DISCLOSURE UNDER UNAWARENESS: AN
EXPERIMENT*

Ying Xue Lif Burkhard C. Schipper?

March 31, 2025

Abstract

We consider a disclosure game between a seller and a buyer. The seller knows
the quality of a good, while the buyer does not. Before the buyer decides how many
units to purchase, the seller can disclose verifiable information about the good.
The better the information, the more the buyer is inclined to buy. The information
about the good is two-dimensional. We design two experimental treatments: In
the unawareness treatment, the buyer is uncertain about the first dimension, but
unaware of the second. Here, unawareness refers to a lack of conception rather than
lack of information. In the control treatment, the buyer is aware of both dimen-
sions, but uncertain about them. The theory predicts unraveling of information
in the control treatment but not in the unawareness treatment. Our experimental
findings are consistent with this prediction. However, a closer examination reveals
that this outcome is driven by buyers becoming confused when sellers naively raise
awareness of the second dimension.
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1 Introduction

Beginning with the seminal works of Grossman and Hart (1980), Grossman (1981), Mil-
grom (1981), Jovanovic (1982), Verrecchia (1983), Dye (1985), and Milgrom and Roberts
(1986), disclosure games have been used to examine the disclosure of verifiable informa-
tion across a range of economic, political, and legal contexts (see Milgrom, 2008, for a
comprehensive review). The striking result in the literature is unraveling of information.
This appears to contradict casual empirical observations suggesting that informed par-
ties may not fully disclose relevant information, or that recipients fail to fully deduce the
information contained in (non)-disclosure.

Various assumptions have been introduced to circumvent the unraveling result. For
instance, senders may only learn the information after they have somehow committed to a
disclosure strategy, and this may lead to partial disclosure in equilibrium (Kamenica and
Gentzkow, 2011). Alternatively, costs of disclosure may hamper information disclosure
(Verrecchia, 1983, Dye, 1985). Here we advance an alternative explanation: Receivers of
information may be unaware of certain aspects of the information. Unawareness refers to
the lack of conception rather than lack of information (see Heifetz, Meier, and Schipper,
2006). When the sender remains silent about an aspect of the information that the
receiver is unaware of, the receiver cannot infer anything from this silence, as they are
not even capable of thinking about that dimension. This prevents unraveling, particularly
with regard to unfavorable information that the receiver is unaware of. For a detailed
exposition of this argument, see Heifetz, Meier, and Schipper (2021). Schipper and Woo
(2019) apply these ideas to political awareness among voters and electoral campaigning,
while Francetich and Schipper (2025) explore a principal-agent problem in which the
principal is unaware of factors affecting the agent’s costs. In their model, the agent can
disclose these factors before the principal designs a menu of contracts for screening the
agent.

We present an experiment to test this prediction. Specifically, we compare unraveling
in a disclosure game with full awareness to unraveling in an analogous game where the
receiver is unaware of a dimension of the information. We find that the frequency of
unraveling in the game with unawareness is significantly lower than that with full aware-
ness, in line with the theoretical prediction. However, this result is driven by buyers
becoming confused after sellers naively raise awareness — despite theory predicting that
they should not raise awareness.

Our experiment contributes to a growing body of literature on experimental tests of
disclosure games (see Forsythe, Isaac, and Palfrey, 1989, King and Wallin, 1991, Ben-
ndorf, Kiibler, and Normann, 2015, Hagenbach and Perez-Richet, 2018, Li and Schipper,
2020, Jin, Luca, and Martin, 2021, 2022, Deversi, Ispano, and Schwardmann, 2021, Sheth,
2021, Farina and Leccese, 2024, Farina et al., 2024, Penczynski, Koch, and Zhang, 2025).
However, none of these studies account for the potential limits to unraveling posed by
unawareness.



We also contribute to the small but growing literature on experiments with unaware-
ness. In an early study, Blume and Gneezy (2010) show that players in coordination
games form beliefs about the opponent’s awareness of a coordination opportunity and
try to signal their own awareness of this opportunity. Charness and Sontuoso (2023)
study experimentally the awareness of visual attributes of actions in coordination games.
Heterogeneous awareness hampers coordination, while limited awareness and common
awareness enhance coordination. We are not aware of other experiments on unawareness
in games. Yet, there are experiments on unawareness in single-person decision making.
Ma and Schipper (2017) and Araujo and Piermont (2023) analyze experimentally whether
risk preferences are affected by exposure to unawareness (see also Mengel, Tsakas, and
Vostroknutov, 2016, for an earlier related study). Becker et al. (2025) experimentally
test reverse Bayesianism, a constraint on updating beliefs upon becoming aware.

The paper is organized as follows: In the next section, we outline the model and the-
oretical predictions. This is followed in Section 3 with an exposition of the experimental
design and the hypothesis. The analysis is presented in Section 4. Finally, we conclude
in Section 5. The instructions, questionnaire, and screenshots (incl. translations) are
relegated to an online appendix accessible from https://faculty.econ.ucdavis.edu/
faculty/schipper/unawpgexp_appendix_complete.pdf. The programs, data, and Stata-
do file are available from https://faculty.econ.ucdavis.edu/faculty/schipper/
unawpgexp.do.

2 Model

We consider a two-player disclosure game between a seller (she) and a buyer (he). The
seller possesses a good with multiple attributes. Specifically, we consider two attributes,
each of which may be present or absent independently of the other. As a result, the good
can exhibit one of four possible attribute combinations. The seller has full knowledge of
the attribute combination of their good, whereas the buyer initially does not. The true
attribute combinations are important for the buyer to decide how many units to purchase.
Before the buyer makes his decision, the seller can disclose verifiable information about
the good’s attributes to the buyer. The seller can be vague, in the sense of disclosing a
range of attribute combinations, but she is not allowed to lie about the true attribute
combination of the good. That is, no matter what set of attribute combinations the seller
discloses to the buyer, she cannot rule out the true attribute combination of the good.

For the sake of concreteness, we call the first attribute “quality” and the second
“feature”. The quality can be either 2 or 3. We denote the quality by ¢. The feature
can be either a or b (e.g., we can think of a feature being “present” or “not present”). If
nature chooses quality ¢ € {2,3} and feature f € {a, b}, then the seller’s set of messages
is M(q, f) ={M | M €23 ge M} U{M | M € 223>dab} (¢ f) € M}.! That is,

ITo simplify the design of the experiment, we restricted the seller’s set of messages in such a way



messages are verifiable but can be vague. In particular, they can be silent on the feature.

The buyer can purchase z € X := {1,2, 3,4} units of the good. We denote by z the
amount purchased. The price of each unit is fixed to $4. The buyer’s payoff depends on

the true attribute combination of the good and the number of units he buys as shown in
Table 1.

Table 1: Payoffs to the Buyer under Full Awareness

Attribute combination

(2,a) [ (2,b) | (3,0) | (3,a)

x=1 14 10 8 7

Units xr =2 8 16 12 11
purchased | x = 3 4 10 18 14
r=4 1 7 12 20

We observe that feature a is useful to the buyer if and only if the quality is 3. Feature
b is useful if and only if the quality is 2. Moreover, we also observe that the order of
optimal quantities for the buyer matches the order of attribute combinations in the table.
Le., it is determined by the main diagonal of Table 1.

We neglect the cost of production. Thus, the payoff to the seller is simply price times
quantity, $4 - x.

We now consider two versions of this game that will feature in one treatment each.
The first version is defined as above — this is an example of a standard disclosure game
with full awareness.

In the second version, the seller is aware of both dimensions (i.e., quality and feature),
while the buyer is initially only aware of the quality. Intuitively, unawareness of the
feature means that the buyer does not even conceive of the existence or non-existence
of the feature (i.e., a or b); see Heifetz, Meier, and Schipper (2006) for an epistemic
characterization of the notion of unawareness used in our setting. It means that the
feature is essentially out of the buyer’s mind. Consequently, if the seller does not make
him aware of the existence of the feature with her verifiable message before the purchase,
the buyer can contemplate only about the quality of the good but not about the presence
of the feature. We assume that in this case the buyer views his payoffs as given by Table 2.
That is, payoffs are determined as if the feature is not present (i.e., the second dimension
takes on value b). Such a setting is realistic especially if the good is an experience good
whose features are only discovered by the buyer once consumed. In any case, whenever
the seller discloses information, the information must be truthful in the sense of not
ruling out the true state.

as to not allow her to select messages pertaining only to the feature. I.e., we exclude messages in
{M | M €2ttt f e M},



Table 2: Payoff to the Buyer with Unawareness of the Feature

Quality
2 |3
r=11]10] 8

Units r=2|16] 12
purchased | x =3 || 10 | 18
r=4| 7|12

This second setting defines an instance of a game in extensive form with unawareness
(see Heifetz, Meier, and Schipper, 2013, 2021, Schipper, 2021). Nature moves first, and
determines the quality of the good and whether or not the feature is present. Each move
of nature leads to a singleton information set of the seller. At this information set, the
seller can choose a message consistent with the move of nature. I.e., if the move of nature
is (q, f), then the seller’s set of messages is M(q, f) defined above. If the seller chooses
a message in {M | M € 2{23b{ab} (g f) € M}, then the buyer becomes aware of the
existence of the feature. Consequently, the buyer’s state of mind is represented by an
information set in the game tree containing histories consistent with the message of the
seller. If the seller chooses a message in {M | M € 233t ¢ € M}, i.e., she remains
silent on the feature, then the buyer remains unaware of the feature. Consequently, her
state of mind is given by an information set in a less expressive game tree, where nature
initially chooses between qualities in {2,3} followed by the seller selecting a message in
{M | M € 223} g € M} (assuming that nature chooses quality ¢ in this less expressive
tree). The less expressive game tree represents the buyer’s view of the strategic situation
when he remains unaware of the feature. This disclosure game with unawareness involves
two game trees, one similar to the case of full awareness and one less expressive tree where
moves of nature and messages of the seller are restricted to mentioning qualities only and
anything having to do with the feature is erased. In the more expressive tree, at any
history in which the seller is silent on the feature, the corresponding information set of
the buyer is a subset of histories of the less expressive tree, signifying that the buyer
remains unaware of the feature.?

To discuss the solution concept, we need both strategies and beliefs. As usual in
games in extensive form, strategies map information sets into actions available at those
information sets. In the game with unawareness, note that both players have information
sets in both the more- and the less-expressive game trees.

For the seller, the quality and the kind of feature selected by nature represent the
information sets. A strategy oy of the seller maps her information sets (in both trees,
in case of unawareness) to the set of messages consistent with the information set. E.g.,

2See Heifetz, Meier, and Schipper (2021) for a graphical depiction of a disclosure game with unaware-
ness.



if (q, f) is the information set of the seller, then o4(q, f) € M(q, f). In the case of
unawareness, in the less expressive tree, if ¢ is the information set of the seller, then
os(q) € {M | M € 2123} ¢ € M}. The information sets of the buyer are identified with
the messages sent by the seller. The strategy of the buyer o, maps his information sets
(in both trees) to quantities in X. For each player i € {b, s}, we denote by ¥; player
i’s set of strategies. Disclosure games with unawareness also have a notion of partial
strategy, namely a strategy restricted to the less expressive tree.

A belief system [, of the seller is a profile of beliefs, one for each of her information
sets. Each belief is about the strategies of the buyer. In the case of unawareness, the
seller’s belief at an information set in the less-expressive game tree, is about the partial
strategies of the buyer.

Analogously, a belief system 3, of the buyer is a profile of beliefs, one for each of
her information sets. Fach belief is about (partial) strategies of the seller and moves
of nature. At each information set, it assigns probability 1 to combinations of moves
of nature and strategies of the seller, such that the seller’s strategy and move of nature
reaches this information set.

While standard disclosure games with full awareness are typically solved using se-
quential equilibrium or perfect Bayesian equilibrium, we use prudent rationalizability
(Heifetz, Meier, and Schipper, 2021, Schipper and Woo, 2019, Li and Schipper, 2020).
This is a version of extensive-form rationalizability incorporating an admissibility crite-
rion. It is strategy-equivalent to iterated admissibility applied to the associated normal
form of this game (Meier and Schipper, 2024). The advantage of using prudent ratio-
nalizability is two-fold: First, the solution concept applies to both versions of the game.
That is, prudent rationalizability can naturally be applied to games with unawareness
while the notion of sequential equilibrium is problematic in games with unawareness.
The reason is that equilibrium is often motivated as a steady-state of a learning process.
Yet, in games with unawareness, a ready-made steady-state is initially elusive when the
buyer becomes aware of the feature. See Schipper (2021) for a discussion. Second, since
prudent rationalizability is an iterative solution concept, it provides predictions for any
finite level of reasoning about the rationality of the opponent. Thus, similar to the liter-
ature on level-k models, we are able to learn about levels of reasoning of players. More
precisely, we learn about mutual k-level cautious strong belief in rationality; see Li and
Schipper (2020) for an experiment on disclosure games partially identifying levels of rea-
soning and Schipper and Zhou (2024) for a comparison of level-k-thinking with prudent
rationalizability. In the limit, it identifies strategies consistent with common cautious
strong belief in rationality. Finally, in disclosure games without unawareness, prudent
rationalizability slightly refines pure sequential equilibrium strategies.

We say that strategy o; of player i is rational with belief system 3; at the player’s
information set, if o; maximizes expected payoffs with respect to the belief prescribed by
B; at that information set.

Prudent rationalizability is now defined inductively: For each player i € {b, s}, all



strategies are level-0 prudent rationalizable, ¢ = ¥;. For each k > 1, the set B of level
k beliefs of the seller are all the belief systems (5, that assigns strict positive probability to
each level k — 1 strategies of the buyer, Z'g_l, and probability zero to any other strategy.

The set of level k prudent rationalizable strategies of the seller, ¥%, are all level k — 1
prudent rationalizable strategies of the seller, ¥*~! such that, for each strategy o, € X¥,
there exists a level k belief system 3, € B¥ with which the strategy o, is rational at every
of her information sets.

For each k > 1, the set Bf of level k belief systems of the buyer is the set of belief
systems [, such that for each of his information sets, if there exists a move of nature and
a level k£ — 1 prudent rationalizable strategy of the seller such that this strategy reaches
this information set, then the support of the belief at this information set is the set of
level k — 1 prudent rationalizable strategies of the seller and moves of nature that reach
this information set.

The set of level k prudent rationalizable strategies of the buyer, ¥, are all level k — 1
prudent rationalizable strategies of the buyer, E’g_l, such that, for each strategy o, € XF,
there exists a level k belief system 8, € BF with which the strategy oy is rational at each
of his information sets.

The set of prudent rationalizable strategies of player i € {b, s} is X5° := (1,2, ZF. See
Heifetz, Meier, and Schipper (2021) for a detailed exposition.

A strategy survives k levels of the prudent rationalizability procedure, if there exists
a full support belief on the k-level prudent rationalizable strategies of the other player
and - in the case of the buyer - feasible moves of nature for which the strategy is ratio-
nal at every information set of the player. The prudence or cautiousness is captured by
full support beliefs. It means that at each level, a player does not completely exclude
any of the opponent’s remaining strategies and feasible moves of nature. Relevant to
disclosure games, this includes the worst possible quality-feature combinations (or, in
the case of not raising awareness, the worst possible quality) consistent with the mes-
sage observed by the buyer. Hence, skepticism about messages comes for free through
prudence/cautiousness. Note that when the buyer is unaware of the feature, he cannot
be skeptical when the seller is silent about the feature because he does not even think
about the feature. Heifetz, Meier, and Schipper (2021) and Meier and Schipper (2024)
provide further discussions of the solution concept, including an existence proof for finite
games in extensive form and a proof of equivalence to iterated admissibility based on
Pearce (1984, Lemma 4). Schipper and Woo (2019) apply it to a disclosure game in an
electoral campaign framework. Most relevant, Li and Schipper (2020) solve a disclosure
game with four quality levels using prudent rationalizability and partially identify levels
of reasoning in experiments on disclosure games (without unawareness). Battigalli (2006)
applies a closely related rationalizability concept with belief restrictions to a standard
disclosure game without unawareness.

To see how prudent rationalizability operates in disclosure games, consider first a



disclosure game with two quality levels @ = {2,3}. (Such a game is actually played by
our participants in the first 15 rounds of our experiment.) At the first level, a buyer
receiving a singleton message from the seller knows the true quality (since information
is verifiable and thus the seller cannot lie). Hence, he best-responds by choosing the
quantity equal to the quality level disclosed. At the second level, the seller forms full-
support beliefs about first-level prudent rationalizable strategies of the buyer. If her
quality is 3, then she happily discloses it to the buyer, because otherwise she runs the
risk of the buyer buying less than 3 (since she entertains full-support beliefs). At the
third level, the buyer forms full-support beliefs over second-level prudent rationalizable
strategies of the seller. In particular, if he does not hear the message {3} from the seller
then he knows that the seller does not have quality 3 since any second-level prudent
rationalizable seller with quality 3 would have happily disclosed this fact to him. At
this point, information unravels with respect to qualities. The buyer deduces complete
information about the quality from the seller’s message, even if the message itself is vague
because a seller with quality 2 may say {2, 3}.

To define unraveling more formally, let < be a binary relation on moves of nature
that reflect the buyer’s preferences, assuming that he chooses the optimal quantity under
complete information (see the main diagonals in Tables 1 and 2. T.e., (2,a) < (2,b) <
(3,b) = (3,a) as well as 2 < 3. Given a message M and the awareness of the buyer, we
denote by ming M the minimum quality-feature (in the case of awareness of the buyer) or
minimum quality (in the case of unawareness of the buyer) consistent with the message.
For instance, if M = {2} then mins M = {(2,a)} if the buyer is aware of the feature.
Otherwise, if the buyer is unaware of the feature, then ming M = {2}.

Definition 1 (Unraveling) We say that a strategy profile is unraveling (in terms of
information and awareness) if

(1) for each move of nature (q, f) € {2,3} x {a,b}, the seller sends a message M €
M(q, f) such that mings M = {(q, f)}.

(ii) for each message M of the seller, the buyer purchases quantity x € X that maxi-
mizes the buyer’s payoff at min< M.

We say that a player’s strategy is unraveling if it is part of the unraveling strategy profile.

Note that in the case of disclosure games with unawareness, unraveling requires making
the buyer aware of the feature, otherwise, he cannot deduce anything from silence about
the feature. It is important to note that in the game with full awareness, message {2}
can be unraveling whereas it is not in the game with unawareness. We will return to this
issue when we analyze our data.

Proposition 1 In the disclosure game with full awareness, any prudent rationalizable
outcome 1s an unraveling outcome.



The proof follows directly from Li and Schipper (2020, Proposition 1) upon noting that
the four quality levels 1, 2, 3, and 4 in their game map bijectively to (2, a), (2,b), (3,b),
and (3, a), respectively.

The unraveling prediction under full awareness contrasts with prudent rationalizable
outcomes when the buyer is initially unaware of the feature. If the move of nature selects
the quality-feature combination (2,a), then in any prudent rationalizable outcome the
seller remains silent about the feature (i.e., chooses a message that is silent on a or
b). The buyer remains unaware of the feature and views the game as given by the less
expressive tree. In this tree, there are just two quality levels, 2 and 3. Since the buyer is
unaware of the feature, he cannot deduce from the fact that the seller remains silent on
it that the good has feature a. In fact, he does not consider the feature at all. That is,
information unravels with respect to the quality of the good but not with respect to the
feature.

Proposition 2 In the disclosure game where the buyer is initially unaware of the feature,
in any prudent rationalizable outcome the seller does not fully reveal the quality-feature
combination if nature selects (2,a). In this case, the seller is silent on the feature.

The observation is due to Heifetz, Meier, and Schipper (2021, Proposition 3). It also
proved in an application by Schipper and Woo (2019).

3 Experimental Design and Hypothesis

We conducted experiments both at the University of California, Davis, and later at
Xi’an Jiaotong University. The experiment run at UC Davis was programmed in zTree
(Fischbacher, 2007) except for a paper-based questionnaire on demographics. The later
experiments, run at Xi’an Jiaotong University, were programmed in o-tree (Chen et al.,
2016) so that text could be displayed in Chinese. At both locations, the questionnaire (see
the Online Appendix under https://faculty.econ.ucdavis.edu/faculty/schipper/
unawpgexp_appendix_complete.pdf.) was distributed only at the end of the experi-
mental session. Subjects were recruited on both campi using the ORSEE recruitment
system by Greiner (2004). In China, we also used WeChat to recruit subjects.

Upon arrival in the lab, participants received written instructions for the experi-
ment (see the Online Appendix under https://faculty.econ.ucdavis.edu/faculty/
schipper/unawpgexp_appendix_complete.pdf.). They were given sufficient time to
read the instructions. After the experimenter went over the written instructions in front
of the participants, they were able to ask questions about the instructions and the ex-
periment. These questions were answered by the experimenter in public. The same
experimenter conducted all sessions in the US and in China.

Each session ran one of the following two treatments:



Treatment A: Participants played 15 rounds of a disclosure game with two quality
levels, {2,3}. Then, in the 16th round, both the seller and the buyer were notified
about the dimension of the feature, {a,b}, and participants played the disclosure
game with both the quality and feature dimensions. This treatment serves as the
control treatment. The game in the 16th round represents the disclosure game with
full awareness discussed in the prior section.

Treatment U: Participants played 15 rounds of a disclosure game with two quality
levels, {2,3}. Then, in the 16th round, only the seller was notified about the
dimension of the feature, {a,b}, and participants played the disclosure game with
both quality and feature dimensions, with the buyer being initially unaware of the
existence of the feature-dimension. The game in the 16th round represents the
disclosure game with unawareness discussed in the prior section.

Each participant was allowed to participate in only one session, and was assigned to one
of the two treatments. Thus, we have a between-subject experimental design. In the
US, none of the participants of a prior experimental disclosure game reported in Li and
Schipper (2020) were allowed to participate in present experiment.

At the beginning of each session, participants were randomly assigned into matching-
groups of six participants. Each participant stayed in the same matching-group through-
out the session. Participants were unaware of matching-groups. At the beginning of each
round, each participant was (re-)randomly matched to another participant from the same
matching-group. The resulting pair of participants played the disclosure game together
for one round, one participant being randomly assigned to the role of the seller and the
other being the buyer. Participants were randomly rematched within their matching-
group after each round. The random rematching should minimize repeated-games effects
over the 16 rounds, while the matching groups allows us to collect a sufficient number of
independent observations. Each matching group is an independent observation.

Due to random assignment of participants to the role of the buyer or seller, a partic-
ipant may find herself in the role of a seller in one round and in the role of a buyer in
another. This change of roles should facilitate interactive reasoning. Participants may
find it easier to reason about the other player once they have been in a similar role.

In each round, first the seller receives information about the move of nature (i.e,
quality in rounds 1 to 15 and the quality-feature combination in round 16). The move of
nature was private information to the seller and was not observed by the buyer. Then the
seller chose a message to send to the buyer. After receiving the seller’s message, the buyer
decided on the quantity to purchase. Finally, both the buyer and seller were informed
about their own payoffs. For screenshots, see the Online Appendix under https://
faculty.econ.ucdavis.edu/faculty/schipper/unawpgexp_appendix_complete.pdf.

In the 16th round of the treatment with full awareness (treatment A), both the
seller and the buyer were notified of the existence of the second dimension along with
the new payoff table for the buyer (see the screenshots for the seller and the buyer).
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However, only the seller received information about the quality level and feature selected
by nature. Different from previous rounds, the message set of the seller is extended by
eight additional messages involving the second dimension.

In the 16th round of the treatment with unawareness (treatment U), only the seller
was notified of the existence of the second dimension along with the new payoff table
for the buyer. Upon receiving information on the quality level and the feature selected
by nature, the seller then decided on a message. Recall that the set of available mes-
sages also contains messages that are silent on the dimension of the additional feature
(see seller’s screenshots in the Online Appendix under https://faculty.econ.ucdavis.
edu/faculty/schipper/unawpgexp_appendix_complete.pdf.). If the message received
by the buyer did not contain information about the feature, but at most information
about the quality, then the buyer simply chooses a quantity to purchase as in the first 15
rounds. If the message received by the buyer did contain information about the feature,
then, before making the decision, the buyer was notified about the second dimension
along with the new payoff table.

After the disclosure games, participants received and answered a paper-based ques-
tionnaire about demographics. The questionnaire was not incentivized, and this was
known to participants upfront.? At the end of the session, participants were paid a show-
up fee plus earnings from the disclosure games. For each participant, one disclosure
game was randomly and independently selected for payment. For the experiments in the
US, the payoffs in the disclosure games are already denominated in US dollars. For the
experiments in China, the payoff numbers of the games in Section 2 were multiplied by
two and used for payment in Ren Min Bi (RMB).

For our analysis, we are not interested in the first 15 rounds. They just allow par-
ticipants to gain familiarity with a simpler version of the task. We are solely concerned
about decisions in round 16. In particular, we focus on whether outcomes in treatment
A differ significantly from outcomes in treatment U. It allows us to compare unraveling
in disclosure games with full awareness with unraveling in disclosure games with un-
awareness. The theory predicts unraveling in the former, but failure of unraveling in the
latter, particularly in the case where nature chooses (2,a). In line with the theoretical
predictions, we hypothesize the following:

Hypothesis 1 The relative frequency of unraveling outcomes when nature selects (2, a)
in treatment A is significantly higher than that in treatment U.

3For the experiments conducted in the US, participants also completed an unincentivized 30-question
Raven’s progressive matrices test at the computer. Each question consisted of a graphic pattern in which
one piece is missing. Participants needed to select the missing piece out of 8 options in order complete
the pattern. We will not analyze the data here as we did not collect the data for the China samples.
We did not collect the data for the China samples because we observed that participants spent a lot
of time on this unincentivized task and we do not have a hypothesis w.r.t. the data from the Raven’s
progressive matrices test beyond what we already analyzed in disclosure games with full awareness in Li
and Schipper (2020).

11



4 Result

The first set of experimental sessions of was conducted in a computer lab at the Uni-
versity of California, Davis, USA, in May 2016 and February to March 2017. The next
set of sessions was conducted in a computer lab at Xi’an Jiatong University, China, in
November 2021, December 2021, and May to June, 2022. The delay between the sessions
is due to one of coauthors moving back to China for her first academic appointment
and the Covid pandemic that generally interrupted laboratory experiments. For rea-
sons we will explain shortly, we report on two samples collected in China, which we
call “China” and “China*”. The entire data set and the Stata-do file are available from
https://faculty.econ.ucdavis.edu/faculty/schipper/unawpgexp.do. The demo-

graphic details are summarized in Table 3.

Table 3: Demographics of Our Samples

USA China China*
May 2016 & Feb.-Mar. 2017 Nov. 2021 Dec. 2021 & May-June 2022
Variable Count | Mean Std. Count | Mean | Std. Count | Mean ‘ Std.
Dev. Dev. Dev.
Sessions Treatm. A 9 6 11
Sessions Treatm. U 9 6 11
Total Sessions 18 12 22
Participants Treatm. A 192 78 150
Participants Treatm. U 186 78 120
Total Participants 378 156 270
Female 235 0.62 63 0.4 130 0.48
Age 378 | 20.71 2.50 156 | 20.14 | 2.86 270 | 20.20 2.71
Average GPA 373 3.22 0.47 135 | 83.81 | 6.72 263 | 83.81 6.31
Economics 85 0.22 15 0.10 22 0.08
Math 8 0.02 8 0.05 4 0.01
Engineering 43 0.11 67 0.43 154 0.57

Table 4 shows the payments and duration for all three samples. As mentioned in
Footnote 3, for the China and China* samples, we did not add the Raven’s progressive

matrices task, which substantially shortened the experiment.

Table 4: Incentives

USA China China*
Mean $17.96 | RMB 36.58 | RMB 35.44
Max $ 25.00 | RMB 50.00 | RMB 46.00
Min $9.00 | RMB 24.00 | RMB 12.00
Std. Dev. 3.86 7.63 8.50
Av. Duration || 60 min 30 min 30 min

While the remuneration of participants in China is lower than that in the US ($1.00

is about RMB 7.23), the duration of the experiments in China is about half. Moreover,
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China*

Treat. A ‘ Treat. U

Pooled

Treat. A ‘ Treat. U

Unravel.

Non-unravel.

8
34

USA

Treat. A ‘ Treat. U
24
38

14
12

China
Treat. A ‘ Treat. U

18

8

36
22

14
50

78
68

36
96

Table 5: Counts of Unraveling/Non-unraveling Outcomes by Treatment and Sample upon

Nature Selecting (2, a)

purchasing power in China is larger. We believe that, overall, the incentives are com-
parable. In both countries, we gauged the expected payments with the wages a student

could earn when working for the duration of the experiment.

Percentage of Unraveling

Figure 1: Relative Frequency of Unraveling upon Nature Selecting (2, a)

Figure 1 visualizes the relative frequencies of unraveling in both treatments upon
nature choosing (2,a). The blue bars indicate treatment A, the orange ones represent
treatment U. We report histograms for all three samples separately as well as for the
pooled data. All samples show a higher frequency of unraveling in treatment A than
in treatment U. The green bars indicate 95% confidence intervals. We apply the one-
sided Fisher’s Exact Test for 2 x 2 tables with two independent samples (Siegel and
Castellan, 1988) to the count data in Table 5. We find that the difference in unraveling
between treatments A and U is statistically significant for the USA sample (p = 0.0263),
statistically insignificant for the China sample (p = 0.1964), and statistically significant

Average Percentage of Unraveling for (2, a)

0.5842

I Awareness
[ Unawareness

0.2y27

USA

China

China*

for the China* sample (p = 0.0000).

What explains the differences between the samples? First of all, when continuing the
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experiments in China, we changed the probability distribution with which nature chooses

the quality-feature combination from uniform to (0.4,0.2,0.2,0.2) over ((2, a), (2,b), (3,b), (3,a)).
This was motivated by increasing statistical power because we are only interested in the
difference in unraveling between treatments A and U when nature selects (2,a). Note

that this does not affect the individual behavioral predictions of the solution concept con-
ditional on the move of nature (for the seller) and conditional on the message received

(for the buyer). Second, when collecting the China sample, we noticed from informal exit
interviews that sellers did not pay attention to the fact that buyers were unaware of the
feature in round 16. They essentially overlooked several facts displayed on screen before

round 16 (see the appendix for screen shots):

“Till now the buyer has no idea about the possible special feature. As before
(s)he is just aware of qualities 2 and 3. With your message to the buyer,
you may or may not choose to inform the buyer about the possibility of the
special feature. If you inform the buyer about the feature, then (s)he will
also see this table. Otherwise if you choose not to inform the buyer about the
feature, then (s)he will remain unaware of it. The feature is chosen randomly
as well.

Which message would you choose to send to the buyer?”

Apparently, this paragraph contained too much text and was not read carefully. As
a remedy, we changed the text for the collection of the China* sample by separating
the sentences of the paragraph and adding another sentence just before asking them to
choose (see the appendix for screenshots):

“Till now the buyer has no idea about the possible special feature. As before
(s)he is just aware of qualities 2 and 3.

With your message to the buyer, you may or may not choose to inform the
buyer about the possibility of the special feature.

If you inform the buyer about the feature, then (s)he will also see this table.
Otherwise if you choose not to inform the buyer about the feature, then (s)he
will remain unaware of it. The feature is chosen randomly as well.

As before, the message has to contain the true number. You can be silent on
the feature but whenever the feature is mentioned, it must contain the true
feature.

Which message would you choose to send to the buyer?”
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This is the only difference between the China and the China* samples. It highlights the
fact that comprehension of instructions is extremely important for experiments, especially
when the experiment is about the effect of raising awareness. It would be wrong to
discount the China sample as a “pilot experiment” because at the time of running it, we
did not think of it as a pilot experiment. While clearly the comprehension of instructions
for the China sample was not carefully controlled, ex post we think that it allowed us
to learn about the impact of small awareness raising changes in the instructions. In any
case, when pooling all samples, the difference in unraveling between treatments A and
U remains statistically significant (p = 0.0000), again using a one-sided Fisher’s Exact
Test.

Observation 1 We cannot reject the hypothesis. The relative frequency of unraveling
outcomes when nature selects (2,a) in treatment A is significantly higher than that in
treatment U.

Average Percentage of Revealing Feature for (2, a)

0.8462 0.8462

0.8065 0.7945

0.7586

0.7143 0.6970

0.6250

I Awareness
[T Unawareness

Percentage of Revealing Feature

USA China China* Pooled

Figure 2: Relative Frequency of the Seller Revealing the Feature upon Nature Selecting
(2, a)

Recall that unraveling under unawareness requires that the seller makes the buyer
aware of the feature dimension when sending her message, while this is not required un-
der full awareness. So just by choosing messages randomly and applying our definition of
unraveling, we should observe less unraveling in treatment U than in treatment A. Is our
result an artefact of the different implications of what unraveling represents under aware-
ness and unawareness? To be more precise, recall that when nature selects (2, a), unrav-
eling in treatment U requires the seller to send a message raising awareness of the feature.
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In treatment U, any message in {{(2,a)},{(2,a), (2,0)},{(2,0a),(3,a)},{(2,a), (3,b)},{(2,a), (2,b),(3,a)}
{(2,a),(2,0),(3,0)},{(2,a),(3,a), (3,b)},{(2,a),(2,0),(3,a), (3,b) }} is consistent with un-

raveling. In treatment A, messages in {{2},{2,3}} are also consistent with unraveling.

Average Percentage of Selecting One Unit for (2, a)

I Awareness
[ Unawareness

Percentage of Selecting One Unit
w
1

USA China China* Pooled

Figure 3: Relative Frequency of the Buyer Purchasing One Unit upon Nature Selecting
(2, a)

We can study separately the seller’s and the buyer’s parts of the definition of un-
raveling (Definition 1). In Figure 2, we show histograms with the relative frequency of
the seller revealing the existence of the feature when sending the message to the buyer
upon nature selection (2,a). We observe that for all samples except the China sample?,
the seller is more likely to keep silent about the feature (i.e., less likely to use a message
that reveals the existence of the feature) in treatment U than in treatment A, which is
consistent with the theory. However, the one-sided Fisher’s test for 2 x 2 tables with
two independent samples applied to count data in Table 6 confirms that these differences
are not statistically significant (USA sample: p = 0.3618 , China sample: p = 0.7035,
China* sample p = 0.1984, Pooled sampled: p = 0.1298). Moreover, the relative magni-
tudes of revealing the feature in Figure 2 are much larger than for unraveling in Figure 1
suggesting that a substantial fraction of sellers raise the buyer’s awareness of the feature
when the buyer is unaware of it. Essentially, overall 70% of the sellers do not conform to
theory. This suggests that the lack of unraveling under unawareness must be due to the
buyer’s behavior and not the seller’s behavior.

4We believe that the fact that the relative frequencies of mentioning the feature in the China sample
are equal for both treatments A and U just emphasizes our earlier claim that participants did not read
carefully the instructions in the China sample.
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USA

Treat. A \ Treat. U

China

Treat. A \ Treat. U

China*

Treat. A \ Treat. U

Pooled

Treat. A \ Treat. U

Disclose
Not discl.

25
6

15
6

11
2

11
2

22
7

20
12

58
15

46
20

Table 6: Counts of the Seller Disclosing the Feature by Treatment and Sample upon
Nature Selecting (2, a)

USA China China* Pooled
Treat. A ‘ Treat. U || Treat. A ‘ Treat. U || Treat. A ‘ Treat. U || Treat. A ‘ Treat. U
One 18 4 9 7 18 8 45 19
Not one 11 17 4 6 11 24 26 47

Table 7: Counts of the Buyer Purchasing One Unit by Treatment and Sample upon
Nature Selecting (2, a)

Figure 3 displays histograms with the relative frequency of the buyer selecting quan-
tity one, the optimal quantity in the unraveling outcome when nature selected (2,a).
We observe that despite 70% of the sellers raising awareness of the feature, overall only
29% of the buyers select the optimal quantity in treatment U. This is significantly less
than in treatment A, suggesting that raising awareness of the feature when buyers are
unaware of it confuses the buyers and induces them to choose non-optimal quantities.
The one-sided Fisher’s test for 2 x 2 tables with two independent samples applied to
count data in Table 7 shows that these differences are statistically significant, except in
the China sample (USA sample: p = 0.0027 , China sample: p = 0.3441, China* sample
p = 0.0036, Pooled sampled: p = 0.0000).

To sum up, while we cannot reject our hypothesis, it is not because our theory works
as expected, but because both sellers and buyers largely do not conform to the theory.
In particular, sellers naively raise awareness too often and buyers confusedly choose non-
optimal quantities upon becoming aware.

Observation 2 Contrary to the theory under unawareness, significantly more than half
of the sellers raise awareness of the feature, and significantly more than half of the buyers
choose non-optimal quantities upon becoming aware.

The China* sample’s behavior is closer to the theoretical prediction both in treatment
A and U. This might be due to having more participants from science and engineering
in the China* sample compared to the USA sample.

5 Discussion

When buyers are aware of potentially negative aspects of a good, they may become
suspicious if the seller does not disclose relevant information about these aspects. In
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contrast, if buyers are unaware of these aspects, then they will not become suspicious if
the seller is silent on these aspects. That is, skepticism presupposes awareness. Conse-
quently, information does not unravel under unawareness as it does under full awareness.
The theoretical predictions of disclosure games with and without unawareness match the
above intuition. In this note, we experimentally test these predictions. In line with the
theory, we observe significantly less unraveling under unawareness than under awareness.
However, it seems that this is not due to the validity of the theory. In contrast to the the-
ory, we observe sellers naively raise awareness when theory predicts that they should not,
and buyers confusedly make suboptimal decisions upon becoming aware. This explains
the lack of unraveling under unawareness.

While learning would allow both sellers and buyers to become more sophisticated,
learning requires repetition. When a game with unawareness is repeated after awareness
has been raised the first time it is played, the buyer would not be unaware anymore.
Thus, we cannot observe learned behavior in a game with unawareness after awareness
has been raised.

Lastly, we comment on the nature of information provided to subjects in our unaware-
ness treatment. Since our experiment aims to measure unawareness as an explanatory
variable, we as experimenters cannot disclose all relevant information to participants at
the beginning. This is simply unavoidable. If we were to tell participants upfront that
there is an attribute dimension of the good that has not been previously described, then
we would already change the participants’ mind and participants would become aware of
this second dimension upfront. In some sense, we would destroy with the experimental
instructions what we want to measure in the experiment. Not disclosing everything to
participants in an experiment should not be confused with lying to participants. Every
piece of information conveyed in the instructions is truthful and verifiable. We are just
silent on some dimension of the good in period 16. In fact the information provided
to participants in the experiment is akin to the notion of verifiable information, the
paradigm that we test in this experiment. In almost all economic experiments in the
literature, participants are not told literally everything about the experiment. Often, the
very purpose of an experiment is concealed from participants for the fear that knowing
purpose may affect their behavior via the experimenter demand effect. Avoiding the ex-
perimenter demand effect by withholding information from the participants just means
that this very information is expected to be behaviorally relevant. In any case, we should
recognize that similar to the effect of lying to participants, not disclosing everything that
is relevant to the participants’ decisions may lead them to mistrust our instructions in
later experiments. In the language of Charness, Samek, and van de Ven (2022), our
experiment must be considered to be one in the “gray area” with respect to practices
that omit information or are misleading without an explicit lie being told. We mitigate
these possible negative effects on future experiments by keeping track of who partici-
pated in which experiment using ORSEE (Greiner, 2004), and exclude participants in
the unawareness treatment from future experiments.
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