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Abstract:

Alevel-k model based on a specific salience-pattern is the only model in the liter-
ature that accounts for behaviour in hide-and-seek games. This paper presents
nine different experiments designed to measure salience. The elicited salience
patterns tend to be similar, but none of them is similar to the pattern needed to
allow the level-£ model explain the hide-and-seek data. When based on any of
the empirical salience measures, the salience-based level-k£ model does not fit the
data well.
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1 Introduction

Behaviour in many studies does not correspond to a Nash-equilibrium, in par-
ticular in one-shot games and early rounds of repeated games (Crawford et al.,
2013). One of the main contestant models to account for unexperienced be-
haviour is the level-k model. In fact, it is the only model that has been shown
to be able to account for behaviour in the hide-and-seek games presented in Ru-
binstein and Tversky (1993), Rubinstein et al. (1997), and Rubinstein (1999). In
the archetype version of this game, a “hider” possesses a “treasure” she can hide
in one of four boxes, labelled “A”, “B”, “A”, and “A”. A “seeker” may open one of
these boxes. If the seeker chooses the same box as the hider, the seeker gains
the treasure, otherwise the hider keeps it. The typical choice distribution from
experiments on the game differs markedly from the unique Nash prediction, uni-
form mixing by both players. The typical data set has a strong mode on “central
A” for both roles, being even more pronounced for seekers than for hiders (which



2 THE SALIENCE-ELICITATION EXPERIMENTS

leads to a substantial seeker-advantage relative to equilibrium).!

Crawford and Iriberri (2007, henceforth CI) show that a level-k model an-
chored on a salience-seeking level-0 accounts for the observed data once the
model is based on a specific salience-pattern. In this pattern, the “end As” are
the most and “central A” the least salient locations. Hargreaves Heap et al. (2014)
test the salience-based level-k model on a more general level and show that it
cannot account simultaneously for data from hide-and-seek games, coordination
games, and discoordination games if we assume that level-0 is the same for all
games played on the same action-set frame. While Hargreaves Heap et al.’s pa-
per casts doubt on the generalisability of the model, it does not address whether
the model is a plausible explanation for the hide-and-seek data. To test whether
this is the case,  measure salience in nine different ways, base CI's level-£ model
on the measured salience-patterns, and test whether any of the resulting models
allows to explain the hide-and-seek data.

2 The salience-elicitation experiments

I examine nine experimental measures of salience. The point of this exercise
is not to compare the different measures. The point is to test whether any of
the measures yields a salience pattern that, being used as level-0 in CI's level-k
model, would allow that model to account for the hide-and-seek game data.?
The first three experiments are measures of primary, secondary, and infinity-
order salience, keeping the game description out. The fourth-to-sixth measures
use the secondary-salience measure to explore the effect of introducing the game
story (and whether an asymmetry follows from different player roles). Mea-
sures seven and eight provide alternative measures of primary salience with and
without the hide-and-seek story, and measure nine is an alternative measure of
secondary salience. To be precise, I look at the following experiments:*

PickING Task. Asking people to choose one of four boxes labelled “A”, “B”,
“A”, and “A” (Bardsley et al.’s 2010 measure of primary salience), on a separate
page of a post-experimental questionnaire (containing mostly items from the
16PF personality inventory) after an unrelated experiment. As a crucial comple-
mentary measure, I record response times for this task.

IThe experimental data of Rubinstein and co-authors are reported in Appendix A.
“Hence, no care was taken to have similar numbers of observations in all experiments.
3A translated version of the instructions to each task is provided in Appendix C.
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GuEssING Task. Asking participants to estimate the relative click frequencies
from the PickiNG Task (Bardsley et al.’s 2010 measure of secondary salience).*

BEAUTY CONTEST. A beauty contest anchored in the question “which is the
most salient box, which are the second, third, and fourth most salient boxes?”
Conducted as a classroom experiment in the Experimental Methods course.’

PosT-H&S GUESSING. A GUESSING TAsK after participants had played the
hide-and-seek game but before they got any feedback.®

PosTCOORD GUESSING. A GUESSING TAsK after participants had played a co-
ordination game on the A-B-A-A frame.®

PosTD1SCOORD GUESSING. A GUESSING Task after participants had played a
discoordination game on the A-B-A-A frame.

RaTiNG Task. Asking participants to rate the salience of each of the four
boxes on an 11-point Likert scale (“extremely inconspicuous” to “extremely con-
spicuous”).

PosT-STORY RATING. A RATING Task conducted after explaining the hide-

and-seek game in a role-neutral format.’

PosT-STORY RATE-GUESSING. A GUESSING TAsk on the average PosT-STORY
RATING conducted after explaining the hide-and-seek game in a role-neutral
format.%’

None of the participants participated in more than one of the nine experi-
ments.?

3 Results of the experiments

The results of the nine salience-elicitation experiments are reported in Table 1,
together with the respective numbers of independent observations.

Observation 1. B(y) is the most salient alternative, and A4 is not more salient
than A(3). Hence, Crawford and Iriberri’s salience-seeking level-0 is mis-specified
in terms of both the most salient and the least salient location.

*If no frequency differed from the true value by more than 5% (10%/20%), participants earned
50 (25/10) Euro cents; the first of several (unknown) tasks participants faced in the experiment.

5 Amongst those stating the modal ordering, a prize of 12 Euros (USD 15.60) was raffled off.

SIncentives as in the GUESSING TASK.

"Participants did not play the game itself.

8We used z-Tree (Fischbacher, 2007), ORSEE (Greiner, 2015), and hroot (Bock et al., 2014).
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Aw)y Bpy Ap Ag

P1ckING Task (405 participants)
relative click frequencies (%) 21 38 35 6
mean response times (seconds) 8.8 7.7 85 119

GUESSING TAsk (72 participants)
average estimated relative click frequency 21 41 22 15

BeauTy CONTEST (30 participants)
mean rank in beauty contest 23 1.5 25 3.6

PosT-Hé&'S GUESSING (156 participants)
average estimated relative click frequency
...by hiders (78 obs.) 19 38 24 19
...by seekers (78 obs.) 19 40 25 17

POSTCOORD GUESSING (72 participants)
average estimated relative click frequency 19 50 18 14

POSTDISCOORD GUESSING (72 participants)
average estimated relative click frequency 20 37 24 19

RATING TASK (90 participants)
average conspicuousness reported (scale: 0 to 10) 5.7 7.5 5.6 53

PosT-STORY RATING (90 participants)
average conspicuousness reported (scale: 0to 10) 38 74 43 4.0

PosT-STORY RATE-GUESSING (84 participants)
average estimated rating (scale: 0 to 10) 39 75 33 27

Table 1: Salience assessments of the four boxes denoted by “A”, “B”, “A”, and “A”.

For the first part, look at the second data column in Table 1. Treating the
different salience measures as independent realisations of an underlying ‘true’
salience pattern and assuming that the next-salient candidate has an equal chance
of being recorded as the most salient alternative in each of the eleven measures,
we can compute the according binomial test’s p-value to be p = 1/2048. Analo-
gously, A3 is more salient than A4, with the same level of significance.

Observation 2. From the nine different salience measures, I extract three possi-
ble salience-patterns: B(z) [A(g)A(l)]A(4), B(Q)A(g) [A(l)A(4)], and B(g) [A(g)A(l)A(4)]
(locations ordered by salience, square brackets bundle equally-salient locations).

The first pattern, B9)[A(3)A1)]A), is observed in the GUESSING TAsk, PosT-
CoorD GUESSING, the BEAUTY CONTEST, POST-STORY RATE-GUESSING, and pos-
sibly the RATING Task.” The second pattern, B(s)A(s)[A1yA()], is observed in

°T subsume the PosT-STORY RATE-GUESSING pattern here because Wilcoxon matched-pairs
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4 MODEL FIT UNDER THE ELICITED SALIENCE PATTERNS

PosT-H&'S GUESSING, PosTD1sCOORD GUESSING and possibly in PosT-STORY RAT-
ING, while both the RATING Task and the PosT-STORY RATING patterns can be
interpreted as Bo)[A@) AmyAw].*°

4 Model fit under the elicited salience patterns

I use the three elicited salience patterns as level-0 of a level-k£ model (instead
of CI’s [A(l)A(4)] B(2)A(3)), and repeat CI's maximum-likelihood estimation for
the three new models on the same data they used.!! Additionally, I estimated
three ‘hybrid’ models in which level-0 follows primary salience and higher k-
levels are determined by the corresponding secondary-salience measure. Table
2 presents the results. The hybrid model building on the Picking-Task data co-
incides with Lk-B o) [A(g)A(l)} A(4) in Table 2, while the model building on the
RAaTING Task performs insubstantially worse than the reported model Lk-aYB-
B [A(g)A(l)A(4)] .12 To respond to the objection that salience may be influenced
by culture but that the salience measures were obtained in a different country
than the hide-and-seek data, I also include the model estimates for the hide-and-
seek data from Heinrich and Wolff (2012).13

Observation 3. The measured-salience-based estimates for CI'’s model do not
fit the data, and outperfrom the mixed-strategy Nash prediction only unsubstan-
tially.

Observation 3 can be verified by a look at the mean squared errors in the
right-most column in Table 2, comparing the specification Lk-B5 s [A(g)A(l)} Ay
to specification Lk- [A(l)A(4)] B(2)A(3) and to that of the mixed-strategy equilib-
rium. The result is even stronger for RTH’s data, in the central column of Table 2.

signed-ranks test clearly point to a difference between A3y and A4 (p = 0.003) but less clearly
to one between A (1) and A3y (p = 0.097).

'One might argue that the PICKING Task yields [B(2)A(3)]A(1)A(4), but the response times
clearly indicate that B(3) and A3 are salient to different degrees. None of the conclusions in this
paper would change if we included [B 2y A(3)] A1) A4y or BayA)A(3)A(a) (from PosT-STORY
RATE-GUESSING) in the list of salience patterns.

"The only (merely technical) difference is that I found the maximum-likelihood estimates by
performing a complete grid search over all possible type-distributions (at the percent level) rather
than using an algorithm.

121 thank an anonymous referee for suggesting the ‘hybrid’ models.

3For comparability, I include only the data obtained under the original instructions. Compared
to the data CI use, this data has the additional advantage that it was obtained exclusively in the
ABAA-frame, so that no further assumptions are needed of how to translate salience patterns
from other settings, such as from the 1234-frame.
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RTH’s data HW’s data
Specification logL MSE logL MSE
Perfect fit -15621 0.00000 -452  0.00000
Lk-[A1)A() | B2)Ags) -15641 0.00027% -456  0.00109
Lk-B(2) [A3)A1)] A(a) -1616 0.00683 -476  0.01192
Lk-B2yA(3) [A(1) A ] -1635 0.00854 -485  0.01514
Lk-B(2) [A<3>A(1)A(4)]i -1629 0.00830 -480  0.01259
Lk-uyB-B(2) [A(3)A(1) A ] t -1635 0.00903 -482  0.01349
Mixed-strategy equilibrium -16411 0.009671 484 0.01436

T indicates the estimate is taken from CI's paper. * The better-performing specification from
RATING Task and PosT-STORY RATING.

Table 2: Log-likelihoods and mean squared errors of the maximum-likelihood es-
timates of the indicated models. “RTH” refers to Rubinstein, Tversky, and Heller’s
collected studies, whose data is reproduced in Table 3 of Crawford and Iriberri
(2007). “HW” refers to Heinrich and Wolff (2012). The data from both studies is
provided in Appendix A.

Contrary to what we should expect, none of the estimated level-k distributions
is hump-shaped.'*

5 Discussion

The results presented here pose another serious challenge to the salience-based
level-k model. This is despite the fact that I have been rather lenient with the the-
ory, by allowing also higher-order salience to be a level-0 candidate. Nonetheless,
even under these forgiving conditions, the salience-based level-k model cannot
account even for the hide-and-seek game data it was constructed for. Unfortu-
nately, this means we are left without an explanation for the data other than Ru-
binstein et al.’s (1997)—unsatisfactory—account of participants choosing “a naive
strategy (avoiding the endpoints), that is not guided by valid strategic reasoning.”
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APPENDIX A HIDE-AND-SEEK DATA

Appendix A Hide-and-seek data

TABLE | —AGGREGATE CHOICE FREQUENCIES IN RTH'S TREATMENTS

RTH-4 A B A A
Hider (53; p = 0.0026) 9 percent 36 percent 40 percent 15 percent
Seeker (62: p = 0.0003) 13 percent 31 percent 45 percent 11 percent
RT-AABA-Treasure A A B A
Hider (189; p = 0.0096) 22 percent 35 percent 19 percent 25 percent
Seeker (85; p = 9E-07) 13 percent 51 percent 21 percent 15 percent
RT-AABA—Mine A A B A
Hider (132; p = 0.0012) 24 percent 39 percent 18 percent 18 percent
Seeker (73: p = 0.0523) 29 percent 36 percent 14 percent 22 percent
RT-1234—Treasure 1 2 3 4
Hider (187; p = 0.0036) 25 percent 22 percent 36 percent 18 percent
Secker (84; p = 3E-035) 20 percent 18 percent 48 percent 14 percent
RT-1234—Mine 1 2 3 4
Hider (133; p = 6E-06) 18 percent 20 percent 44 percent 17 percent
Seeker (72; p = 0.149) 19 percent 25 percent 36 percent 19 percent
R-ABAA A B A A
Hider (50; p = 0.0186) 16 percent 18 percent 44 percent 22 percent
Seeker (64: p = 9E-07) 16 percent 19 percent 54 percent 11 percent
Notes: Sample sizes and p-values for significant differences from equilibrium in parentheses: salient labels in italics: order

of presentation of locations to subjects as shown.

Table A.1: Table 1 from Crawford and Iriberri (2007).

Heinrich and Wolff (2012) A B A A
Hider (208) 15 percent 29 percent 30 percent 25 percent
Seeker (141) 9 percent 22 percent 51 percent 18 percent

Table A.2: Hide-and-Seek game data from Heinrich and Wolff (2012)

Appendix B Level-£ distributions of the maximum-
likelihood estimates

RTH’s data HW’s data
Specification Lo L1 L2 L3 L4 Lo L1 L2 L3 L4
Lk-[A1)A(a) | B2)As) 0.00f 019t 032f 0247 o0.25f 0.00f 012 037 029 022
Lk-B(ay [A3) A1) ] A 038 0.4 000 048  0.00 059 014 008 019 0.0
Lk-B(2)A@3) [A(1) A 0.09 028 001 062  0.00 070 007 0.00 023 0.0
Lk-B(ay [A@z) Ay Aw)] 056 000 044 000 0.0 0.61 000 033 006 0.0
Lk-uYB-B(o) [A3)A(1)Agy] 000 021 000 079  0.00 0.01 023 000 069 0.07

T indicates the estimate is taken from CI’s paper. * As CI do not rely on any specific LO-pattern, it is not clear to
me how to endogenise 7o without including yet another two parameters (p and q in their paper). As I am reluctant
to do so, I maintain 79 = O for their preferred model.

Table B.3: Level-£ distributions of the model estimates in Table 2.



APPENDIX C TRANSLATED INSTRUCTIONS

Appendix C Translated instructions

A PickiING TAsSK

Please choose one of the following four boxes and click on it!
OA OB OA OA

B GUESSING Task [PosT-H&S GUESSING]

[Before this experiment, w]e have asked 405 students at the University of Kon-
stanz in a questionnaire to choose one out of four boxes that were [also] marked
as follows: A, B, A, A. [The 405 students did not know anything about you or
about the game that you just played.]

It is now your task to estimate as exactly as possible, what percentage of the
students has chosen the respective boxes.

The closer your estimate is to the data we gathered, the more you can earn
in this part of the experiment.

Details: in case your estimate does not deviate for any of the boxes by more
than 5% from the true value, you receive 10 points; if the estimate deviates for
at least one box by more than 5%, but for none by more than 10%, you receive 5
points; if the estimate deviates for at least one box by more than 10%, but for none

by more than 20%, you receive 2 points, and otherwise you receive no points at
all.”®

Please enter here your estimate with respect to the relative frequencies of how
often the four boxes were ticked in the questionnaire (to do so, click on the dia-
gramme at the respective spots):

As a reminder, the question was: “please choose one of the following four boxes
and click on it!”

Bitte geben Sie hier lhre Schatzung
beziiglich der relativen Haufigkeiten
an, wie oft die vier Kasten im
Fragebogen angekreuzt wurden
(klicken Sie dazu an den jeweiligen
Stellen ins Diagramm):

Zur Erinnerung: die Frage lautete
"Bitte suchen Sie sich einen der
folgenden vier Kasten aus und klicken
diesen an!"

0% 0% 0% 0%

1510 points were equal to 0.50 Euros.

10



APPENDIX C TRANSLATED INSTRUCTIONS

C BeAutYy CONTEST

Another beauty contest: [this classroom experiment was conducted right after
discussing the p—beauty contest and level-k theory]

A B A A

The question: which is the most salient box, which are the second, third, and
fourth most salient boxes?
Among those stating the modal ordering, a prize of 12 Euros will be raffled off.
Use Ay, By, Az, and Ay to indicate the options.

D RATING TASK [POST-STORY RATING]

[PosT-STORY RATING: Consider the following game for two players:

One player owns a prize that he can hide in one of four aligned boxes. The
boxes are marked as follows: A, B, A, A. The other player can search for the prize
by opening one (and only one) of the four boxes, to take possession of the prize.]

In the following, we would like to know from you how optically salient/conspicuous
you find the [PosT-STORY RATING: respective] four boxes [RATING Task: de-
picted below].

.....................................

11



APPENDIX C TRANSLATED INSTRUCTIONS

E PosT-STORY RATE-GUESSING

Part 1, phase 1: Consider the following game for two players: One player owns
a prize that he can hide in one of four aligned boxes. The boxes are marked as
follows: A, B, A, A. The other player can search for the prize by opening one
(and only one) of the four boxes, to take possession of the prize.

In a previous experiment, we told 90 students about this game and asked
them how optically salient/conspicuous they found each of the boxes depicted
below, between 0 for “extremely inconspicuous” and 100 for “extremely con-
spicuous”. Your task now is to estimate as precisely as possible, how optically
salient/conspicuous the 90 students found the respective boxes on average. The
more precise your estimate equals the data we elicited, the more you can earn in
this phase.

[Button:] Show details
[If pressed:] Details: in case your estimate does not deviate for any of the boxes
by more than 0.5 from the true average, you receive 10 points; if the estimate
deviates for at least one box by more than 0.5, but for none by more than 1.0, you
receive 5 points; if the estimate deviates for at least one box by more than 1.0,
but for none by more than 2.0, you receive 2 points, and otherwise you receive
no points at all.

[If pressed, button:] Hide details

Please enter here your estimate on how optically salient/conspicuous the

boxes were held to be (to do so, click on the diagramme at the respective spots):

As a reminder: the scale went from 0 for “extremely inconspicuous” to 10 for
“extremely conspicuous”.

Teil 1von 2

TeII 1, Abschnitt 1. Betrachten Sie folgendes Spiel fir zwei Spieler: Ein Spieler besitzt einen Preis, den er in einem
il 1 Kasten kann. Der andere Spieler darf den Preis suchen, indem er einen (und nur
emen) der Kasten &ffnet, um den Preis in seinen Besitz zu bringen.

Wir haben in einem friiheren Experiment 90 Studenten von diesem Spiel erzahlt und sie gefragt, fir wie optisch

sie die unten Kasten jeweils hielten, von 0 fur "extrem unauffallig” bis 10 fur
"extrem hervorstechend". Ihre Aufgabe in diesem Abschnitt ist es nun, méglichst genau zu schatzen, fir wie optisch
die 90 die j il Kasten im D gehalten haben. Je genauer lhre

Schatzung mit den von uns erhobenen Daten Ubereinstimmt, desto mehr kénnen Sie in diesem Abschnitt verdienen.

Details: weicht Ihre Schatzung bei keinem der Kasten um mehr als 0.5 vom wahren Durchschnittswert ab, erhalten Sie 10 Punkte; weicht die Schatzung bei
mindestens einem Kasten um mehr als 0.5 ab, aber bei keinem um mehr als 1, so erhalten Sie 5 Punkte; weicht die Schatzung bei mindestens einem Kasten um
mehrals 1 ab, aber bei keinem um mehr als 2, so erhalten Sie 2 Punkte und sonst erhalten Sie keine Punkte.

IDetails ausblenden|

LAJB ] A [A]

Bitte geben Sie hier lhre Schatzung an, fur
wie aufalighervorstechend die vier
Kasten im Durchschit gehalten wurden
(Klicken Sie dazu an den jeweiligen Stellen 10y
ins Diagramm)

Zur Erinnerung: die Skala ging von 0 far
"extrem unauffalig bis 10 fir "extrem
henvorstechend”

llch benotige Hilfe/nabe eine Frage|

12
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