pt) will sell at least one product model while no
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globally dominated seller will do so. Equilibrium profits of globally dominated
sellers equal zero. If seller f; offers a globally non-dominated product model, his
equilibrium profit can be calculated as:

T (qe, pt) = d(Qt,Pt) <Pt - C(Qt))

]l{ft—fh }(Pt_C(qt)>

_ i {NDufo}*

h=1 #{fj € NDl|up (61, g, pj) = un(On, q¢, pt) }

(6)

Note that the demand for seller fi’s product model can be calculated by counting
his buyers using a sum, and dividing this sum by the number of all sellers whose
product models maximize a certain buyer’s utility. The above equation implies
that a product model maximizes buyer by,’s utility by taking into account all sell-
ers who would sell at least one product model under complete information and
the option of not buying.

The following definition summarizes the aggregate consumer surplus and
seller expected profits.

Definition 5 (Consumer surplus and seller expected profits in a world of com-
plete information). Consumer surplus equals

S
h h
2 Ondipun) ~ PlNbun) )
h=1
Globally dominated seller profits equal zero. Globally non-dominated seller profits equal

} (Pt - C(qt))

1
S {ft:fh

i Z {NDufy}*

t=1 h=1 #{fj € NDlup (6, g;,pj) = un(6n, qt, pt) }

(8)

2.2.2 A world with incomplete information about product quality and the
BESTSELLERS mechanism

In this subsection, we analyze a world with incomplete information about prod-
uct quality where a product testing organization perfectly reveals information
about a sample of product models using the BESTSELLERS mechanism. Here, we
assume () # Bestsellers C o(F), the non-empty set of bestselling product models, is
the only and exogeneously given selection criterion.!! Therefore, K’ = Bestsellers.
In this world, sellers are unable to influence directly whether a testing organiza-
tion will test their product model. Thus, the game consists of three stages.

Stage 1 Sellers are given the price and quality of their single product model.

Stage 2 The product testing organization selects a sample of product models ac-
cording to BESTSELLERS, and then tests the selected product models.

11 Again, we make this assumption because we are interested in analyzing short-term behavior.
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Stage 3 Buyers observe the quality of the tested product models and the prices of
all product models, and then decide which product model to buy (if any).

Buyers maximize their utility according to equation 2. Hence, buyer by,’s max-
imization condition is given by:

argmax OhE(q¢) —pt = argmax { max Onqi—pt, max OhE(q) —pt} .
frelo(F)Uf) frefo(F)ufe) LfrelKUfo} fee{o(P\K’}
©)

This maximization condition implies that, among all product models yielding a
non-negative expected utility, a buyer will choose either the optimal tested one,
or the cheapest non-tested one. Note that, since 0y, is given and E(q¢) is the same
for all non-tested product models, price is the only decision parameter for these
product models. Therefore, the lowest price of all non-tested product models
maximizes the expected utility among those for all buyers. However, if all avail-
able product models yield a negative expected utility, a buyer will refrain from
buying. Next, we define fqe := argmin; .o px € Q with Q € o(F) as the seller
offering the cheapest product model in mar %et Q. Thus, equilibrium payoffs can
be calculated as:

h )
( h q Ufo} PR

= Opq" —ph =0hq" L (0
{o(FUf}  {o(F)Ufo} {NDK/Uf{U(F)\K/}cho} {NDK/Uf{o(F)\K’}CUfO}

with f% denoting the seller who maximizes buyer by,’s expected utility in the set
Q, and with q% and p% denoting the respective quality and price.

Regarding sellers” equilibrium payoffs, we first examine the case where seller
fi € D offers a locally dominated bestselling product model in K’ which is tested
by the product testing organization, which implies f; € Dy-. Since fi’s product
model is locally dominated in K’, it does not maximize any buyer’s expected
utility. It follows that fy # argmax; .. E(un (0, qi, p1))Vbr € B. Therefore,
d(qe, pt) =0, and 7e(q, pt) [Dxr] = 0.

In the second case, seller f; € o(F) offers a locally non-dominated bestselling
product model in K’ which is tested by the product testing organization, which
implies fy € NDy/. Here, we make no restriction on whether our seller is globally
dominated or globally non-dominated. Expected profits can be calculated as

E(m(ap1) ) INDie] = B(d(a p)) NDi] (e = (a0)
1
s {{ft f{K’uf} } {9hqt_pt>ehE<q{c(F)\K’}c)‘P{U(F)\K/}c}}

= #{f € o(FIE(un(8r, 45, 7)) = E(un(On, qi,p1)) |

(p—<la)

(11)
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Again, note that the expected demand for seller f;’s product model can be calcu-
lated by counting his buyers using a sum, and dividing this sum by the number
of all sellers whose product models maximize a certain buyer’s utility. The above
equation implies that a tested product model maximizes the buyer’s utility by
taking into account both the full set of tested product models yielding a non-
negative utility (first pair of braces in the indicator function) and the cheapest
non-tested product model (second pair of braces).

In the third case, seller f; € o(F) offers a non-bestselling (and thus not tested)
product model, which implies f; € {U(F) \ K’ } Again, we make no restriction on
whether our seller is globally dominated or globally non-dominated since buyers
consider only the expected quality of non-tested product models. The expected
demand and expected profits can be calculated similarly to equation 11, with the
difference being that non-tested product models compete among themselves on
price. A selected product model in this case must be the cheapest non-tested one
yielding a non-negative utility (first pair of braces) with an expected utility higher
than that of every tested product model (second pair of braces).

E(m(aupy) ) [0(F)\K'] = E(d(qpo) ) [P\ K] (pr—c(a)

}} (Pt—C(qt))

1
s {{f‘_fhm }m{ehE(q‘)_pt>9hq?w)*‘p?w)*

_ {{eFK/}uto}
h=1 #{fj € G(F)IE(uh(Gh, qj)> = E(uh(ehr cn))}

Note that, if seller f’s product model is not tested and he does not offer the cheap-
est price of all non-tested product models (first pair of braces), his profit will equal
zero, regardless of whether his product model is globally dominated or not.

We can now compare the consumer aggregate surplus and sellers” aggregate
profits in our incomplete information world to those under complete information
(see definition 5).

(12)

Proposition 1 (Expected consumer surplus and seller profits under BEST-
SELLERS). BESTSELLERS leads to a lower consumer surplus (and higher (lower) profits
of globally dominated (globally non-dominated) sellers) compared to a world of complete
information for all but two possible combinations in which product models are bestsellers
and thus tested. In only two cases, BESTSELLERS leads to the same consumer surplus
(and same seller profits for globally dominated and non-dominated product models) as in
a world of complete information. These two cases are as follows:

(i) K! = ND, and Vb € {by,...,bs} the following holds:

Bestsellers

max | E u1<91,q{U(F)\W}c,p{U(F)\ND}c>),0} < maxfjeN—Du(el,qj,pj),

() Kposiers 7 ND, and 3'f; € ND such that Yoy € {by,...,bs} with f; ¢
/ o ]
KBestsellers and f) = arg maxfke{f{g(p)\mcuﬁufo} ]E<U1 (61/ dx, Pk)), the fOl
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lowing holds: f; = arg max . E(ul 0L, di, Pr )
] ka { { O-(F)\Kl/%estsellers } UKlls’gstsg[[gySUfO } ( )

In addition, ¥f, € {ND\fj}, let E(d(qx, px)> [completeInformation] =
E <d(qx, px)> [Bestsellers).

The proof of proposition 1 can be found in appendix C.1. Proposition 1 im-
plies that, except for two possible cases, BESTSELLERS always leads to lower con-
sumer surplus than does a world of complete information. In the two exceptions,
BESTSELLERS leads to the same consumer surplus. In the first case, all globally
non-dominated product models sold under complete information are the best-
selling product models, and no buyer prefers the cheapest non-tested product
model over her optimal tested one. In the second case, all but one globally non-
dominated product model sold under complete information are the bestselling
product models, but the exception product model is cheapest non-tested product
model which is selected by every buyer who would have selected it in a world
of complete information. In addition, in the second case, all other buyers prefer
their complete-information optimal product model over the cheapest non-tested
product model, and prefer to buy versus not buy. Note that it is not possible in
this mechanism to have two sellers with the cheapest non-tested product model
and selected by all buyers who would select their product model under complete
information. In this case, we assume buyers will select the product model of the
seller with the lower index (see subsection 2.1).

2.2.3 A world with incomplete information about product quality and the
SELLERSAPPLY mechanism

In this subsection, we analyze another world with incomplete information about
product quality where a product testing organization perfectly reveals informa-
tion about a sample of product models but with the SELLERSAPPLY mechanism.
This game consists of the following stages:

Stage 1 Sellers are first given the price and quality of their single product model.
They then decide whether to apply to have their product model tested, and
if so, whether to state a true or false quality about their product model.

Stage 2 The product testing organization selects a sample of product models ac-
cording to the SELLERSAPPLY mechanism, and then tests the selected prod-
uct models.

Stage 3 Buyers observe the quality of the tested product models and the prices of
all product models, and then decide which product model to buy (if any).

The SELLERSAPPLY mechanism is based on the following algorithm (see ap-
pendix C.3 for a formal description).

Algorithm step 1 Among the set of applicants, select the cheapest product model
per stated quality level. If applicable, exclude locally dominated product
models.
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Algorithm step 2 Test all remaining, non-tested, locally non-dominated product
models to determine the current set of tested product models.

Algorithm step 3 If no false quality statements are detected, or if all applicants’
product models are tested, stop. Otherwise, combine the set of tested prod-
uct models (using revealed qualities) with the remaining untested product
models, update the set of locally non-dominated product models, and re-
turn to step 2.

We assume the testing organization is able to test non-tested product models as
long as there are still promising non-tested product models remaining (in equilib-
rium, only the product models sold under complete information are tested (see
proposition 2); see appendix D for a simplified version of the game with a pre-
determined testing capacity). Note that the algorithm stops at the beginning of
step 3 if all sellers provide true qualities when applying to be tested (which they
are predicted to do in equilibrium; again, see proposition 2). The SELLERSAPPLY
mechanism requires all applicants to pay an application_fee > 0. If an applicant
seller’s product model is chosen for testing and the submitted quality is found to
be false, this seller must also pay a punishment_fee > 0. After the final test, the
true qualities of all tested product models are published.

To determine buyer by’s maximized utility, we use equation 2 to obtain the
following;:

argmax OhE(q¢) —pt = argmax { max Opqi—pt, max BhE(qt)—pt}.
feelo(F)Uf) feefo(Fufy) LFrelk/Ufol fee{o(FAK’}

(13)

Note that this maximization condition is identical to equation 9. Note also that
equation 13 implies that among all product models yielding a non-negative ex-
pected utility, a buyer will select either the optimal tested or cheapest non-tested
product model. If all available product models yield a negative expected utility,
she will refrain from buying.

Sellers maximize their profits according to equation 1. Since quality and price
are set, sellers make decisions regarding only the product test. More precisely,
sellers have three possible strategies: apply for testing with a true quality, apply
for testing with a false quality, or do not apply for testing. To examine which
conditions provide a testing incentive, we begin by identifying whether globally
dominated sellers are locally dominated as well. If all sellers with globally non-
dominated product models apply to be tested, a globally dominated seller f; ap-
plying with q; would also be locally dominated within the set of applicants and
his product model would not be tested, i.e., f; ¢ K’ (see lemma 6 in appendix C.1).
Examining this condition further, definition 4 implies that if all sellers in a certain
ND,; apply to be tested, a globally dominated seller f; applying with q; would
also be locally dominated and his product model would not be tested, i.e., fy ¢ K.
Thus, applying to be tested with gy is a strictly dominated strategy for a globally
dominated seller fy if all sellers in a certain ND,,; apply to be tested. Specifi-
cally, seller f; pays the application_fee > 0, but would not be tested and, therefore,
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would receive neither any additional demand nor additional profit. Under cer-
tain conditions, applying with g remains a strictly dominated strategy for a glob-
ally dominated seller f; even when all but the cheapest seller of a certain ND_;;
apply to be tested (see Benndorf et al., 2015, for a similar idea). According to def-
inition 2, if one globally non-dominated seller offers a strictly cheaper product
model than another non-dominated seller, he also offers a strictly lower quality.
Therefore, the cheapest globally non-dominated product model also reflects the
strictly lowest quality of all globally non-dominated product models.

We now compare the respective cheapest globally non-dominated and glob-
ally dominated product models. There is no globally dominated seller who of-
fers a strictly cheaper product model than the seller offering the strictly cheap-
est product of all globally non-dominated sellers (see lemma 7 in appendix C.1).
Using lemma 7, we can now prove the conditions under which applying with
qt¢ remains a strictly dominated strategy for a globally dominated seller f; if
seller fy(r)c does not have an incentive to apply to be tested. We denote the
set of sellers fy € ND with an application incentive as NDgy,,, € ND. We
define this set for globally non-dominated sellers only because, if IND.; C
NDgppry, no globally dominated seller will apply to be tested. Furthermore,

we define (81,...,8¢t1,8t11,---, §n)T as an arbitrary, but fixed, strategy vector of
all sellers in {o(F) \ fi}. Note that any lemma holding for this strategy vector

(81,...,81,841,---, §n)T will hold for all strategy vectors

) ( donot apply, apply with q, apply with q{alse e{R\q1)
$t-1 c do not apply, apply with q_1, apply with tlilsf e{R\ q¢_1}
Str1 do not apply, apply with q1, apply with qﬁsf e{R\ g1}

Sn do not apply, apply with qn, apply with fflse € {R\ qn}

An even weaker condition under which globally dominated sellers would not
have an incentive to apply to be tested is as follows. If a globally dominated
seller f; is dominated in expectation by the seller offering a strictly cheaper prod-
uct model than all other globally non-dominated sellers, and if all sellers in a
critical set of sellers except the one offering the cheapest product model apply to
be tested, seller f; would not have an incentive to apply for testing (see lemma 8
in appendix C.1).

When analyzing the conditions that discourage applying when sellers state a
false quality, it turns out that it is not possible to lie in way to congest all of a
seller’s rivals’ testing slots. Moreover, if none of a seller’s rivals apply, applying
with a false quality would decrease profits by the punishment_fee compared to ap-
plying stating a true quality. Applying with a false quality such that a seller’s
product model is not tested would not increase demand, but would decrease
profits by the application_fee compared to not applying. Therefore, applying to
be tested stating a false product quality is a strictly dominated strategy for any
seller f; € o(F) (see lemma 9 in appendix C.1).
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By contrast, we now examine the conditions that encourage applying when
sellers state their true quality. In general, the demand for seller f;’s product model
can be calculated as follows:

1
E(d(qt/pt)) - i {ft_f{omufo}} - (14)
h=1 #{fj e G(F)!E<uh(9h' qimj)) - E<uh(eh’ qt’pt)>}

We know that the other sellers” application behavior influences whether a glob-
ally dominated seller is also locally dominated in the set of applicants K. There-
fore, we compare a seller’s situation if f; € K with his situation if fy € {o(F) \ K}.

With AdE(d(qt,pt)!(§1,...,§t,1,§t+1,...,§n)T>, we denote the change of ex-

pected demand for f;’s product model after he applies to be tested with q; com-
pared to the change if he does not apply to be tested, given an arbitrary, but fixed,
strategy vector of all sellers in {o(F) \ f¢}. In the following, we use A{E(d(qt, p+))
as short notation for A{lE (d(qt,pt)l (81,...,81,8t1,---, §n)T .

A seller has an incentive to apply for testing with a true quality if, and only
if, the additional profits after applying exceed the application_fee (see lemma 10
in appendix C.1). Note that this condition never holds for a globally dominated
seller f; if a critical set ND,,;; € NDc,; apply to be tested and state their true
qualities, as fi’s product model would be locally dominated in K, and would
not be tested. As such, there would be no additional demand, making an ap-
plication with a true quality a strictly dominated strategy. Furthermore, seller
fo(r)c offering the cheapest product model is the only seller from whom buyers
would have bought under complete information who may not have an incentive
to apply to be tested. Recall that there is no globally dominated seller offering a
strictly cheaper product model according to lemma 7. Therefore, seller fj = f)c
may garner positive demand even without applying and AJE(d(qj, pj)) [f; € K]
may be negative. Finally, if at least one non-tested seller offers a strictly cheaper
price than seller f;, the application criterion can be simplified for seller f; to
(pt — c(qi))d(qe, pt) [fr € K] > application_fee.

We now sort the globally non-dominated sellers such that the ones with (with-
out) an incentive to apply with q¢ are listed first (last). We denote this permuta-
tion with v.

v:{fl,...,fm}_>{f1,...,fm}

fe = ]l{ftENDﬂpply}v<ch (1
):

{fi ENDamﬂy}>

+1 {ftE{ND\NDﬂpply}}v( (15)

HND g+ 31 1 {

ij{ND\NDupply}})

Using this permutation, the first #N D, entries in the following vector in propo-
sition 2 represent the strategies of sellers with an incentive to apply with a true
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quality. The next #{ND \ ND,,, } entries represent the strategies of globally non-
dominated sellers without an application incentive. The next (n —m) entries rep-
resent strategies of globally dominated sellers without an application incentive.
The next #B entries represent strategies of buyers b; to by who choose the product
model that maximizes their expected utility given the tested product models in
ND,p1y, and the cheapest non-tested product model in {o(F) \ NDgy }-

Proposition 2 (Unique Nash equilibrium). Let (§1,..., 81, $t+1,---, §n)T be an ar-
bitrary, but fixed, strategqy vector of all sellers in {o(F) \ fi}. Furthermore, we assume
ANDit € NDcy, with NDeyiy € ND and all buyers know that NDgy,, = ND. Since
we assume that the product testing organization tests all remaining non-tested product
models after each iteration of the algorithm until there are no more promising non-tested
product models remaining, it follows that a unique Nash equilibrium

(apply withqy, ..., apply with qUND )7 donotapply, ..., donot apply,

T
1 S
buy product model of seller f&?ﬁ)’ ..., buy product model of seller faﬁ)

exists, with fL_, ..., S _ ¢ NDgppiy- In equilibrium, all sellers of product models that
o(F) o(F)

buyers would have bought under complete information apply to be tested while stating
their true quality, and are tested. All other sellers do not apply to be tested.

The proof of proposition 2 can be found in appendix C.1. Note that proposi-
tion 2 also holds if all buyers know that ND g, = ND \ fo(F)c since buyers know
that f,(r)c must be globally non-dominated, according to lemma 7, and since it
is sufficient for globally dominated sellers not to have an incentive to apply for
testing if NDypn, = NDeyis \ fo(r)c, given the assumptions of lemma 8. We now
compare the aggregate consumer surplus and seller profits resulting from propo-
sition 2 to those in a world of complete information (see definition 5).

Proposition 3 (Expected consumer surplus and seller profits under SELLERSAP-
PLY). Given the assumptions of proposition 2 (Unique Nash equilibrium), it follows that
SELLERSAPPLY leads to the identical consumer surplus (and profits for globally domi-
nated and non-dominated sellers) that would occur under complete information.

The proof of proposition 3 can be found in appendix C.1. Note that proposi-
tion 3 also holds if all buyers know that ND,,,, = ND \ fo(F)e since buyers know
that f,(r)c must be globally non-dominated, according to lemma 7, and since it
is sufficient for globally dominated sellers not to have an incentive to apply for
testing if ND gy, = NDgyit \ fo(r)c, given the assumptions of lemma 8.

2.3 Comparing consumer surplus resulting from the BEST-
SELLERS versus SELLERSAPPLY mechanism

We end this section with a comparison of the consumer surplus generated from
the two mechanisms. The proof of proposition 4 can be found in appendix C.1.
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Proposition 4 (Comparing consumer surplus resulting from BESTSELLERS and
from SELLERSAPPLY). Given the assumptions of proposition 3 and given the same
number of testing slots, SELLERSAPPLY outperforms BESTSELLERS by leading to the
optimal, higher consumer surplus in all possible cases but two. In the two exceptions
stated in proposition 1, both SELLERSAPPLY and BESTSELLERS lead to the same opti-
mal consumer surplus.

3 Experimental design and hypotheses

Based on the product testing game introduced in the previous section, we de-
sign a laboratory experiment to test our theoretical predictions and ascertain the
extent to which these predictions are observed with human decision makers. In
particular, unraveling has been shown to decrease in more complex experimental
settings (see Hagenbach and Perez-Richet, 2018, and Jin, Luca, and Martin, 2018).
Recall that our mechanism includes two product model dimensions (quality and
price) as well as the option for sellers to state a false quality when applying to
be tested. We design four experimental treatments. The first two represent two
versions of BESTSELLERS, while the latter two represent two versions of SELL-
ERSAPPLY (see section 2 for details). We include two versions of BESTSELLERS
as different scenarios may exist in which different samples of available product
models are tested.

BESTSELLERS-WORSTCASE To model a scenario in which the market functions
extremely poorly, we design a worst-case-scenario regarding bestselling
product models, i.e., bestsellers are the product models vertically furthest
away from globally non-dominated ones.'?

BESTSELLERS-RANDOM We also design an intermediate bestseller scenario
where bestsellers are chosen randomly among all product models. We in-
clude this treatment to investigate whether our new mechanism outper-
forms chance.®

SELLERSAPPLY-LYINGPOSS(IBLE) This treatment represents the scenario where
sellers may apply for testing and provide a false quality. While the option of
providing a false quality does not change the equilibrium predictions (see
lemma 9), it makes the SELLERSAPPLY mechanism more complex. There-
fore, we consider it important to investigate this treatment in the lab.

SELLERSAPPLY-TRUTH This treatment represents the scenario where sellers
may apply for testing and are not allowed to provide a false quality.

12We are aware that this presents an extreme scenario. In this scenario, sellers with the most
dominated product models would earn relatively high profits per sold unit given that their prices
are highest among product models of the same quality. This relatively greater profit could be
spent on advertising to attract more buyers.

13The share of globally non-dominated product models among all bestsellers is 21.7 %. Note
that we consider this to be a fair test of choosing bestsellers randomly because the mean share of
globally non-dominated product models in all markets is 23.3 %.
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In the following, we describe a simplified version of the (general) product test-
ing game introduced in section 2 which provides the basis for our experimental
design. For simplicity, we assume that #quality levels < co. Furthermore, we as-
sume that there is no pair of sellers offering their respective product models at
the same price, i.e., Vi, fs € o(F) with t # s, we require that p; # ps. The product
testing organization is assumed to provide at least as many testing slots as there
are quality levels, i.e., k > #quality levels. Moreover, we assume the punishment_fee
to be strictly higher than the maximal additional profit a globally non-dominated
seller could make by applying to be tested with a false quality given other sellers’
arbitrary, but fixed, strategies. Given these assumptions, we show in appendix D
that proposition 2 (Unique Nash equilibrium) still holds.

In our experiment, we use a between-subject design, i.e., per session, we con-
duct one treatment. Each session consists of twelve rounds/markets with differ-
ent quality-price combinations. At the end of a session, one of the twelve rounds
is chosen randomly for payment (4 ECU = 1 EUR). In each session, we include 15
sellers (n = 15), 8 buyers (s = 8) and one product testing organization which is
implemented as a computer algorithm rather than a participant. Player roles are
assigned randomly at the beginning of a session and remain constant afterwards.
The product testing organization selects at most five product models to be tested
(k =5).

During the experiment, sellers are assigned product models at one of five dif-
ferent quality levels, q; € {1,2,3,4,5}. This range allows for a balance between
experimental simplicity and the ability to distinguish seller behavior across prod-
uct model quality levels.'* Furthermore, we choose one of the simplest possible
unit costs functions fulfilling ¢’(q¢) > 0 and ¢”(q¢) > 0, namely the quadratic unit
costs of production, i.e., c(q¢) = g7. In our experiment, buyers are assigned across
four quality valuations, 6y, € {3,7,11, 15}, with two subjects per 6y. While buyers
know that there are three sellers per quality level, they do not know if price is
related to quality. They learn a product model’s quality only if the product test-
ing organization has revealed this or if they have purchased the product model.
Our product testing organization charges sellers an application_fee of 0.5 ECU and
a punishment_fee of 24 ECU if a false quality statement is detected.

To ensure that our experiment yields only positive total payoffs, each subject
receives an initial endowment of 100 ECU. Sellers earn 0.5 ECU per correct an-
swer when we ask them their beliefs about other sellers” behavior. For a variation
of SELLERSAPPLY-TRUTH, we ask sellers for their beliefs about both seller and
buyer behavior.

In all treatments, participants are informed in the instructions that they should
assume that there are five product models per round which were bought most
frequently in the past, while the reasons for this are unknown. Note that the ran-
dom bestsellers displayed in appendix F are used for the treatment BESTSELLERS-
RANDOM, and the worst-case bestsellers are used for all other treatments.

Among the 12 different markets, there are four different types: markets with

140Our experiment is conducted in Germany, where Stiftung Warentest uses five different verbal
quality ratings (very good, good, satisfactory, fair and poor) for product models; thus, subjects are
likely familiar with a five-item rating scale. In addition to these verbal ratings, Stiftung Warentest
also publishes more precise numerical ratings ranging from 1.0 to 5.0.
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Table 1: Number of sellers and buyers per session, and number of sessions and
participants per treatment

Number of

T Sellers per Buyersper sessions/ Partici-
reatment . . .

session session independent pants

observations

BESTSELLERS-WORSTCASE 15 8 5 115
BESTSELLERS-RANDOM 15 8 5 115
SELLERSAPPLY-LYINGPOSS 15 8 5 115
SELLERSAPPLY-TRUTH 15 8 5 115
SELLERSAPPLY-TRUTH (with 3 5 115
beliefs about buyer behavior)
Total 25 575

5, 4, 3, or 2 globally non-dominated product models (markets 1-3, 4-6, 7-9, and
10-12, respectively; see appendix F for a graphical overview). Within a session,
one type of market is played for 3 rounds in the same random order to exclude
learning about market types. Moreover, all 12 markets differ in their quality-price
combinations, which are assigned exogeneously. For all globally non-dominated
product models in each market, prices are slightly higher than marginal costs. In
addition, the price-quality combinations of these product models are chosen such
that, under complete information, two buyers with the same theta would either
buy the globally non-dominated product model with optimal quality if available
(9129223—>q*=2,93=94=7—>q*=3,95=96=11—>q*=4,
07 = 0g = 15 — g* = 5), or refrain from buying otherwise. Thus, we ensure
that, under complete information, no buyer would choose a product model with
q = 1, which corresponds to Stiftung Warentest’s “poor” rating. This rating is
given when a product model is considered unacceptable for all, as when it does
not suit its claimed purpose and/or entails unacceptable risks such as high toxic
material levels. Again to prevent learning across rounds, we choose quality-price
combinations for globally dominated product models such that there are three
product models per quality level and the correlation between quality and price is
below 0.01.

We base our hypotheses on our theoretical results from section 2 and ap-
pendix D. In particular, H1, H2, and H3 are consequences of propositions 2, 5,
and 6, while H4 is a consequence of proposition 4.

H1: Seller behavior Under SELLERSAPPLY-LYINGPOSS and SELLERSAPPLY-
TRUTH

— globally dominated sellers will not apply to be tested.

— with the exception of q; = 1, globally non-dominated sellers will apply
to be tested and will, if applicable, state their true quality.

H2: Content of the product test The product test will contain the following:
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— no information on globally non-dominated product models under
BESTSELLERS-WORSTCASE,

— information on 21.7 % of globally non-dominated product models un-
der BESTSELLERS-RANDOM, and

— information on all globally non-dominated product models under both
SELLERSAPPLY-TRUTH and SELLERSAPPLY-LYINGPOSS.

H3: Buyer behavior Buyers will choose the least number of globally non-
dominated product models under BESTSELLERS-WORSTCASE, more under
BESTSELLERS-RANDOM, and only globally non-dominated product models
under both SELLERSAPPLY-TRUTH and SELLERSAPPLY-LYINGPOSS.

H4: Surplus and profits Per capita, the following will hold:

— consumer surplus as well as globally non-dominated seller profits are
lowest under BESTSELLERS-WORSTCASE, higher under BESTSELLERS-
RANDOM, and highest under both SELLERSAPPLY-TRUTH and
SELLERSAPPLY-LYINGPOSS.

— globally dominated seller profits are highest under BESTSELLERS-
WORSTCASE, lower under BESTSELLERS-RANDOM, and lowest under
both SELLERSAPPLY-TRUTH and SELLERSAPPLY-LYINGPOSS.

Our experiment was comprised of 25 sessions and was conducted between Jan-
uary 2017 and December 2018 at the Essen Laboratory for Experimental Eco-
nomics (elfe), Germany. We conducted five sessions per treatment, with the ex-
ception of SELLERSAPPLY-TRUTH, where we conducted an additional five ses-
sions in which sellers were asked for their beliefs about buyer behavior. In total,
575 subjects participated in the experiment. On average, a session lasted two
hours, and a subject earned 27.39 EUR. More details on the number of partic-
ipants are displayed in table 1. Participants were invited to participate in the
experiment using ORSEE (Greiner, 2015). The experiment was programmed and
conducted with zTree (Fischbacher, 2007). A translated version of the instruc-
tions can be found in appendix G. Translated screenshots of the main decision
situations in z-Tree can be found in appendix H.

4 Experimental results

We analyze the data with R 3.5.1 (R Core Team, 2018). Unless stated other-
wise, we report the results of two-sided Mann-Whitney-U tests for all treatment
comparisons, conservatively counting one experimental session as one indepen-
dent observation. Since we did not find any significant differences between
SELLERSAPPLY-TRUTH with and without asking for beliefs about buyer behav-
ior, we pool these data in our subsequent analyses.
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Figure 3: Share of sellers who do or do not apply to be tested, stating a true or
talse quality (if applicable)
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Note: For all treatment comparisons, we report the results of two-sided Mann-Whitney-U tests,
conservatively counting one experimental session as one independent observation. We denote
p-values as follows: *** < 0.01, ** < 0.05, and * < 0.1.
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4.1 Seller behavior

Figure 3 depicts the share of sellers who do and do not apply to be tested, split
by sellers with globally dominated versus globally non-dominated product mod-
els.!® In line with our first hypothesis H1, figure 3 shows that most globally domi-
nated sellers do not apply to be tested (70.9 % under SELLERSAPPLY-LYINGPOSS,
83.1 % under SELLERSAPPLY-TRUTH). Also in line with H1, we see from fig-
ure 3 that most globally non-dominated sellers do apply to be tested (70.5 %
under SELLERSAPPLY-LYINGPOSS, 82.1 % under SELLERSAPPLY-TRUTH). More-
over, under SELLERSAPPLY-LYINGPOSS, we see that only 7.4 % (2.9 %) of glob-
ally dominated (globally non-dominated) sellers apply stating their false quality,
which is marginally significantly (not significantly) different from zero (sign test,
p-values 0.06 and 0.12, respectively).

Interestingly, we further see from figure 3 that more globally domi-
nated sellers apply to be tested under SELLERSAPPLY-LYINGPOSS compared
to SELLERSAPPLY-TRUTH, but fewer globally non-dominated sellers do so.
Thus, we see that SELLERSAPPLY-LYINGPOSS reflects a greater degree of out-of-
equilibrium behavior. We summarize our first main result as follows.

Result1 In line with H1, under SELLERSAPPLY-LYINGP0OSS and SELLERSAPPLY-
TRUTH:

— most globally dominated sellers do not apply to be tested.

— most globally non-dominated sellers do apply to be tested and, if ap-
plicable, state their true quality.

However, not in line with H1, there is more out-of-equilibrium behavior
under SELLERSAPPLY-LYINGPOSS than under SELLERSAPPLY-TRUTH.

Result 1 is consistent with previous experimental findings (see, for example, Ben-
ndorf et al., 2015) which show that participants behave largely but not completely
in line with theoretical predictions.

The finding that SELLERSAPPLY-LYINGPOSS elicits greater out-of-equilibrium
behavior means that the number of sellers with globally non-dominated product
models who apply to be tested will impact the number that are tested. It further
implies that if sellers with globally dominated product models apply stating false
qualities to the extent that they create testing congestion, globally non-dominated
product models may end up being squeezed out of the testing pool. The next
subsection presents the degree to which this actually happens.

4.2 Content of the product test

Figure 4 shows the respective shares of globally dominated and non-dominated
product models in the product test pool. In line with our second hypothesis

15Note that “globally non-dominated” includes sellers with q¢ = 1 for markets 1 to 3 in which
five globally non-dominated product models exist. While we do not expect these sellers to apply
for testing, we include them in our analysis to be consistent with markets 4 to 12 in which all
sellers with globally non-dominated product models are predicted to apply to be tested.
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Figure 4: Share of globally (non-)dominated product models in the product test

[0 globally dominated
O globally non-dominated

Eo%

L

k%%

E3F

10 20 30 40 50 60 70 80 90

st

0
\

Note: For all treatment comparisons, we report the results of two-sided Mann-Whitney-U tests,
conservatively counting one experimental session as one independent observation. We denote
p-values as follows: *** < 0.01, ** < 0.05, and * < 0.1.
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H2, the product test yields the least globally non-dominated product model in-
formation under BESTSELLERS-WORSTCASE (0 %), more under BESTSELLERS-
RANDOM (21.7 %), more still under SELLERSAPPLY-LYINGPOSS (79 %), and most
under SELLERSAPPLY-TRUTH (96.1 %). Note that the shares under BESTSELLERS-
RANDOM and BESTSELLERS-WORSTCASE are determined by design. In particu-
lar, under BESTSELLERS-WORSTCASE, since the bestsellers are all globally dom-
inated, no globally non-dominated product models are tested. Also note that,
by design, 21.7 % of globally non-dominated product models are tested under
BESTSELLERS-RANDOM as this reflects the share of globally non-dominated prod-
uct models in all markets (23.3 %).

Figure 4 further shows that the product test pool contains fewer globally
non-dominated product models under SELLERSAPPLY-LYINGPOSS than under
SELLERSAPPLY-TRUTH (difference: 17.1 percentage points), but more than un-
der BESTSELLERS-RANDOM (difference: 57.3 percentage points). Thus, we find
that although out-of-equilibrium behavior under SELLERSAPPLY-LYINGPOSS de-
creases the share of globally non-dominated product models in the test, this share
remains higher than that under BESTSELLERS-RANDOM. We summarize our sec-
ond main result as follows.

Result 2 In line with H2, the product test provides the least information on
globally non-dominated product models under BESTSELLERS-WORSTCASE,
more under BESTSELLERS-RANDOM, and more still under SELLERSAPPLY-
LYINGPOSs. However, not in line with H2, the product test provides
even more information on globally non-dominated product models under
SELLERSAPPLY-TRUTH.

4.3 Buyer behavior

We next examine the relation between buyer information and behavior under
the different mechanisms. Figure 5 shows that, consistent with H3, buyers
choose the fewest globally non-dominated product models under BESTSELLERS-
WORSTCASE (48.1 %), more under BESTSELLERS-RANDOM (65.4 %), more still
under SELLERSAPPLY-LYINGPOSS (82.1 %), and the most under SELLERSAPPLY-
TRUTH (88.2 %). Note that the relatively large shares of buyers choosing
globally non-dominated product models under BESTSELLERS-RANDOM and
BESTSELLERS-WORSTCASE can be explained by the large share of buyers who
choose the cheapest product model, which is always globally non-dominated
(53.5 % of all buyers who choose globally non-dominated product models under
BESTSELLERS-RANDOM, 90.9 % under BESTSELLERS-WORSTCASE).

Figure 5 further shows that buyers choose fewer globally non-dominated
product models under SELLERSAPPLY-LYINGPOSS (82.1 %) compared to
SELLERSAPPLY-TRUTH, but more than under BESTSELLERS-RANDOM. Figure 5
also shows a positive share of non-buyers for each treatment, but no signifi-
cant difference across treatments. We do find that buyers choose the highest
number of globally dominated product models under BESTSELLERS-WORSTCASE
(35.2 %), fewer under BESTSELLERS-RANDOM (24.2 %), and the fewest under
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Figure 5: Share of buyers choosing. ..
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Note: For all treatment comparisons, we report the results of two-sided Mann-Whitney-U tests,
conservatively counting one experimental session as one independent observation. We denote
p-values as follows: *** < 0.01, ** < 0.05, and * < 0.1.
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Figure 6: Mean per capita consumer surplus and profits
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Note: For all treatment comparisons, we report the results of two-sided Mann-Whitney-U tests,
conservatively counting one experimental session as one independent observation. We denote
p-values as follows: *** < 0.01, ** < 0.05, and * < 0.1.

SELLERSAPPLY-LYINGPOSS and SELLERSAPPLY-TRUTH (5 % and 3.8 %, respec-
tively). Thus, we summarize our third main result as follows.

Result 3 Inline with H3, buyers choose the fewest globally non-dominated prod-
uct models under BESTSELLERS-WORSTCASE, more under BESTSELLERS-
RANDOM, and more still under SELLERSAPPLY-LYINGPOSS. However, not
in line with H3, buyers choose an even greater number of globally non-
dominated product models under SELLERSAPPLY-TRUTH.

4.4 Surplus and profits

In our final set of experimental results, we examine participant payoffs across
different treatments. From figure 6, we see that, consistent with H4, per capita
consumer surplus is lowest under BESTSELLERS-WORSTCASE (5.7 ECU), higher
under BESTSELLERS-RANDOM (12.4 ECU), and highest under SELLERSAPPLY-
LYINGPOSS and SELLERSAPPLY-TRUTH (17 ECU and 17.8 ECU, respectively).
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Figure 6 further shows that globally non-dominated seller profits are lowest un-
der BESTSELLERS-WORSTCASE (2.3 ECU), higher under BESTSELLERS-RANDOM
(6.1 ECU), and highest under SELLERSAPPLY-TRUTH (8.3 ECU). Figure 6 also
shows that globally non-dominated seller profits are lower under SELLERSAPPLY-
LYINGPOSS (7.2 ECU) compared to SELLERSAPPLY-TRUTH, but still higher than
under BESTSELLERS-RANDOM. Again in line with H4, figure 6 shows that
globally dominated seller profits are highest under BESTSELLERS-WORSTCASE
(5.4 ECU), lower under BESTSELLERS-RANDOM (3 ECU), and lowest under
SELLERSAPPLY-LYINGPOSS and SELLERSAPPLY-TRUTH (0.3 ECU in both treat-
ments). Thus, we summarize our fourth main result as follows.

Result 4 In line with H4, per capita

— consumer surplus is lowest under BESTSELLERS-WORSTCASE , higher
under BESTSELLERS-RANDOM, and highest under SELLERSAPPLY-
LYINGPOSS and SELLERSAPPLY-TRUTH.

— globally non-dominated seller profits are lowest under BESTSELLERS-
WORSTCASE, higher under BESTSELLERS-RANDOM, and highest un-
der SELLERSAPPLY-TRUTH and SELLERSAPPLY-LYINGPOSS.

— globally dominated seller profits are highest under BESTSELLERS-
WORSTCASE, lower under BESTSELLERS-RANDOM, and lowest under
SELLERSAPPLY-TRUTH and SELLERSAPPLY-LYINGPOSS.

5 Discussion and conclusion

In this study, we develop and test a novel product model selection mechanism
designed to provide more valuable information to consumers in the context of
limited testing organization capacity. Our mechanism relies on the unraveling
prediction as it allows sellers to indicate a product model’s quality when applying
for testing. We first develop a product testing game to derive testable predictions
for different product model selection mechanisms and show theoretically that
our mechanism yields optimal buyer information under certain conditions. We
then use an experimental setting to test the predictions derived from our game.
The results of our experiment show that, under our new mechanism, most sell-
ers with globally non-dominated product models apply for testing, suggesting
that information unraveling is sufficient for increasing the information provided
on globally non-dominated product models. Buyers benefit from the superior
information as they buy more globally non-dominated product models. Thus,
our experimental results confirm that our mechanism improves consumer sur-
plus compared to current mechanisms. Our results further show that globally
non-dominated seller profits increase while those of globally dominated sellers
decrease under our mechanism.

Our experimental results are consistent with those of previous studies that
find that unraveling is usually incomplete in complex settings (see Hagenbach
and Perez-Richet, 2018, and Jin et al., 2018). Nevertheless, we show that even in
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our two-dimensional context that allows for false quality statements, our mech-
anism outperforms a stylized version of current mechanisms. In particular, our
mechanism provides greater buyer information and helps sellers of globally non-
dominated product models. However, there may be concerns about adopting our
mechanism for three reasons: its sensitivity to the set of weights used to aggre-
gate the different quality sub-dimensions to one overall quality measure, its in-
fluence on the perceived credibility of the testing organizations, and its influence
on product testing organizations” publication sales.

While all product tests are based on a, to some degree, arbitrary set of weights
in order to create a uni-dimensional overall quality measure, we acknowledge
that our mechanism is particularly sensitive to the set of weights used as it also
determines which product models are globally dominated or non-dominated.
However, since test results published by Consumer Reports show that more
than half of all tested product models are globally dominated on all quality sub-
dimensions (Hjorth-Andersen, 1984), this may mitigate the concern about the
weights used to determine quality. In addition, our mechanism could be ex-
tended to include more than one set of weights. For example, a testing organiza-
tion could issue different calls for applications based on different sets of weights if
it identifies separate groups of buyers with different preferences. Thus, a testing
organization could provide customized information for each group of buyers.

Regarding the second aspect, the role of sellers in the application process in
our mechanism may raise the concern that product testing organizations will
incur a reduction in their perceived credibility. To mitigate this concern, prod-
uct testing organizations could provide a transparent explanation of the product
model selection process to buyers. This information could emphasize that the
role of sellers does not present a conflict of interest and that the testing process
continues to include anonymous test buyers and objective testing methods. Note
that a related organization, Blauer Engel, already allows sellers to apply with a
certain product model to be certified.'®

Finally, product testing organizations may be concerned about the effect of
our mechanism on their publication sales, particularly in a market in which best-
sellers receive low ratings. Under the BESTSELLERS mechanism, all bestsellers
are tested, letting buyers know only what not to buy if all bestsellers receive low
ratings. On the other hand, low ratings under this mechanism may elicit surprise
and media attention, leading to increased interest in testing organization publica-
tions. By contrast, under the SELLERSAPPLY mechanism, none of the bestsellers
may be included in the test. Buyers would then know what to buy, i.e., which
globally non-dominated product models to choose from, but buyers would not
know how globally dominated the bestsellers actually are. However, it is also
possible that our mechanism would generate increased interest in testing organi-

16In contrast to organizations like Stiftung Warentest, Consumer Reports, and Which?, the label
Blauer Engel provides information about a distinct subset of quality dimensions. It does not aim
to provide a comprehensive quality rating. Blauer Engel has been the ecolabel of the federal
government of Germany since 1978 (see https:/ /www.blauer-engel.de/en for more information).
Another difference between product testing organizations and Blauer Engel is that Blauer Engel
does not select a sample among its applicants. Instead, it considers and, if applicable, certifies
each applicant, although applicants may have to wait a certain amount of time for certification.
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zation publications since it yields a more helpful portrait of what to purchase. It
is also possible for testing organizations to use a hybrid of our mechanism and
the BESTSELLERS mechanism depending on their objectives. Overall, our paper
presents an alternative to current product model selection mechanisms with the
ultimate goal of reducing the level of information asymmetry between buyers
and sellers.
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A Sample of products

Figure 7: Sample of products tested by Stiftung Warentest 09/2016
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Note: Each dot represents one product model. The numbers in parentheses denote the shares of
tested product models relative to all available product models in Germany (source: GfK SE).
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Figure 8: Sample of products tested by Stiftung Warentest 09/2016
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Note: Each dot represents one product model. The numbers in parentheses denote the shares of
tested product models relative to all available product models in Germany (source: GfK SE).
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B Current product model selection mechanisms

Table 2: Current product model selection mechanisms
Product model

Product model selection criteria selection stan-
dardized?
main criterion: sales numbers/bestsellers;
Stiftung if applicable, organic product models
Warentest and/or product models with new features yes
(Germany) will be selected even if they are not among
the bestsellers
spectrum of models:
Consumer wide availability, incl. sales numbers not clear
Reports (US) wide range of prices
if applicable, new features
popularity, incl. sales numbers
Which? (UK) br?md reliability no
price

if applicable, innovation

Sources:

https:/ /www.test.de/unternehmen/testablauf-5017344-0/ (last accessed Dec 5, 2019); The
website provides an overview of how Stiftung Warentest selects product models. In addition, we
contacted them via telephone on December 16, 2014. Heike van Laak (head of the communication
department) confirmed that they use a standardized product model selection mechanism.

http:/ /www.consumerreports.org/cro/about-us/whats-behind-the-
ratings/testing/appliances-home/index.htm (last accessed Dec 5, 2019); The website provides
an overview of how Consumer Reports selects product models. It seems likely that they use a
standardized product model selection mechanism, but it is not completely clear. Therefore, we
contacted them via e-mail on October 6, 2016, but Nicole Sarrubbo (events and organizational
communications manager; public affairs, events and outreach manager; associate editor)
informed us that they do not provide additional information regarding their mechanism.

http:/ /www.which.co.uk/about-which /research-methods/lab-testing/ (last accessed Dec 5,
2019); The website provides an overview of how Which? selects product models. However, it is
not clear whether Which? uses a standardized product model selection mechanism. Therefore,
we contacted them via telephone. On September 30, 2016, Kim Culver (corporate affairs)
informed us that they do not use a standardized product model selection mechanism.

C Additional formal descriptions of section 2

C.1 Lemmas and proofs of section 2

Lemma 1 (Existence of a permutation o(F)). A permutation o(F) of the global set of
sellers F always exists.

Proof of lemma 1 (Existence of a permutation o(F)). We prove existence by explicitly
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stating one general permutation. Consider o : F — F, with
Fr— 1 Fyr +1 F r :
' {FTGND} ZJ:l]l{F]-eND} {FrED} #ND+Z):11{F]~€D}

]

Lemma 2 (Properties of locally non-dominated product models within
submarkets). Let fy € NDq: with fy € {fy,...,fn} and Q' C o(F). It follows that
fy € NDQ VQ - Ql with fy € Q

Proof of lemma 2 (Properties of locally non-dominated product models in submarkets).
Let seller fy € {fy,...,fn} offer a locally non-dominated product model in Q" C
o(f). It follows that Vf; € Q’, withj € {1,...,n} and P;j < P it is fulfilled that
q; < q, and Vf; € Q', with j € {1,...,n}and q; > qy, it is fulfilled that p; > py.
It follows that Vf; € Q C Q/,withj e{1,...,n}, ft € Q and pj < Pt it is fulfilled
that q; < qi, and Vfj € Q, withj € {1,...,n}, fy € Q and qj > qy, it is fulfilled that
P;j > Ppt. It follows that seller fj’s product model is locally non-dominated in Q.
Since we make no further requirements for Q, our last conclusion holds VQ C Q'
with fy € Q. It follows that seller fi’s product model is locally non-dominated
VQ C Q' with fy € Q. N

Lemma 3 (Properties of locally dominated product models within larger markets
containing a certain submarket). Let fy € Dq with fy € {f1,..., fn}and Q C o(f).
It follows that fr € Dg: VQ C Q' C o(F).

Proof of lemma 3 (Properties of locally dominated product models within larger markets
containing a certain submarket). Let seller f; € {fy, ..., fn} offer a locally dominated
product model in Q C o(f).

+— 3f; € Q fulfilling p; < pr and qj > qy, or p; < prand q; > q¢.

Since Q C Q’, we know that 3f; € Q' fulfilling p; < pt and q; > qy, or p; < py
and qj > qq. It follows that f; € Do VQ € Q' C o(F). O

Lemma 4 (Transitivity of being (locally or globally) dominated). Let f; be domi-
nated by fj in Q C o(F), and let f; be dominated by f in Q. It follows that f is also
dominated by fy in Q.

Proof of lemma 4 (Transitivity of being (locally or globally) dominated). Let f; be dom-
inated by f;j in Q. It follows that py > p; and q¢ < gj, or py > p;j and q¢ < q;. We
also know that f;j is dominated by fi in Q. It follows that p; > py and q; < qy, or
pj > prand ¢; < qx. Combining both conclusions, we have four possible options:
Pt = Pj = prand g¢ < qj < qx,

pt = Pj > prand gt < qj < gy,

Pt > Pj = prand gt < g < gy, or

pt > Pj > prand qe < gj < (k.

Thus, it follows that:

pt = Pk and gt < qx,

pt > prand q¢ < qy,

Pt > pk and q¢ < qi, or

pt > pr and gt < k.

In each case, it follows that f; is dominated by f} in Q. O
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Lemma 5 (Relationship between local dominance and composition of a set of
rivals). Assume fy € Dq. It follows that (Rt " NDq} # 0.

Proof of lemma 5 (Relationship between local dominance and composition of a set of ri-
vals). Assume fy € Dq. Since Q = NDq U Dq, 3 seller fj € {Ry N Q}, with either
f; € {ReNNDg}, or fj € {R¢N Dq}. If f; € {R N NDg}, our proof would be com-
plete. Therefore, let us consider f; € {R¢N Dqg}. We know about the globally
dominated seller fj that 3 seller fy € {R; N Q}, with either fi € {R; " NDg}, or
fx € {RjNDq}. Again, if fy € {R; N NDg}, our proof would be complete. There-
fore, we consider f € {R; N Dq}. We continue this procedure as long as there are
no more locally dominated sellers in Q remaining. Recall from subsection 2.1 that
the number of locally dominated sellers in Q is finite since the number of global
sellers is finite. At the maximum, the procedure consists of (#Dq — 1) steps. Let
fi € Dq be the last seller in this procedure to be dominated by a seller fx € NDg.
It follows that fy € {R; N Q}. Due to the transitivity of being dominated (see
lemma 4), we can conclude that f, € {R¢ N Q}. It follows that (Rt "NDq} # (. [

Proof of proposition 1 (Expected consumer surplus and seller profits under BEST-
SELLERS). The expected consumer surplus equals

N

D Ohg*  —  —p"

hol o {ND U e} {NDUT g e Ufo |

The expected profits of globally dominated sellers equal

: (u-eta)
fi=f S
i S {NDK/Uf{o'(F)\K/}CUfO}

t=m+1h=1 #{fj € o(F)IE(un(0n, g, pj)) = E(un(6n, q¢, pt) }

The expected profits of globally non-dominated sellers equal

! ()
fr=fh -
i : {NDK’Uf{u(F)\K’}CUfo}

t=1 h=1 #{fj € o(F)|E(un(6n, g5,p5)) = E(un(6n, qi, pt) }

Lower consumer surplus o
Let K/ # ND, and Vf; € ND with f; ¢ K; db, €

Bestsellers Bestsellers

fke{f{G(F)\W}CUWUfO} E(ul(quk,Pk)>, and f ¢

E(ul(el, qQx, pk)>. According to f; € ND,
Ufo}

{b1,...,bs}, with f; = argmax

arg max
g fre { f FI\K” ¢ UKl,Bestsellers
{G (F\ Bestsel!ers}
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db; € {bq,...,bs} with f]' = argmax }E<u1(91, %Pk)) and

fiee{ 1o ) ey UNDUIg
with

max ]E<u1(91, qk,Pk))
fiee{ 1oy reye UND U

max E(ul(el, qk,pk)>.

fre {f c UK Uty
{U (FI\K é estsellers} Bestsellers

This inequality holds since b; must deviate from selecting her complete informa-
tion optimal product model to a different product model according to our require-

Nis] E
fke{f{a(F)\W}cUNDufo} <u1(61/ qk,pk)> +
f{G(F)\KI s Therefore, it follows that by’s utility is strictly lower under

Bestsellers

BESTSELLERS compared to a world of complete information, and consequently,
so is the aggregate consumer surplus.

/
ments that f; ¢ Kg ., ... and argmax

Identical consumer surplus

(i) Let K! = ND, and Vb, € {by,...,bs} the following holds:

Bestsellers

max { E u1<61,q{g(F)\w}c,p{U(F)\w}c>>,0} < maxfjemu(el,qj,pj).

This leads to an identical optimization problem in a world
of complete information and with BESTSELLERS for each

buver,  ie. - ]E( 0L qi, ) _
uyer, 1.e argmaxfke{f{G(F)\W}cuNDUfo} ul( 1, 9k Pk)

arg max E(ul(el,qk,pkn Vb, € {bq,...,bs}
Ufo}

fke{f{c(F]\Kl

Bestsellers

Therefore, by’s utility under BESTSELLERS is identical to that in a world of
complete information. It follows that the consumer surplus is also identical.

}C UKI

Bestsellers

(i) Let Kl #+ ND and 3! € ND such that
Vb S {by,...,bs} with f ¢ K/ and T =

Bestsellers
arg max } E (ul (91, qx, pk)>, the following holds:

fiee{ 1o ) ey UNDUIg

fj = argmax }E(ul(el,qk,pk)>. In ad-

c
fke { { 0‘(F)\Kl.{?estsellers } UKEIiestsellersUfO

dition, Vfy € {ND\fj}, let ]E(d(qx,px)>[complete[nformation} =
E(d(qx,px)> [Bestsellers].  In this case, we know that except Vb, €

{by,...,bs} with f; = arg maxfke{f{G(F)\W}cUWUfo} E(ul(el, qk,pk)>, every

buyer selects the same optimal product model as under complete informa-
tion per our assumption. Therefore, the utility of these buyers is identical in
a world of complete information and with BESTSELLERS. Vby € {by,..., bs}

with f; = argmaxfke{f{gm\mcuﬁufo} E(ul(el, kapk)>, we assume f; =
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c UK/

Bestsellers Bestsellers

f{G(F)\K, K = argmaxfke{ UfO}E<ul(61, qk,pk)).

f{G(F ) \Kl/?estsellers}
Therefore, these buyers also select the same optimal product model as

they do under complete information. It follows that all buyers select the
same optimal product model as under complete information, and that the
consumer surplus is identical.

]

Lemma 6 (A first condition under which globally dominated sellers would also be
locally dominated in a set of sellers). Let fi € D. It follows that YND C Q C o(F),
with fy € Q, seller fy’s product model is also locally dominated in Q, i.e., fy € Dq.

Proof of lemma 6 (A first condition under which globally dominated sellers would also
be locally dominated in a set of sellers). Let fy € D, and let ND € Q C of(F) be a
set with fy € Q. Let f; € {ReNND} € ND C Q. (Note that the set R; is non-
empty since fy € D. The set {R; N ND} is also non-empty since R; cannot consist
of only globally dominated sellers because dominating another seller is transitive
according to lemma 4 (Transitivity of being (locally or globally) dominated), and
each globally dominated seller is rivalled by at least one globally non-dominated
seller.) Therefore, it follows that f; € Q. Since fj € Ry, it follows that {Ry N Q} is
non-empty, and that f; is locally dominated in Q. O

Lemma 7 (Comparing the prices of the respective cheapest globally non-
dominated and globally dominated product models). Let fsfc = fype =
argming .\p Pk e the seller offering a strictly cheaper product model than all other
globally non-dominated sellers, and let fy € D be a globally dominated seller. It follows
that po(rje < pt Vfr € D.

Proof of lemma 7 (Comparing the prices of the respective cheapest globally non-dominated
and globally dominated product models). Let fopc = fnpe = argming \p Pk be
the seller offering a strictly cheaper product model than all other globally non-
dominated sellers, and let f; € D be a globally dominated seller. Seller f; can-
not offer a strictly cheaper price than f;)c because he would be globally non-
dominated otherwise, irrespective of his quality q;. This argument applies to all
globally dominated sellers, i.e., also to the one with the lowest price of all globally
dominated sellers. It follows that p)c < pt Vft € D. Thus, the cheapest glob-
ally dominated product model can offer either the same or a higher price than the
cheapest globally non-dominated product model. O

Lemma 8 (A weaker condition under which globally dominated sellers would

not have an incentive to apply to be tested). Let (§1,...,§t_1,§t+1,...,§n)T be
an arbitrary, but fixed, strategy vector of all sellers in {o(F)\ fi}. Furthermore, let
fope = argming .\ppx € ND be the seller offering a strictly cheaper product
model than all other globally non-dominated sellers, and let fy € D be a globally

dominated seller. Let seller e dominate seller fy in expectation, i.e., ((pgmc <
pt) A (E(qere) > qt)> V ((pcmc < pt)NE(qgre) = qt)>. In addition, let

NDit € NDg¢,j, with fO‘(F)C € ND, and {NDg \ fO‘(F)C} C ND It fOllOZUS
that seller f does not have an incentive to apply to be tested with q.

apply-
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Proof of lemma 8 (A weaker condition under which globally dominated sellers would
not have an incentive to apply to be tested). Let fope = argming .\p Pk € ND
be the seller offering a strictly cheaper product model than all other globally
non-dominated sellers, and let fi € D be a globally dominated seller. Let

seller fpc dominate seller f; in expectation, i.e., <(p0(F)c < pe) A (E(qore) >

qt)> <(p0-[]:)c < p)AN(E(qope) = qt)>. Furthermore, let ND_,;; € ND,;;, with

fO—(F)c € NDi, let {NDgr \ fo—(]:)c} - NDapply/ and let f e € {O' \NDapply}
If seller f; applies to be tested stating q, we can distingmsh two cases: either
fe ¢ K/, or fy € K'. In the first case, seller fi’s product model would not be tested,
but f; would have to pay the application_fee. Therefore, his profit would be lower
compared to the case had he not applied for testing.

In the second case, seller fi’s product model would be tested, but would not
receive additional demand since, according to lemma 7 (Comparing the prices of
the cheapest globally non-dominated and the cheapest globally dominated prod-
uct model), the cheapest globally non-dominated seller also offers the cheapest
product model among all sellers. Therefore, buyers know the price and the ex-
pected quality of the cheapest globally non-tested product model. Since f; is
assumed to be dominated by f)c in expectation, f would not receive any addi-
tional profit, but would have to pay the application_fee > 0. It follows that seller
fy does not have an incentive to apply to be tested with qy. O

Lemma 9 (Applying to be tested stating a false product quality). For seller f;

o(F), applying to be tested stating a false product quality q’?lse is a strictly dominated
strategy.

Proof of lemma 9 (Applying to be tested stating a false product quality). Since a
global market consists of globally dominated and non-dominated sellers, we

show for both types that applying to be tested stating a false quality q{”lse
is a strictly dominated strategy. Let us start with fi € {D N Kgy}. Since

alse
{Ktrue Y {f/; |f0 < Kfalse}} N ND{KtmeU{fff’)llsg‘fo eralse}} Y D {Ktrueu{ffglse”o eralse}}’
separate expected profits after applying with a falsely stated quality into two dis-

we can

joint cases. The first (second) summand represents the case where seller f{alse is
locally dominated (locally non-dominated) within the set of applicants. It follows
that

E(Wt(qt/pt)) [ft € {D N Kfalse}}

=1
fﬁzlseeD
{ ' {KtrueU{f@lse‘fOEKfulse}}

1 o
X ( (me(qe o)) {‘Ja N {Km,eu{f’(?’“\foeKﬁ,zse}} — AP llcatwn_fee)

+1
ffalseeND
{ ' {KtrueU{flglse‘fOEKfulse}}
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alse .
X (]E(ﬂt(qt,]?t)) {f{ € ND {Kmu{f{?zseﬁoerulse}}} — application jee)

=1
lse / —
{ {f{ {Ktrueu‘{ffalse‘fo Englse}} }ﬂ {{Kl ﬂKﬁzlse}*@} }

I Lo
x (E T[t qt’ pt ffa N {KtrueU{ff(i)ﬂseHoGKfulse}}} a {{K{ M Kfulse} - @}:| N appllcatlonjee)

alse ’
{{ r €D Ktmeu{ff fOEKﬂZlSE}}}ﬂ{{KlﬂKfalse}#w}}

alse / ..
X <]E Tft qt’ pt ff < D{KtrueU{f{L)zlse|fo€Kfulse}}} 4 {{Kl 4 KflllSE} # @}:| N appllcatlonjee)

#"eND m{fteDK/}
Km,eu{ff \foerulse}} 1

alse ..
X <]E e (qe, Pt ff € ND{Ktrueu{ffglse”oEnglsg}}} N {ft € DK{}} —applzcatzon_fee)

alseEND m{fteNDK/}
KtrueU{ff HOerulse}} 1

alse Lo
X <]E 7 (qt, Pt)) ff € ND{Km,gu{f/é”selfoEKfmSE}}} N {ft € NDK{H —applzcatzonjee)

{ { flSGED{KtrueU{f)gllsefOerulse}} }ﬂ{ {K{ﬂKfalse}:m} }
: <E (T[t qt, Pt ) [{ffalse {KtrueU{fﬁllseHoEKfalse}}} : {{K{ N KfalSE} - Q)}:|

— application _fee)

+1
ffalse D - { K’ Kase @} 1:ﬁzlse D
{{ © € {Kweu{f{)l foeKﬂ,ISe}}}m { 1K }7’é ﬂ{ t € {Ktrﬂeu{f}zlsefOE{KfalSE\K{}}UK{}}}
X <E(7Tt dt, Pt ) |:{ffalse {KtmgU{f/leseHoerulse}}} N {{K{ N Kflllse} e @}ﬂ

ilse _ — application_fee
{ t { KtrueU{fglse‘fO e{KﬁﬂSE\Kl]}}UK{ } _f
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+1
s cp - { K MK e (0} e eND
{{ T € {KtyMeU{ffol foeralsg}}}m { 1K1 }75 ﬂ{ T € {Ktmau{fl‘glwfoe{Kfulse\K{}}uK{}}}
X (]E (7re(qe, pe)) Hf{alse < D{Kmu{ffgl“|foerulsE}}} N {{K{ﬁ

1
KiryeU { f)g “Ifo E{Kfalse\K{}}UK{

+1
e eND ﬂ{f €D }
{{ ' {KtrueU{fgﬂse‘fOeralse}} e

I .
(a0 [{ 67N g} 1 (D) i s

+1
{{ffdseEND{Kmeu{fglsefoeruzsg}}}ﬁ{ftENDK{}ﬂ{ﬁGNDKl}}
ffalse
x | E(me(qe, pt)) | Fy o € ND{KWU%ZS@HOEKﬂ ) N4 ft € NDg/ p Ny fe € NDyo

— application _fee)

+1
alse
{ {f’t eND{Kmu{f?MHOerulse}} }ﬂ{fteNDK{ }ﬂ{ftEDKl} }
I
: (E(”t(qtfptn L Ny ) (R NP} < D)

— application _fee)

Kfalse} # (Z)} N f{alse € ND { } — application jee)

From this point on, the next iteration of the algorithm would start again if appli-
cable, analogously to shown above. Note that each iteration works analogously
since the product testing organization is assumed to test all remaining non-tested

product models after each iteration i € {1,...,min{arg minle{lw#K}{U{K{ N

Kpaise} = (Z)},#K} until there are no more promising non-tested product mod-

els remaining, i.e. until < ND { = (). Therefore, we

ly
KtrueU { f{’j be|f0 E{Kfulse\K{}}UK{ }

.....
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erations since K; C K} C ... C K/ = K’. It follows
argming .y #K}{H{KlﬂKfaZSe} @}

that

f/zzlseED l
{ Ktrueu{f{g “Ifo E{Kfalse\K{}}UK{ }

x | E(m(qy, pt) [Vi € {1,...,min{argmin{ll{K{ﬂKfalse}: @},#K}}‘
le{l,... #K}

ulse
t

— application_fee
{Km,gu{ff |f0€{Kfulse\K }}UK } pp J >

+1

#eND N4 fteNDy/
{Ktmeu{fgzsefoe{Kfﬂ,se\K)!}}uK]!}} { K }}
X (E(m(qt,pt)) [{Elj € {1,...,min{argmin{ll{K{ﬂKfalse} = @},#K}H

le(1,... #K}

f{alse € ND{ } N {ft € NDK/} —applicationjee)

I
KirueU { f)z)l Se‘fo E{Kfalse\K]'/}} UK]-/

+1

f):zlsﬁ’eND l ﬂ{ftGDK/}
{Ktrueu{f{’f *Ifo E{Kﬁzlse\K)'/}}UK]-/}

X (]E(Trt(qt,pt)) HEI]' € {1,...,min{argmin{l!{K{ﬂKfalse} = (Z)},#K}H

lefl,... #K}

flest‘Z € ND { } N {ft € DK/} — application jee)

I
KiryeU { f{l: Se‘fo G{Kf”lse\Kil}} UK]{

If the condition of the first indicator function is true, f’s product model will not
be tested because our algorithm excludes dominated applicants. Thus, seller f;
will have to pay the application_fee, but will not have to pay the punishment_fee
because his falsely stated quality will not be revealed. In this first case, seller f;
makes the same expected profits as if he did not apply at all and, in addition, has
to pay the application_fee > 0.

If the condition of either the second or the third indicator function is true,
seller f; has to pay the application_fee, and his product model will be tested. After
fi’s product model is tested, fi has to pay the punishment_fee because his falsely
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stated product quality will have been revealed. Note that we do not include the
punishment_fee in the above equation because fi’s product model has not yet been
tested. Once fi’s product model has been tested, it may be either locally non-
dominated or locally dominated in K’.

Let us now analyze whether, and if so, under which circumstances, the
condition of the second indicator function in the previous equation can be true.
To begin, it can only be true if none of fi’s rivals are in K’. This, in turn, can only
be true if none of fi’s rivals are among ND { Vi €

KtrueU { 1:/‘(’/)ZISEHO G{Kﬁzlse\K{}} UK{ }
{ 1,..., min{arg min1g{1,...,#l<}{1 H{K{ N Kfatse) = 0}, #K} } since
we  assume the  testing  organization  will test non-tested
product  models in ND { Vi €

Ktruel { f{’)llsg‘fo E{Kfalse\K{}} UK{ }
{1, ey min{arg minle{ll___l#K}{l {K{ N Katse) = (Z)}, #K}} as long as there are

still non-tested product models in ND remaining.

KirueU{ £ IFo (K s \K/} JUK!
Therefore, the condition of the second indicator function can only be true if

RtﬂND{ =0

1
KeeU { flzl se‘fo E{Kﬁzlse\K{}} UK{ }

.....

can only be true if either {Rt N {Ktme U {f{?lse!fo € {Kpse \ K{J} U Kl’}} -

l
b alse ;0 4 Re M {Ktrue U {f/(? Se|fo € {Kfalse \ Kll}} U Kl/} =
{KtrueU{f]; Ifo G{Kfalsg\K{}}UK{}

0 Vie {1, . ,min{arg minle{lp_.,#K}{l {K{ N Kprse) = @}}} The first case cannot

be true according to lemma 5 (Relationship between local dominance and compo-

sition of a set of rivals) with Q = Ky U {f{f lselfo € {Kiatse \ K{}} UK/. It follows that
the condition of the second indicator function can only be true if, and only if, none
of f’s rivals apply to be tested, meaning {R¢ N K} = . If none of f{’s rivals apply
to be tested and f; applies with q{alse, he will have to pay the punishment_fee > 0,
but will make the same expected profits had he applied stating his true quality.

Since, if no rivals apply, Jj € {1,...,min{arg minle{ll._‘,#K}{ll{K{ N Kfalse}} such

that f is locally non-dominated in K and is tested. Seller f; is then revealed to be
locally non-dominated in K'.

If the condition of the third indicator function were true, no buyer would buy
ft’s product model because it would be revealed to be locally dominated among
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all tested product models. It follows that

:]l{fte{c(F)\K}} (E(’/tt(qt/ pt)) |:ft e {o(F) \K}] —applicationjee>
+1 {feedKimel }

X (]E (7e(qe, pt)) [fe € {D N Kirue}l — application_fee — punishment jee)

+1

1 eND m{ftEDK/}
fﬁzlse , ,
{Ktmeu{ o |f0€{Kfalse\K)’}}UK]~}

X (—application _fee — punishment jee) :
Since application_fee > 0 and punishment_fee > 0, it follows that

<ﬂ{fte{o(F)\K}} (E(m(qt’pt)) [fo € {oF)\ K}D

" ]l{fte{DﬁKtrue}} <E (me(qe, pe)) [fe € {D N Kine}] — application_fee)

+1

#eND ﬂ{fteDK/}
1cfalse ’ ’
{Ktrueu{ o ‘foe{Kfalse\Kj}}UKj}
X (—application_fee)

} (E(m(qt,pt)) [t € {o(F) \K}D

<1
{fte{o(F)\K}

Dkl (E (me(qe,pe) [Fe € (D N Kipuel] — ﬂPPliCQtionjee) :

The above equals f{’s profit when not applying with q{alse, i.e., when not applying
at all, or when applying with q;. It follows that, for seller f; € D, applying to be

tested stating a false product quality q{”lse is a strictly dominated strategy.

Having analyzed a globally dominated seller’s incentives to apply with q{

above, let us now continue with fy € {ND N Kg}, and let him apply to be

alse

tested with Since {Ktmeu{f{?lsﬁfo € Kfalse}} = ND {
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D lse , we can separate expected profits after applying with a
{Ktrueu{f{)l |fo€Kfalse}} p p p pp y g

falsely stated quality into two disjoint cases. The first (second) summand rep-

resents the case where seller f{alse is locally dominated (locally non-dominated)
within the set of applicants. It follows that

]E(m(qt, Pt)) [ft € {NDnN Kfalse}]

=1
ffalseeD
{ t {KtrueU{f@llse‘foeralse}}

I ..
X (E(T‘t(qnpt)) [f{a =) {KtrueU{f}ZlSEfOEKfalsg}}:| — application _fee)

+1
ffalseeND
{ ' {KtrueU{fglse‘foeralse}}

I ..
X (E (Ttt ( qt’ Pt )) l:]’{a * < ND {KtrueU{f}lee|fo GKfalse}}:| N appllcatlon_fee)

Il
=
——
——
=+ g

Ise / -
ED{KtrueU{f{?lse\fO erulSE}} }m{{Klmeﬂl“}_@} }
X (E(m dt, Pt ) HffﬂISe {KtruEU{f/:flsdfoEKfﬂlsg}}} N {{K{ N Kfalse} = @}} — application jee)

+1
alse
eND ) ﬂ{fteND / }
{ { ¢ {KtmeU{f{?lSL‘foeralse}} } Kl

=1
{ { talseeD{KtmeU{f{flsefoeralSE}} }ﬂ{ {K{ﬂKfalse}:@} }
x (E (7t (g, pt)) Hffalse {Ktmeu{ffglsﬂfoeralse}}} M {{K{ N Kpase ) = @}}

— application jee)
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+1
ffulse D - { K/ Kuse (0} ffalse D
{{ v e {Kt‘/ueu{f{)l fOEnglse}}}m { 11 }75 m{ © e {Ktrueu{ffglsefOe{Kfulse\K{}}UK{}}}
o (]E (7Tt qt, Dt ) {{ffalse {Ktrl‘eU{f{?lseHOeKﬁzlse}}} N {{K{ N Kfulse} = @}ﬂ

alse L
eD — application_fee

eep - { K! K e (ZJ} #7eND

v € {KtrueU{f/;] fOeralse}}}m { 1MK g }7’5 ﬂ{ T € {Ktmeu{ffglsefOE{Kfulse\K{}}UK{}}}
I

X (]E(T[t dt, Pt ) {{#ﬂ se {Ktﬂwu{fﬁfl“lfoerazse}}} N {{K{ N Kfalse} # @}ﬂ

S

alse .
e ND — application_fee
{ ¢ {Ktrueu{flzlsg|fo E{Kfalse\K{}}UK{}

+1
Ise
eND m{f eND /}
{ ' {Ktmeu{f{flse\fo EKfalse}} } b b }

alse . .
X (E(m(qt,pt)) Hf{ € ND{Ktrueu{ffglse|f0€Kfalse}}} N {ft € NDKI}:| —applzcatzonjee)

From this point on, the next iteration of the algorithm would start again if appli-
cable, analogously to shown above. Note that each iteration works analogously
since the product testing organization is assumed to test all remaining non-tested

product models after each iteration i € {1,...,min{arg minle{ll__.l#K}{ll{K{ N

Katse} = 0}, #K}} until there are no more promising non-tested product models

remaining, i.e. if ¢ ND { = (). Therefore, we omit the

I
KrieU { f’:f “Ifo E{Kfalse\Ki{}}UK{ }

following up to min{arg mingp o { LK N Kgseh = @},#K} — 1) iterations

sinceK; CKJ C ... C K’

= K'. It follows that
argming #K}{ll{KlﬂKﬁ,lse} @}

=1
Vie { 1,...,min { argmin ¢y 4y {l |{K{ﬂKﬁ,lse}:®},#K} } ‘f];alSEED o
{ KtrueV { ff) Ifo E{Kfulse\K{}}UK{ }

arg min { L{K{ N Kgee} = @},#K}
1e(l,... #K)

X (]E(Trt(qt,pt)) [Vi € {1,...,min{
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f{alse eD { } —application_fee)

I
KirueU{ [0 €{Kpuise\K1J JUK!

+1

ffalse ND D
. {{fff}}}{ o)
. (E(ﬂt(q’“pt)) HHJ' S {1,---,min{argmin{ll{K{ﬂKfazse}: @},#K}}’

lef1,... #K}

f/;alse c ND{ } N {ft € NDK/} —applicationjee)

1
KerueU{ 1™ Ifo €K e \KJ} UK

If the condition of the first indicator function is true, f; makes the same prof-
its compared to not applying, but has to pay the application_fee. If the condi-
tion of the second indicator function is true, fi’s product model must be lo-
cally non-dominated in K’ (see lemma 2: Properties of locally non-dominated
product models within submarkets) since we assume the testing organization

will test non-tested product models in ND l Vi €
{KtrueU {f’z Se‘fo E{Kfalse\Ki/}}UK{ }

1,.. .,min{arg minle{lw#K}{l H{K{ N Kpse} = @},#K}} as long as there are still

non-tested product models in ND { } remaining. It fol-

Keruel { 1:}‘(’L)ﬂsehco G{Kfalse\K{}} UK{
lows that

= ]l{ftE{G(F]\K}} (E(ﬂt(qt,]ﬂt)) [f € {o(F)\K}] — applicationjee)

+1
{ {ft €NDy/ }ﬁ { Hje{l,...,min{arg ming e 4y {l |{K{meulse}:®},#K} } ‘

ff,;HISGGND

{Ktrueu{f@lse\fOE{Kfalse\K]{}}UKJ{} } }

X (E(T{t(qt,pt)) [{ft € NDK/} N {Elj € {1,...,min{argmin{ll{K{ﬁKfalse} = @},#K}}‘

1€(1,... #K}

f{ulse e ND { — application_fee

1
KirueU { f}Z Selfo E{Kf"l“\Kl{}} UK]{ } }

According to lemma 2 (Properties of locally non-dominated product models
within submarkets), a globally non-dominated seller applying with q; will
also be locally non-dominated in K. Since we assume the testing organiza-

tion will test non-tested product models in ND l Vi e
{ KtrueU { flzl se‘fo E{Kfalse\K{}} UK{ }
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1,.. .,min{arg rninle{lw_,#K}{l {K{N Kpse} = (Z)},#K}} as long as there are still

non-tested product models in ND remaining, it fol-

KtrueU { ffc’)llse‘fo G{Kfalse\K{}}UKi’
lows that fi’s product model will be tested. Furthermore, it will also be locally
non-dominated in K’ (again, see lemma 2). It follows that

= ]l{fte{G(F)\K}} (E(ﬂt(Qt,Pt)) [fe € {o(F) \ K}] —applicationjee)

+ ll{fte{NDme}} <]E (7e(qe, pe)) [fe € {ND N Ky } | — application_fee —punishmentjee)

< ]l{fte{G(F)\K}} (E(ﬂt(qtzpt)) [y € {o(F) \KH>

+ It{fte{NDme}} (E(m(Qt, pt)) [fr € {ND N Kppue }] —applicationjee),

The above equals fi’s expected profits when applying with q;. It follows that, for

every seller f; € ND, applying to be tested stating a false product quality q{alse is
also a strictly dominated strategy. O

Lemma 10 (Applying to be tested stating the true product quality). Let
(§1,...,§t_1,§t+1,...,§n)T be an arbitrary, but fixed, strategy vector of all sellers in
{o(F) \ ft}. For seller fy € o(F), applying to be tested stating his true quality q is a
strictly dominant strategy <— (py — c(qt)) AdE(d(qt, pt)) > application_fee.

Proof of lemma 10 (Applying to be tested stating the true product quality). According

to lemma 9 (Applying to be tested stating a false product quality), applying with

a false quality q’fflse is a strictly dominated strategy for all sellers. Therefore, we
compare the two remaining strategies with each other. For seller f; € o(F), ap-
plying to be tested stating his true quality q is a strictly dominant strategy

+— E(me(qe, po)) [fe € K] —application_fee > E(m(qe, pt)) [fr € {o(F) \ K}]

+— (pt—c(qe))E(d(qe, pt)) [fr € K] —application_fee
> (pr —c(qe))E(d(qe, pt)) [fr € {o(F) \ K}]

> (pr—clqu))E(d(qe, p) [fr € K] = (pe—c(qu)) E(d(qe, po)) [fr € {o(F) \ K}]
> application_fee

+— (pr—clqe))AE(d(qe, pt)) > application_fee.

O

Proof of proposition 2 (Unique Nash equilibrium). According to lemma 9 (Applying

to be tested stating a false product quality), applying with a q{alse is a strictly
dominated strategy for all sellers. Furthermore, according to lemma 10 (Applying
to be tested stating the true product quality), applying to be tested with q; is a
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strictly dominant strategy for every globally non-dominated seller f; fulfilling the
application criterion, (p+ — c(q¢))AdE(d(qe, pt)) > application_fee. For sellers not
tulfilling this criterion, not applying to be tested is a strictly dominant strategy.
In particular, globally dominated sellers will not apply to be tested because we
assume the applicant pool will contain a critical set of globally non-dominated
sellers, and because application_fee > 0.

According to lemma 2 (Properties of locally non-dominated prod-
uct models within submarkets), the globally non-dominated sellers
in NDgy, are also locally non-dominated in K = Ky, meaning
NDgppy = NDg. Since we assume the testing organization will test non-

tested product models in ND l = NDg,, Vi €
{Km,eu{fif *Ifo €lKpse \K{} } UK{}

1,...,min{argminle{lw_/#K}{lI{K{ N Kase) = @},#K}} as long as there

are still non-tested product models in NDyg,  remaining, i.e. until

= (), it follows that K’ = ND Thus,

N {Ktrueu { 5 Ifo G{Kfuzse\K{}} UK{ } K
it follows that only globally non-dominated product models are tested since
ND g, € ND.

Buyers maximize their expected utility choosing among all product models
whose quality has been revealed, i.e. ND,,, not taking non-tested product mod-
els into account since they are assumed to know that ND,,;, = ND. Therefore,
every buyer has a strictly dominant strategy. To conclude, since all players have

a strictly dominant strategy, the Nash equilibrium is unique. O

Proof of proposition 3 (Expected consumer surplus and seller profits under SELLERSAP-
PLY). The consumer surplus equals

zehq P =Y et

Ufo} {G(F)Ufo} h.:l {NDK/Uf{ \K/}Cufo} {NDK/Uf{Q-(F)\K/}CUfO}

According to proposition 2 (Unique Nash equilibrium), only globally non-
dominated sellers apply in equilibrium (not necessarily all globally non-
dominated sellers). According to lemma 2 (Properties of locally non-dominated
product models within submarkets), all of these sellers are also locally non-
dominated in the subset K and in the subset K’. Thus, it follows that Dx, = (.
Furthermore, it follows that

N
e I
h:1 {K/Uf{o‘(F]\KI}CUfO} {K/Uf{o‘(F)\KI}CUfO}
Since we assume the testing organization will test non-tested product mod-

els in ND -
{Ktmeu{f/; |fo€{Kfalse\K{}}UK{

} Vi e {1,...,min{argminle{lw#](}{lI{K{ﬁ
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Kpatset = @},#K}} as long as there are still non-tested product models in

ND {Kmu it l“lfoe{Kfazse\K{}}UK{} remaining, and since, in equilibrium (again, see
lemma 2), sellers that do apply state their true quality, it follows that K’ = NDk.
Furthermore, according to proposition 2 (Unique Nash equilibrium), only glob-
ally non-dominated sellers apply in equilibrium. According to lemma 2 (Prop-
erties of locally non-dominated product models within submarkets), these sellers
are also locally non-dominated in K, i.e., NDg = K. It follows that

S
h h
Sy et
h—l {KUf{O‘(F]\KI}CUfO} {KUf{O‘(F)\Kl}CUfO}

According to lemma 2, K consists of only globally non-dominated sellers in
NDgppy in equilibrium. (Note that we would be able to exchange the term
fi € {o(F)\ K'} with f; € {o(F)\ K} at this point. However, we will keep the
current version in order to be able to compare it with BESTSELLERS below.) It
follows that

S
h h
et
h=1 {NDapplyUf U(F)\K’}CUfO} {NDﬂpplyUf{g(F)\K/}c Ufo}

Using the assumptions that, first, NDgppry = ND, second, all buyers know that
(pt — c(qe)) AcE(d(qy, pt)) > application_fee holds for all globally non-dominated
sellers fy € ND, and third, the testing organization tests non-tested product mod-

els in ND{ } Vie d1,.. .,min{argminle{lw#K}{lI{K{ N

Ise
KerueU { f}Z . Ifo G{Kfalse\K{}} UK{

Kpse) = (Z)},#K}} as long as there are still non-tested product models in

ND remaining, it follows that buyers know that all
{Ktrueu{f{/)llselfo G{Kﬁzlse\K{}}UK{

globally non-dominated product models they would have bought under com-

plete information are among the tested product models. Therefore, buyers also

know that all non-tested product models are either globally dominated, or glob-

ally non-dominated, but would not be bought under complete information, and

thus cannot maximize their utility. It follows that

S
_ h h
= % Ondxoun,) — Ppur)

This equals the consumer surplus that would occur if all product models in the
market would have been tested since, in this case, the buyer would also choose
one of the globally non-dominated product models (see equation 4 in subsec-
tion 2.2.1).
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The expected surplus of globally dominated sellers equals, in general,

n s
fr=fh -
i s {NDapplyUf{G . \KI}CUfO}
t=m+1h=1 #{fj € o(F)IE(un(0n, g;,pj)) = E(un(6n, qt/pt))}

Note that the condition of the indicator function is true for a globally domi-
nated seller f; only if his product model is the cheapest product model among
the non-tested ones since it cannot fulfil the application criterion, i.e., if (pt —
c(qe))AdE(d(qe, pt)) < application_fee. It follows that

apply apply

}} (Ptf:(qt))'

1
{{ft—f{G(F)\K,}c} {O<9thD* PR <OLE(qi)—pt

-3y

et #{f; € o(FIIE(un(6r, 4;,p))) = B(un(0n, e, p1)) |

If, in turn, we assume ND,, = ND, the expected surplus equals zero since buy-
ers know that the cheapest, non-tested product model is either a globally domi-
nated product model, or a globally non-dominated product model, that no buyer
would select under complete information. Therefore, its demand equals zero.
The expected surplus of globally non-dominated sellers equals

: (p—<la)

fy=f
m N

Z Z { ”PP;—T/\K’}C Ufo}

1 1 #{; € o(PIE(un(0n, a5,73)) = E(un(0n, e, po)) |

If, in turn, we assume ND,,;, = ND, the expected surplus equals, in general

mos Lo (Pt—c(qt))
: ()

t—1 h—1 #{fj € o(F)[E(un(6n, g;,pj)) = E(un(6n, qt,Pt))}.

]

Proof of proposition 4 (Comparing consumer surplus resulting from BESTSELLERS and
from SELLERSAPPLY). Here, we require capacity-neutrality, i.e., the product test-
ing organization uses the same number of testing slots under SELLERSAPPLY as
under BESTSELLERS. According to proposition 1, BESTSELLERS leads to a lower
consumer surplus than a world of complete information for all but two possi-
ble combinations consisting of product models which are bestsellers. In those
two exceptions, BESTSELLERS leads to the same consumer surplus as a world of
complete information. According to proposition 3, SELLERSAPPLY always leads
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to the optimal consumer surplus of a world of complete information. It follows
that, for all but two possible combinations consisting of product models which
are bestsellers, SELLERSAPPLY outperforms BESTSELLERS by leading to a higher
consumer surplus. In the two exceptions stated in proposition 1, both SELLER-
SAPPLY and BESTSELLERS lead to the same, optimal consumer surplus. O

C.2 Counter-examples of section 2

Counter-example 1. Consider the following local market: Q' = {f1, f, f3} = {f1, f2} U
{fg} = NDQI U DQ/ with

q1:2/P1:5,
q2:3,p2:10,
Q3:2/P3:6-

Seller f3's product model is locally dominated in Q' because of his rival f1. However, it is
no longer locally dominated in the absence of seller f1. Instead, it is locally non-dominated
in Q = Q' \{f1} = {f, f3}, meaning that f3 € NDq,.

Counter-example 2. Consider the following local market (the same as in counter-
example 1): Ql = {f1,fp, f3} = {f1, 2} U{f3} = NDQ/ U DQ/ with

q1 = 2, P1 = 5,

q2 =3, p2 = 10,

qz =2,p3 =6.

While seller f3’s product model is locally non-dominated in Q = {fy, f3}, it is no longer
non-dominated in Q’.

C.3 Formal algorithm description of subsection 2.2.3

We first partition the set of applicants K into two subsets: Kgyye =
{fj € K|stating q; = q)?”‘e}, the set of applicants who state a true product model

quality, and Kgse == {fj € Klstating q; = qgalse}, the set of applicants who state
a false product model quality, with K = K U Kpaise: We denote a seller f’s

falsely stated quality with q{alse = qi+e€ with —qt < e € Rand € # 0.
The variable e indicates the extent to which the falsely stated quality devi-

ates from the true product quality. The vector of features (q{alse, pt) is associ-
ated with the product model of a non-existing seller f{alse. We define K/ with

ie {1, ...,arg minle{lp_.,#K}{l {K{n Kfalse} = (Z)}} as the set of all tested product

models remaining after the algorithm step 3 (see below) has been performed for
the i time. Furthermore, we define

KiCKjC...CK =K’
argming g #K}{H{K{ﬂKfalse}:@}

as a sequence of these sets. We define K := (). The algorithm proceeds until either
step 3 is reached without detecting a false quality statement or there are no more
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.....

Kraise} = @},#K} . Note that the algorithm stops after the first iteration if all
sellers provide true qualities, i.e., K = Kgyye.

Algorithm step 1 Initialize i = 1. Among the set of applicants K C o(F), generate

the set ND .
{Kfmgu{f/;ulse‘fj G{Kfulse\K{fl}}UK{fl}

Algorithm step 2 Test the product models of sellers in the set

\K{ ;p, and store the sellers of

ND
{Ktrueu{f};ulsg|fj G{Kfulse\Ki’,l}} UK{,l }
these product models together with the sellers of the previously tested

product models in the set K{.

Algorithm step 3 If <{{K{ \K/ ;}n Kfalse} = (Z)) V (i = #K) , stop, and define

K’ = K/. Otherwise, set i = i+ 1, and return to step 2.

D A simplified version of the product testing game
for the experiment

In this section, we analyze a simplified version of the (general) product testing
game (see section 2) which provides the basis for our experimental design. In
particular, we show that, under certain conditions, it is sufficient for the product
testing organization to provide at least as many testing slots as there are quality
levels, i.e., k > #quality levels in order for proposition 2 (Unique Nash equilib-
rium) to still be true. In the following, we assume all notation, definitions and
lemmas introduced in section 2 to be given, and describe only the differences
which characterize this simplified version of the game.

Sellers We assume that #quality levels < oo (general model: 0 < q¢ € R). Further-
more, we assume that there is no pair of sellers offering their product model
at the same price, i.e., Vfi, fs € o(F) with t # s, we require that p; # ps (gen-
eral model: there are no sellers offering the same quality at the same price,
ie., Vfy, fs € o(F) with qt = qs and t # s, we require that p # ps).

Product testing organization The product testing organization is assumed to
provide at least as many testing slots as there are quality levels, i.e.,
k > #qualitylevels. (General model: We assume that the testing orga-
nization tests all remaining non-tested product models after each itera-

tioni € {1, . .,min{arg minle{lp_.,#K}{l H{K{ N Kase} = @},#K}} until there
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are no more promising non-tested product models remaining, i.e. until

ND =0].
{ {Ktrueu{szlsewo E{Kfl’lS"\Ki/}}UK{} } )

Moreover, we assume the punishment_fee to be strictly higher than the maxi-
mal additional profit a globally non-dominated seller could make by apply-
ing to be tested stating a false quality given all other sellers” arbitrary, but
tixed, strategies, i.e.

max{E(m(qt,pt)l (81,801,801, 80) ") [F2 € i,

E(ﬂt(qt/pt” (51/ cee /§t—1/§t+1/ s /é\n)T> [ft S {O-(F) \K}} }

>E (T[t(qt/ pt)| (§1/ ey §t—1/ §t+1/ ey §n)T) [ft € Kfalse}

Vfy € ND and for all strategy vectors

) [ donot apply, apply with q1, apply with q’ialse e {R\qi} |
$t-1 c do not apply, apply with q._1, apply with q/ta_lsf e{R\ q¢_1}
Str1 do not apply, apply with qy1, apply with qfﬂsf €E{R\ qet1})

$n | donotapply, apply with qn, apply with q{flse € {R\ qn}

(general model: punishment_fee > 0).

The product model selection algorithm is identical to the one described in the
general model (see subsection 2.2.3), except for one additional sentence (printed
in bold below).

Algorithm step 1 Among the set of applicants, select the cheapest product model
per stated quality level. If applicable, exclude locally dominated product
models.

Algorithm step 2 Test all remaining, non-tested, locally non-dominated product
models. This leads to the current set of tested product models. Should
there ever be more product models selected than the number of remain-
ing testing slots, select randomly among these product models.

Algorithm step 3 If no false quality statements are detected, or if all applicants’
product models are tested, stop. Otherwise, combine the set of tested prod-
uct models (using revealed qualities) with the remaining untested product
models, update the set of locally non-dominated product models, and re-
turn to step 2.
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The first #N D1, entries in the following vector in proposition 5 are strategies
of sellers having an incentive to apply to be tested stating their true quality. The
next #{ND \ NDapply} entries are strategies of globally non-dominated sellers not
having an incentive to apply to be tested. The next (n —m) entries are strategies
of globally dominated sellers not having an incentive to apply to be tested. The
next #B entries are strategies of buyers by to bs choosing the product model that
maximizes their expected utility given the tested product models in ND,,;,, and

the cheapest non-tested product model in {o(F) \ NDg }-

Proposition 5 (Unique Nash equilibrium pre-determined testing capacity). Let
(§1,...,§t,1,§t+1,...,§n)T be an arbitrary, but fixed, strateqy vector of all sellers in
{o(F)\ ft}. Furthermore, we assume IND.;; € NDcy, with NDgy; € ND and
NDgppry = ND. Since we assume that the testing organization provides at least as
many testing slots as there are quality levels, i.e., #quality levels < k < oo, it follows that
a unique Nash equilibrium

(apply withqy, ..., apply with AHND 1)1 donotapply, ..., donotapply,

T
1 s
buy product model of seller fa?), ..., buy product model of seller f;ﬁ)

exists, with K = ND and fL_ fS_ € {ND

apply o o) apply (F)\NDapply}C}'
librium, Keyee = 0 and K = ND gppiy, with each tested product model being globally
non-dominated.

U fr, In equi-

Proof of proposition 5 (Unique Nash equilibrium pre-determined testing capacity). In
the following, we analyze whether any, and if so, which sellers may have an
incentive to apply to be tested stating a false quality: (1) globally non-dominated
sellers, (2.1) a single globally dominated seller, and (2.2) more than one globally
dominated seller.

(1) Applying with q{ulse is a strictly dominated strategy for f; € ND since we
assume the punishment_fee to be strictly higher than the maximal additional
profit a globally non-dominated seller could make by applying to be tested
stating a false quality given all other sellers” arbitrary, but fixed, strategies.
It follows that {Kge "ND} = 0.

(2.1) The expected profit of seller f; € D who is the only seller applying while
stating a false quality can be calculated as follows.

]E(nt(qt)) [ft € Kfalse}

:]l{ffl ( (T(t qt ) |:f/ul 4 {Ktrueuffalse}:| — Elpplication €€>
alse f f
‘ {KtrueUf?lSB} }

+1 » <E(Tft qt)) [f/alse € ND {Ktrueuf(glse}:| — application jee)
{f{ GND{Ktrm’UfftulSE}}
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Since we assume that there is no pair of sellers offering their product
model at the same price, ie., py # ps Vfi, fs € oF) with t # s, it fol-
lows that there is at most one non-dominated product model per quality
level. Therefore, #ND . f,;ulsg} < #quality levels. Furthermore, since we as-

sume that the testing organization provides at least as many testing slots
as there are quality levels, i.e., #qualitylevels < k < oo, it follows that

#ND e < #quality levels < k. In addition, since we assume that there
trueJ

is no pair of sellers offering their product model at the same price, seller f;
is not able to state a false quality in a way that f{alse would dominate any of
f¢’s rivals, i.e. f{alse ¢ {KNR;}, with f; € Ry, and therefore also not all rivals,

ie. f{alse ¢ < KN(igq, . ny Ri p. However, since ND,;; C K, it follows that

fiER¢
{KN R} # 0. It follows that

=1
{]{alseeD{Kt Uffulse}m{{K{ﬂKf“l“}_m} }
" (]E (me(qe) |:f{ulse € D{Kmufff’“} N {{K{ N Kfalse} = (Z)}} —applicationjee)

+ ]l{ } (E(m(qt)) [ft € DK{] —applicationjee).

ftEDK{

Note that, regarding the first summand, it is not possible for {K{ N Kfalse} #
() since #K g5 = 1 and Kgyee € D {Kmu szvlse}‘

If no false quality statements are detected, the algorithm stops. This leads
to the first summand below. In the second summand below, f; € Dy’ since
Ki € K’, and according to lemma 3 (Properties of locally dominated product
models within larger markets containing a certain submarket).

{fte{c \K}}< (7te(qt)) [fr € {o(F) \ K}] —application jee>
+1 {feDy} (—applzcation _fee — punishment jee)
S maX{E<7Tt(qt)) e € {o(F) \ K}| —application_fee,
— application_fee — punishment jee}

Since ]E(nt(qt)) [fy € {o(F)\ K}] > 0 and punishment_fee > 0, it follows that
E(m(q¢)) [fe € {o(F) \ K}| > —punishment_fee. Therefore,

= E(m(qi)) [fe € {o(F) \ K}] — application_fee.
Since application_fee > 0, it follows that

< E(m(qu)) [fr € {o(F) \ K}
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These are the profits f; makes by not applying. Therefore, it follows that,
if fy € D is the only seller who applies to be tested stating a false quality,
ie, if Kge = {fi}, applying to be tested stating a false quality is a strictly
dominated strategy for f;.

(2.2) In this section, we analyze whether a globally dominated seller f; may have
an incentive to apply to be tested stating a false quality if at least one other
globally dominated seller fy applies stating a false quality. For this purpose,
we distinguish the following cases: (2.2.1) at least one product model of
globally dominated seller fi’s rivals is tested, (2.2.2) no product model of
globally dominated seller f{’s rivals is tested, but at least one product model
of globally dominated seller fy’s rivals ist tested, (2.2.3) no product models
of rivals of any of the globally dominated sellers who apply stating a false
quality are tested.

(2.2.1) Let ft € Kps with #Kgee > 2. We assume 3f; € {ReNK} @ fj €

ND . Note that f; € K since ND.., C ND _ The
{KtrueU{f/lee:foera,se} ) crit = apply

expected profit of seller fi € D who is one of at least two sellers applying
while stating a false quality can be calculated as follows.

]E(m(qt)) [ft < Kfalse}

=1
alse
s}
X <E(7Tt(qt)) |:f{alse - D{Ktrueu{flzlse

+1
alse
{f{ fo%}}}

< (Pt [ enop g

alse
{ KryeV { f{)

‘" GKfazse} }} — application _fee)

alse
{ KryeV { f/:)

‘" GKfalse} }} — application jee)

The first and second summands below are necessary to distinguish whether
a false quality statement is detected in iteration i = 1. The follow-
ing reasoning leads to the third summand below. Since we assume that
there is no pair of sellers offering their product model at the same price,
ie, pt # ps Vf,fs € o(F) with t # s, it follows that there is at
most one non-dominated product model per quality level. Therefore,
#ND {Kmu { e fOGKfalse}} < #quality levels. Furthermore, since we assume

that the testing organization provides at least as many testing slots as
there are quality levels, i.e., #qualitylevels < k < oo, it follows that
#ND {Kmu { e foeralse}} < #quality levels < k. Furthermore, since we as-
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sume 3f; € {RgNK}: f; € ND {KWU { e }}, it follows that

foe Kfalse

=1
{ {f’f' keep {55 o ek }m{{K{mealSC}:@} }
X (E(m(qt)) {{f{alse c D{KtrueU{f’zlse}foerﬂ,se}}} N {{K{ A Kfalse} _ @}}

— application_fee)

+1
alse /
0 g 013
) (E(T[t(qt)> [{f{alse © D{Ktrueu{f{;ﬂse

— application_fee)

} (E(ﬂt(qt)) [ft € DK{] —applicationjee)

fOEKfalse}}} A {{K{ N Kfalse} o @}

+1
{fteDK{
In the first summand, since no false quality statements are detected, the
algorithm stops. As to the second summand, note that, according to the
algorithm, a product model may be selected with a probability < 1 if a
greater number of promising product models than testing slots remain.

Therefore, we define prob € [0,1] as the aggregate probability that seller
fi’s product model is tested before the algorithm stops, i.e., that IK{,1 €

{2,...,min{argminle{lw#](}{lI{K{ N Kpatse} = @},#K} , with fy € K/. In

addition, since fj € K/ C K/, it follows that f; € Dy,. While the second sum-
mand captures the situation in which fi’s product model is tested before
the algorithm stops, the third summand captures the opposite case, i.e., f’s
product model is not tested. In the fourth summand below, f; € Dy’ since
Ki € K’, and according to lemma 3 (Properties of locally dominated product
models within larger markets containing a certain submarket).

(]E (7e(qe)) [fe € {o(F) \ K}] — applicationjee)

f/‘alseED
{{ ' {Ktrueu{fglsg

“Lrctom)
+prob x 1

}} }m{{K{meulsg};«ém}m

fo erulse

X (—application _fee — punishment_fee)
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+ (1—prob) x 1

{ {fﬁllseeD{KtrWU{f?M }} }m{{K{”Kfalse}#@}m

fOGKfalse

X (E (7e(qe)) [fe € {o(F) \ K}] — applicationjee)
+1 {f,eDy/) (—application _fee — punishment jee)

The following inequality holds since, if fi’s product model is not tested be-
fore the algorithm stops, fi’s profit is equal to the profit had he not applied
to be tested, minus application_fee. If f\’s product model is tested, buyers
will know that it is globally dominated. Therefore, no buyer will select this
product model, and f’s profit equals —application_fee — punishment_fee.

< max{]E(rtt(qt)) [y € {o(F) \ K}| — application_fee,

— application_fee — punishment jee}

Since E(m(q¢)) [fe € {o(F) \ K}] > 0 and punishment_fee < 0, it follows that
E(7t(q¢)) [fe € {0(F) \ K}| > —punishment_fee. Therefore, it follows that

=E(7(q¢)) [{f € {o(F) \ K}}| —application_fee
<E(m(qe)) [{ft € {o(F)\K}}].

The above represents the profits f; makes by not applying to be tested. It

follows that applying with q/talse is a strictly dominated strategy for f; € D.
(Note that (2.1) is a special case of (2.2.1) if we allow for #Kps, > 1.)

(2.2.2) Seller fi does not have an incentive to apply to be tested stating q’](flse if
the product model of one his rivals is tested, i.e., seller fy € Kgy, with a

rival f; € {Ry N K} fulfilling f; € ND {K (e K }} contradicts fy € Kpyse
true o -lo alse

according to (2.2.1).

(2.2.3) Let fy € Kgee with #Kge > 2. In contrast to (2.2.1), we now assume
vh € ReNK}:f; € D{Ktrueu{f{i”“’;foeK fm}}, Vi € Kfalse- We know that fj exists

because ND¢jt € NDgppyy-

In the following, we show that it is impossible that f; € D (o U K

holds vf; € {R¢NK} and Vfy € Kgye using a similar argument as Ben-
ndorf et al. (2015). We start by assuming that there is a set of globally
dominated sellers fulfilling this property, and denote the cheapest among
them with f (Kise)© € Kpjse, meaning p(Kfalsg)C > p1 Vfi € Kgige. Since

we assume ND; © NDgypy, it follows that {NDg,; NK} # 0. It follows
that 3f, € {ND; NK}, with fq, € R(K ) meaning (pa < p(Kfal%)c> AN

Malse
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<q(l > q(ngzse)C>' This implies that p, < p(Kfalse)C < p1 Vi € K. It fol-

alse .
lows that f, € ND{KtrueU{f)lee }} vV, € Kfalse and Vq; € R™. This

fo eralse

contradicts the assumption that Vf; € {RyNK}: f; € D {Kmu{ f}zlse:foerulsg}}’

Vfi € Kpse since it does not hold for f ( ¢ € Kpse- Using (2.1) and (2.2.1),

Kfalse )

it follows that applying with q/talse is a strictly dominated strategy for f; € D.
Using this result combined with (1) leads to the conclusion that applying to

be tested with q{alse is a strictly dominated strategy for f; € o(F). It follows
that, for sellers fulfilling the application criterion according to lemma 10, ap-
plying to be tested stating their true quality is a strictly dominant strategy.
For all other sellers, i.e., those who do not fulfill the application criterion
according to lemma 10, in particular for all globally dominated sellers, ap-
plying to be tested stating their true quality is a strictly dominated strategy.
Therefore, the remaining and thus strictly dominant strategy for these sell-
ers is to not apply to be tested. Buyers also have a strictly dominant strategy,
namely to select the product model which maximizes their expected utility.
It follows that every player has a strictly dominant strategy. Using the per-
mutation defined in equation 15, it follows that a unique Nash equilibrium

<apply withqy, ..., apply with GUHND ) donot apply, . .., donot apply,

.
buy product model of seller flTﬁ’ ..., buy product model of seller f%a)
o o

. . _ 1 S
exists, with K = ND,,,;, and fE(‘F)’ . "’fg(ﬁ € {NDapply U f{U(F)\NDappzy}c}'

In equilibrium, Kz = 0 and K’ = NDg,, with each tested product model
being globally non-dominated.

]

The results of proposition 5 also hold if, instead of requiring IND,;y € NDcyt,
with ND¢;y € ND and NDg,,;, = ND, we make the assumptions at the beginning
of the following proposition 6.

Proposition 6 (Unique Nash equilibrium pre-determined testing capacity with
ND gty :{W\fgmc}). Let (81,...,8¢1,8t41,...,8n)" be an arbitrary, but fixed,
strategy vector of all sellers in {o(F) \ f¢}. Furthermore, we assume IND,;; € NDcyjt,

with NDgyp © ND and NDgypp, :{W\fgmc}. We require Vfy € D that either

3 G{W \ fO-(F)c} = NDgypy which locally dominates fy in K, or that fy is dominated
in expectation by seller fqp)c according to lemma 8 (A weaker condition under which
globally dominated sellers would not have an incentive to apply to be tested). Since we
assume that the testing organization provides at least as many testing slots as there are
quality levels, i.e., #quality levels < k < oo, it follows that a unique Nash equilibrium
exists with
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= (apply withqy, ..., apply with qUND )7 donotapply, ..., donotapply,

T
1 S
buy product model of seller f;ﬁ’ ..., buy product model of seller f;;};)) ,

with K = NDypp, and fl_, ..., ff_ € {NDapply U fr, In equilib-

o(F) o(F) (F)\NDgypiy}* }
rium, Kgee = () and K = ND gppiy, with each tested product model being globally non-
dominated.

Proof of lemma 6 (Unique Nash equilibrium pre-determined testing capacity with
ND iy :{N_D\fg(p)c}).

(1) Analogous to the proof of proposition 5.

(2.1) Analogous to the proof of proposition 5, except for seller f,, € D being
dominated in expectation by f, (e or by another seller f; € {ND \ fy(c }.
After being tested, seller f,, can be in either Dy, or NDy;, but makes the
same profits as in the previous proposition 5.

(2.2.1) Analogous to the proof of proposition 5, except that we assume 3f; €
RiNK}: fi € ND , or fi is dominated by f,r\c in ex-
{ReNK}: fj {Ktrueu{fglsg:foerglsg}} t Y To(F)

pectation.

(2.2.2) Analogous to the proof of proposition 5, except that we assume Vf; €
{RenK}:f;€ D (KU K ) or not being dominated in expectation

by fs(F)e Vit € Kase (otherwise, they would not have an incentive to apply
to be tested stating a false quality according to (2.2.1) which would contra-
dict fy € Kgse). We know that, according to the requirements 3f; € {R¢ N K},
or fi is dominated by fy(r)c in expectation. The proof is analogous to the
proof of proposition 5 (2.2.2) for the set of globally dominated sellers being
dominated in K by a seller in ND. The globally dominated sellers who po-
tentially dominate f, (see proposition 5 (2.2.2)) do not have an incentive to
apply to be tested since they are globally dominated in expectation by f ;(f)c.
The rest of the proof is analogous.

]

Lemma 11 (Equilibrium behavior of globally dominated sellers). Let f; €
{ND\ NDapply}. Furthermore, we assume that d(q, p+) [fe € K] = 0. It follows that
Vfx € D with fy € Ry there is no incentive to apply to be tested stating their true quality

qxk-

Proof of lemma 11 (Equilibrium behavior of globally dominated sellers). Let fy €
{ND\N Dapply}. First, we show that the expected demand for fy’s product model
after having applied to be tested stating his true quality qy is always lower than or
equal to the expected demand for fi’s product model had f; applied to be tested
stating his true quality q;. We assume that db; € {by, ..., bs} exists with
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arg max ]E(ul(el, qm,pm)) = frwithf, e K| N

fme{K/Uf{G(F)\K’}C Uf()}

arg max ]E(ul(Gl, qm,pm)) £ fywithf, € K

me {K/Uf{O‘[F)\KI}C Ufo}

It follows that 3f; € o(F) with ]E(ul(el, qj,pj)> > E(ul(el, qt,pt)> and
]E(ul(el, qupj)> = ]E(ul(el, qk/pk)> [fr € K]. Therefore, it follows that

]E(m (61, qx, Pk)) [fx € K] = ]E(ul (61, q],p))) > ]E<u1 (61, d+, pt)) [fy € K]. This
contradicts f; € Ry with 81 > 0 since buyer b;’s expected utility remains constant
with increasing quality (buyer by’s utility increases monotonically with increasing
quality) and increases monotonically with decreasing price. Therefore, it follows
that

E(d(aypy)) tfe € K > B(d(qnp) ) i€ K. (16)

Second, since we assume d(qy, pt) [ft € K] =0, it follows that

E(d(qupi)) [fe € KI =0, (17)

From equations 16 and 17 it follows that

0=E(d(qupy)) [fe € KI > B(d(qupi) ) [fic € K] (18)

Since the expected demand of any seller’s product model is always non-negative,
it follows that equation 18 can only be true if

E(d(qw pi) ) [fic € KI = 0. (19)

Third, we show that for fy there is no incentive to apply to be
tested stating their true quality qx. From equation 19 it follows that

AE(d(aipy) ) fc € K (P — claw)) = —E(d(dipi) ) i € (o(F) \K)] (pr —
c(qx))- Since E(d(qk,pk)> [fr e {oc(F)\K}] > 0, it follows that
—]E(d(qk,pk)) (f, € {o(F)\ K}] < 0. And since (pk — c(qk)) > 0, it follows

that —E(d(qk,pk)) [fx € {o(F)\ K} (px — c(qx)) < 0, and therefore, strictly
lower than the application_fee < 0. Therefore, there is no incentive for fy to apply
to be tested stating their true quality . O
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E The experimental markets

We show for experimental markets 1, 4, 7, and 10 that all sellers whose product
models would have been bought under complete information have an incentive
to apply to be tested stating their true quality. Consequently, proposition 5 or
6, respectively, hold and a unique Nash equilibrium exists in each of these mar-
kets. (As appendix F shows, structurally similar markets, i.e., markets with the
same number of globally non-dominated product models, are sorted into groups
of three, e.g., markets 1, 2, and 3 are structurally similar to each other. There-
fore, we provide tables for the first market in each group of similar markets.
Tables for the remaining markets are available upon request.) For each of the
markets 1, 4, 7, and 10, we present two tables. Using the first table, we begin
by determining ND(,;; according to definition 4 and, if applicable, exclude any
sellers whose profits under complete information are non-positive. Note that
NDc,s = {{ND}} in all experimental markets. Second, we check whether the
profits under complete information of the remaining sellers are strictly higher
than the application_fee = 0.5. Third, we analyze whether seller fsrc = f1, the
seller offering the overall cheapest product model in each experimental market,
has any incentive to apply to be tested. Using the second table, we subsequently
analyze whether (p; —c(q¢))A¢E(d(qy, pt)) > application_fee holds for all remain-
ing sellers. Note that, in equilibrium, globally dominated sellers never have an
incentive to apply for testing (according to lemma 11).
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F Graphical overview of experimental markets

Figure 9: Overview of experimental markets
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7,1,5,9, 4,12, 10.
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Figure 10: Overview of experimental markets
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G Experimental instructions

This is a translated version of the instructions for SELLERSAPPLY-LYINGPOSS
(original in German). Differences to the other treatments are included below.

Welcome to the experiment

You are participating in a study on decision-making behavior in experimental
economics. During the experiment, you and the other participants will be asked
to make decisions. You can earn money in doing so. The amount you will earn
depends on your and on the other participants” decisions. At the end of the ex-
periment, your earnings will be paid to you in cash. During the experiment, all
amounts will be stated in the experimental currency “thaler” and will be con-
verted into EUR at the end (4 thalers = 1 EUR). None of the other participants
will receive information on your decisions or on your payoffs. All data will be
used exclusively for research.

The experiment will last approximately 2.5 hours. Please read the following
instructions carefully. Should you have questions at any point in time, please
raise your hand. (Participants who are in one of the cubicles with doors, please
open the door so that we can see you raising your hand.) We will come to you
and answer your question at your cubicle.

Participants’ roles The experiment consists of twelve rounds. There are two
roles: sellers and buyers. First, it will be determined randomly which partic-
ipants will be sellers and which will be buyers, and which sellers and buy-
ers, respectively, receive which ID. You will keep your role and ID through-
out the whole experiment. This means, if you were seller 1 in round 1, for
example, you will remain seller 1 in all remaining rounds, or if you were
buyer 1 in round 1, you will remain buyer 1 in all remaining rounds. There
are 15 sellers an 8 buyers in total.

Sellers Sellers offer identical products each at a certain price, a certain quality and
certain unit costs. A product belongs to one of five potential quality levels:
1 (poor), 2 (fair), 3 (satisfactory), 4 (good), 5 (very good), i.e., the higher
the number, the higher a product’s quality. Sellers are not able to influence
price, quality and unit costs. These will be assigned to them each round.

Buyers Buyers select one seller per round, from whom they can buy at most one
product. (They also have the option not to buy a product.) Buyers value
the quality of a product differently. You can find the buyers’” individual
valuations in the following table. A buyer’s individual valuation is multi-
plied by the quality of the product purchased, thus influencing the earnings
per round (for details, see paragraph “Earnings per round”). It remains the
same for each buyer throughout the experiment. Once a buyer has selected
a product, it is considered purchased; the seller’s consent is not required. It
is possible for multiple buyers to buy from the same seller.

Available information At the beginning of each round, sellers are informed on
the screen about their own price, unit costs and quality as well as the prices,
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unit costs and qualities of the other sellers. At the beginning of each round,
buyers are informed about their own valuation of product quality (accord-
ing to their buyer no. and the information in the table) and the prices of
the products offered. It is also known that, in each round, 3 sellers offer
products per quality level. This means that there are three sellers with poor
product quality, three sellers with fair product quality, three sellers with sat-
isfactory product quality, three sellers with good product quality and three
sellers with very good product quality. In no round is it known whether
there is a relationship between the price and quality of a product. In each
round, assume that there are five sellers from whom purchases were made
most frequently in the past, but the reasons for this are unknown. At the
beginning of each round, you will be informed which these five sellers are .

Buyer ID Individual valuation of quality
3

3

7

7

11

11

15

15

OG- WDN -

Product test The sellers are not able to influence price, quality and unit costs, but
they have the opportunity to apply to a product testing organization such
as Stiftung Warentest each round. The task of the testing organisation is
to check the product quality and to disclose it to all buyers. This happens
before the buyers decide which products to buy. If applicable, sellers must
state the price and quality of their product (it is possible to lie about the
quality) when applying, and pay an application fee of 0.50 thalers to the
testing organization. Should the product test disclose that a seller stated a
false quality, he will have to pay costs of 24.00 thalers for this false quality
statement.

Testing capacity The capacity of the product testing organization is limited.
Among the applicants, it selects a maximum of five sellers whose products
it tests.

Step 1: The product testing organization first selects the sellers with the
cheapest product per quality level for the test.

Step 2: Among these, should there be sellers with products that cost the
same or more than a product of a lower stated quality than a product of a
better stated quality, these products are excluded again. Only the remaining
non-tested products will be tested. Products that have already been tested
will never lose their testing slot.

Step 3: If, after the product test, it turns out that in this iteration at least one
seller stated a false quality and if the maximum testing capacity has not yet
been reached, the product testing organization re-starts with step 1. If, after
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the product test, it turns out that all sellers stated the true quality in this
iteration, no further products will be tested.

For step 1 and step 2, the product testing organization uses the stated qual-
ities of non-tested products (because their true quality is not yet known).
From the second iteration onwards, if applicable, it uses the true qualities
of the products already tested (because their true quality is then known).
If less than five products are selected by step 1 and step 2, fewer products
will be tested accordingly. Should there ever be more applicants selected
than the number of remaining testing slots, a random selection will be made
among these applicants. The application fee of 0.50 thalers must be paid re-
gardless of whether a product will eventually be tested or not. You can find
an overview on page 4.

Earnings per round Each participant receives an initial endowment of 100
thalers. The earnings are determined as follows.

Earnings sellerperround :

initial endowment
+ (price x numbersold products)
— (unitcosts x numbersold products)
—1if applicable, applicationfee
—if applicable, fee for stating false quality

Earnings buyerperround:

initial endowment
+ (quality x ind.valuation of quality)
—Pprice

In the course of the experiment, sellers will be asked how they think other
participants will behave. For each answer that is correct, a seller will re-
ceive additional 0.50 thaler in the corresponding round. Sellers only receive
feedback on how many of their beliefs were correct for the payoff-relevant
round at the end of the experiment.

Payment When all twelve rounds will have been completed, the computer ran-
domly selects one of the twelve rounds to be payoff-relevant for all par-
ticipants. The other rounds are not taken into account for the payment.
At the end of the experiment, each participant will receive the amount of
money they have earned in the payoff-relevant round, converted into EUR
(4 thalers = 1 EUR). If applicalbe, the amount is rounded up to a multiple of
0.10 EUR.

Comprehension questions Please click on “continue” on the screen when you
will have finished reading the instructions and have no further questions
until here. The experiment starts on the screen with comprehension ques-
tions. These comprehension questions are supposed to make it easier for
you to become familiar with the decision-making situation. If you have any

79



questions, please raise your hand. (Participants who are in one of the cubi-
cles with doors today, please open the door so that we can see you raising
your hand.) We will then come to you and answer your question at your cu-
bicle. Once all participants will have correctly answered the comprehension
questions, round 1 of the experiment will start.

Technical note For technical reasons, please enter a dot instead of a comma to
separate decimal places in numbers if applicable.

We wish you success in the experiment!

Testing capacity and selection of products to be tested

Step 1
Initially, select the
cheapest prod-
ucts per quality
level for the test.

( 7

Step 2
If applicable, exclude
products of lower
stated (if already
known, true) quality
which cost the same
or more than a
product of better
stated (if already
known, true) quality.
Test the remaining,
L non-tested products. )

Step 3
If at least one seller
stated a false quality
in this iteration, and
if the maximum

testing capacity has
not yet been reached,
| re-start with step 1. )

Stop
If all sellers stated the
true quality in this
iteration, do not test
any more products.
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Differences to other treatments

SELLERSAPPLY-TRUTH

Product test The sellers are not able to influence price, quality and unit costs, but
they have the opportunity to apply to a product testing organization such
as Stiftung Warentest each round. The task of the testing organisation is
to check the product quality and to disclose it to all buyers. This happens
before the buyers decide which products to buy. If applicable, sellers must
state the price and quality of their product (it is not possible to lie) when ap-
plying, and pay an application fee of 0.50 thalers to the testing organization.

Testing capacity The capacity of the product testing organization is limited.
Among the applicants, it selects a maximum of five sellers whose products
it tests. The product testing organization first selects the sellers with the
cheapest product per quality level for the test. Among these, should there
be sellers with products that cost the same or more than a product of a lower
stated quality than a product of a better stated quality, these products will
not be tested. If less than five products are selected via this method, fewer
products will be tested accordingly. The application fee of 0.50 thalers must
be paid regardless of whether a product will eventually be tested or not.

Earnings sellerperround :

initial endowment
+ (price x numbersold products)
— (unitcosts x numbersold products)

The figure “Testing capacity and selection of products to be tested” was not
included.

BESTSELLERS-WORSTCASE and BESTSELLERS-RANDOM

Product test Each round, a product testing organization such as Stiftung War-
entest tests certain products. The task of the testing organisation is to check
the product quality and to disclose it to all buyers. This happens before the
buyers decide which products to buy.

Testing capacity The capacity of the product testing organization is limited. It
selects five sellers whose products it tests, namely each round the five sellers
from whom the most frequent purchases were made in the past.

Earnings sellerperround :

initial endowment
+ (price x numbersold products)
— (unitcosts x numbersold products)

The figure “Testing capacity and selection of products to be tested” was not
included.
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