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On the Role of Heuristics
— Experimental Evidence on Inflation Dynamics

Johann Graf Lambsdorff
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Abstract

We carry out an experiment on a macroeconomic [m&teng game
where prices are complements. Despite relevantrrdbon being
common knowledge and price flexibility we observigngicant

deviation from equilibrium prices and history degence. In a first
treatment we observe that equilibrium values wergioed in the
long run but at the cost of a very slow adjustmamd thus history
dependence. By reporting a business indicator isingler form,

subjects were given the chance to coordinate tireies by help of a
heuristic in a second treatment. This option waslelyi taken,
bringing about excess volatility and a deviatioonirequilibrium even
in the long run. In a third treatment with stagglepeicing we observe,
contrary to theoretical predictions, the one-rouattead (publicly
known) shock is significant, but future inflatios not. Our findings
cast light on price dynamics when subjects havéduincomputational
capacities.
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1 Introduction

What drives inflation dynamics? Are subjects cortgllerational or is there some mental
inertia? Would cognitive limitations hinder ratiditya and may this bring about inflation
persistence? We carry out an experiment where ace flexible and information common
knowledge. Information arrives undisturbed by othmeces of information that might
otherwise absorb attention. The experiment is defitly simple such that not only the
mathematically sophisticated will be capable ofliing equilibrium prices. Although standard
economic reasons for inflation persistence haven ltkdeted we nonetheless observe that
errors persist and carry over from one round tdteroPrices are partly inherited.

In addition to player’s abstention from optimizitghavior our results are novel in four
respects. First, we observe that players prefeoltow a heuristic where this is offered.
Without a heuristic the adjustment is particulaslgw, errors persist longer and history is
more important in shaping current prices. When wikc can be followed, this serves as a
focal point to coordinate prices and is chosenoalgh it generates excess short-run variation
across time. Second, the heuristic has the poweivest prices away from their equilibrium
value even in the long run. Third, contrary to Akeret al. (2000) we observe that the
heuristic does not bias prices towards the statos [gourth, the heuristic diverts players away
from recognizing future inflation as a determingortcurrent prices.

Our findings are important in various ways. Thelwl reconciling theoretical predictions
with empirical findings. Models with sticky pricggedict that expected future inflation is
important in determining current levels of inflatioln contrast to this, empirically the most
important drivers for current levels of inflatiomeapast levels of inflation. Our experiment
may contribute to explaining this finding. A vasiedf policy conclusions is at hand, which
will be discussed in the concluding section.

2 Previous Theoretical Research

How monetary policy may bring about not only nonhibat also real effects is one of the
most widely debated issues in economics. It hasrhecstandard to assume that anticipated
policy shifts affect prices only without impactiogtput, (Lucas 1996). Real effects arise only
temporarily in case of unanticipated shocks, wheinepadjustments remain incomplete.
Research has then focused on identifying reasarsufth a short-run incompleteness of price
adjustments. Early writers have tried to trace tbiadaptive forecasting rules where history
shapes at least some of the prices in an econoalywidnger and Waldman (1985) make the
point that only few adaptive players would be neetteproduce substantial frictions in the
adjustment of prices. But overall, assumptions ngigg adaptive expectations, resting on the
failure of economic agents to draw rational infeefrom publicly known data, did not find
widespread support. The standard approach has tmedook for objective factors for
incomplete price adjustments, rather than limitsatamnality.

One avenue has been provided by sticky-price mpaéiere price adjustments are either
costly or temporarily impeded. Even if only a snfediction of agents faces such restrictions,
the aggregate impact could be large. This is dymites being strategic complements, (Ball
and Romer 1990). Even those who are able to attjastprice will do so only cautiously, as
they observe others whose price remains fixedkppcice models have thus been regarded a
key to understand inflation dynamics. Taylor (19p)posed a model with staggered pricing
where price setters alternate in their capacitadjust prices. Calvo (1983) suggested that




agents are randomly allowed to adjust prices, thisacity arriving subject to a Poisson-
process. These approaches have been observedlyataipcurrent levels of inflation depend
on expectations of future inflation. Agents who ealjust prices today will form expectations
about future inflation. They seek to optimize theiice level not only with respect to the
current but also to subsequent rounds when theyrgreded from adjusting their price. The
resulting equation for inflation dynamics is knows the New Keynesian Phillips Curve,
NKPC, (Clarida, Gali and Gertler 1999; Woodford 20Romer 2006: 309). A standard
version isz; = BEg+1 + vY:, With 7 being inflation in period t, .1 being expected inflation
formed in period t with respect to period t+1, gritie output gap.

From a theoretical perspective the NKPC producedesanease. Romer (2006: 332) notes
that in response to a boom (the output gdyeing positive), expected future inflationgk,
must be smaller than current inflatiom, This runs counter to intuition as a boom is
commonly linked to fears of increasing inflationsé empirically the evidence on the NKPC
is rather mixed. While future levels of inflatiomeacommonly found to be significant, also
past levels of inflation obtain a noteworthy impagfuhrer 2006; Alvarez et al. 2006).
Backward looking behavior, not only forward lookingtimization, can be observed in most
data. This deficiency has been addressed by soewetical models, alas as criticized by
Angeloni et al. (2006) in a rather ad hoc fashiBy:ithe inclusion of automatic indexation for
some fraction of the prices (Christiano, Eichenbaand Evans 2005) or by adding some
backward looking players to the population (Gakl &ertler 1999). These models involved
some limits on rationality in order to ameliorateary with evidence.

Another approach to explain inflation persisterests on the idea of sticky information. Such
approaches go back to Phelps (1970) and Lucas Y1®é&hkiw and Reis (2002) introduce
sluggish information transition in a model of moonbgtic competition. They allow price
setters to adjust prices at any time, but a Poigsoness determines the arrival of new
information. Information about shocks thus does rmcome common knowledge
immediately. Some firms continue to set prices Base outdated information. Past
expectations of current economic conditions becogtevant to current behavior and account
for the sluggishness of adjustments.cktawiak and Wiederholt (2009) go one step further
and argue that price setters face a trade-off @tvpaying attention to aggregate conditions
and paying attention to idiosyncratic condition$ey regard these cognitive constraints,
rather than information being unavailable, as bdietter capable of explaining inflation
dynamics. Nominal aggregate shocks thus exertinlaence because firms are cognitively
occupied with firm-specific information. Only whexggregate shocks are sufficiently large
would they be able to attract aggregate attentrmhexert a more substantial impact. Sticky
information in their view is the result of rationahttention.

This idea can already be traced back to the worRksrlof et al. (2000). The authors argue
that agents will depart from optimizing behaviordanse simplified abstractions instead.
Referring to the work of psychologists, they ardgbat decisions are based on heuristics
instead, which remain in use as long as the reguitiistakes are not too severe. The authors
assume a tendency to ignore signals that imply lewels of inflation. Players confronted
with such signals will disregard them and thus failadjust their prices accordingly. The
heuristic would thus be to keep prices constanesmiinformation goes beyond a certain
threshold.

Our study reveals some similarity. We observe thaiers use past levels of prices to
function as a starting point for setting currentgs. But we posit that it is not inattention that




drives agents and it is not price stability thaem@pes as a heuristic. Players are instead
observed to make use of a signal that, in our stgelyerates excess variation of prices across
time and drives prices away from their equilibrid@vel even in the long run. Lack of a
heuristic, to the contrary, does not motivate piay® more thoroughly optimize and thus
approach the equilibrium quicker. We rather obsesmeeven more sluggish adjustment
towards equilibrium where a heuristic is not oftére

3 Previous Experimental Evidence

Laboratory macroeconomic experiments have gainethipence lately, as evidenced in the
comprehensive survey by Duffy (2008). Simon (19%&s among the first to posit that

rationality imposes strong informational and conapiohal requirements upon individual

behavior, suggesting that simple rules of thumb rhayused instead. The importance of
heuristics and how they bring about deviations frationality were proven by Tversky and

Kahneman (1974) and Kahneman (2003). There exisishaliterature that applies these

insights to asset markets. There are few investigst however, on the link between

heuristics and the pricing of commodities. Such icadities differ from assets because they
are produced and consumed in the same period,att@eyot stored and thus varying prices
exert no direct impact on the wealth.

Most experiments on commodity pricing operate wiimited information. They link
individual prices or price forecast with that ohet players to determine individual payoffs
by help of a pricing function. But this pricing fciion is not common knowledge, subjects
know little about it. They are only given feedbagkh respect to past prices, forecast and
realizations. Two variants of such experiments lwarfiound. In the first variant there exists a
positive relationship between price forecasts. Isiagle expectation on prices rises, the
aggregate market price rises as well, giving redasasthers to adjust their forecast upward.
Price forecasts are thus strategic complements. dpposite is the case for negative
expectations feedback and, thus, prices being itulest The main challenge in these
experiments is to learn to forecast correctly. Ehegperiments have thus been labeled
Learning to Forecast Experiments (LtFES), (Homn@&kl2. At the core of these experiments
lies the question of whether equilibria can be apphed by help of adaptive learning. Are
rational expectations equilibria learnable?

One such experiment, Hommes et al. (2007), invatstsy price forecasting in a simple
Cobweb-model. Six subjects operate for 50 rounds ame asked to forecast the current
round’s price level from the interval [0, 10]. Tleeforecasts are used to determine the
quantity jointly supplied by the six subjects arftk trealized price that is required to
equilibrate demand with this level of supply. Prdoeecasts are substitutes in this setting: If a
subject forecasts an excessively high price shebeist supply, which lowers the realized
price. A rational reaction by other subjects wobdto reduce their forecast. Hommes et al.
(2007) confront players with a stationary shock thgacts demand. Individual payoffs are
linearly decreasing with the quadratic differencetween their price forecast and its
realization. Three different treatments are ingeded where naive expectations imply price
variation to be strongly unstable, unstable orlstabhe authors do not find autocorrelation in
any of the treatments, which leads the authorgdoeathat naive expectations that might be
exploited by others were not obtained. But variam@s lower in the stable treatment,
suggesting that expectations were not completdlgral. As pointed out by Duffy (2008),
this may also be related to the limited informatswbjects had regarding how the model
generated the data. Since the type of feedbackeismain informational content in these




experiments with limited information, Heemeijer @t (2009) test the different speed in
convergence to equilibrium in experiments with siibes and complements. They employ
pricing functions which are similar to the one u$éede and the one by Sutan and Willinger
(2009), where prices are determined by a functioih@® average guesses. In Heemeijer et al.
(2009) prices exhibit some perturbance by whites@@hocks. Again the pricing function is
not common knowledge. Heemeijer et al. (2009) shbat convergence is faster with
substitutes than with complements.

Another branch of experimental research, which aotier limited information as well, deals
with inflation forecasting in complex New Keynesiddynamic Stochastic General
Equilibrium Models. These approaches reveal soméasity to price forecasting games as
they build on a similar mechanism, but this timeusse forecasts being complements. The
most prominent example is Adam (2007). He teststhdresubjects can correctly predict
levels of inflation that are given by a New Keyrmesimodel and includes a NKPC. Five
subjects were grouped together and supposed ticprefiation with payoffs increasing in
the accuracy of their prediction. Past levels dfatron and output were reported to them.
Their predictions were taken as an input to the ehad determine the respective realized
level of inflation. While subjects did not know tiieomplex) model, they might have been
assumed to learn its dynamics after some repetitibns being able to form rational
expectations. As noted by Duffy (2008), players supposed to behave somewhat like
econometricians, using possibly misspecified fosgng rules which they update in real-time
as new observations become available. But play@refachieving rational outcomes. Adam
(2007) observes a deviation from rational expeatasti which contributes to the persistence of
output and inflation.

A similar focus on the New Keynesian Phillips Cupan be found in the studies by Pfafjar
and Zakelj (2009) and Assenza et al. (2011), emdxbddto a complex model whose
quantitative specification is not revealed not saty. Assenza et al. (2011) employ subjects
as professional forecasters whose must guess theotmd ahead level of inflation that can
be derived from a three-equation New Keynesian modeutput, inflation and the interest
rate, embracing a demand function, a monetary ypolite and the NKPC. They find that
subjects employ simple forecasting heuristics fetednining future inflation. Pfafjar and
Zakelj (2009) put their focus of different monetaquglicy settings to find out how inflation
targeting, inflation forecast targeting or a Taytole impact forecasting and thus the stability
of inflation.

Other experiments provide players with completenmiation. Fehr and Tyran (2001) gather
experimental evidence on money illusion. They &shrtparticipants to pick prices in a range
from 1 to 30, where prices are complements. A ma#tishown to players and denotes
nominal payoffs dependent on their own price and the @eenarice chosen by 3 other
players. Players are asked to divide these payyffhe total average price to determine the
actual (real) payoffs. The existence of such a imainplies that the players have full
information on the pricing function. Still, the gentation in form of a matrix without a given
functional form complicates the reasoning procEsikes are set again as complements. The
game has a unique, dominance-solvable equilibriafter players had time to learn the
equilibrium, which happened quite fast, they weonfronted with a shock. The money
supply shrank and a matrix with new payoffs wasvdedd to the players. About 20% of the
players chose prices above the equilibrium, insigffitly adjusting their price. Even in
subsequent rounds prices remained slightly too.higins implies a short-run non-neutrality
of money. Interestingly, the effect is almost altbsghen agents played against computers or




when the matrix denoted real rather than nomingbfis. In Fehr and Tyran (2008) the

authors observe that adjustment is instantaneouen vgnices are substitutes rather than
complements. This particularity is also found bytauand Willinger (2009) in a one-shot

price guessing game also known as beauty contgsinAinder full information subjects are

closer to equilibrium in a complementary environmen

Laboratory beauty contests are closely relatedritong models and have been employed to
investigate the cognition of reasoning processegeN(1995) and Stahl and Wilson (1995)
report the results from such a laboratory guesgarge. In this experiment subjects are asked
to pick a number between 0 and 100. The player &/nosnber is closest fo(0<p<1) times
the average of all numbers chosen wins a fixecepsizile all other players earn nothing. The
iterated elimination of (weakly) dominated stragsgiimplies that only O survives as the
equilibrium number. However, subjects substantialgviate from this equilibrium point.
Average numbers are usually between 20 and 3#@/3 and distributions of number
choices show prominent spikes at 33 and 22. Inrdadexplain these findings, both studies
propose some boundedly rational refinements to grexess of iterated application of
dominance: First, “level-0” players are definedremdomly select numbers between 0 and
100, the average value being 50. This value thareseas a focal point for more sophisticated
players. “Level-1" players best respond to “levél@ayers, thus choosing 33. “Level-k”
players best respond to the assumption that aéiretare “level-(k-1)" players. With these
adjustments, participants are found to obey tweéhtee steps of iterated dominance rather
than an infinite number (Nagel 1995; Ho, Camerel \Afeigelt 1998).

When being played repeatedly, in higher roundsel®’ players stop picking randomly, but
utilize the previous round’s average number instd&ds implies that repeated play generates
convergence towards equilibrium. But this conveogecan be particularly slow and strongly
dependent on how the game is framed, (Ho, CamerdrVdeigelt 1998: 950; Duffy and
Nagel 1997: 1699).

We believe that subjects are limited in their céyam set equilibrium prices, and thereby
inflation, either because they have limited compoitel skills or because they do not belief
that other subjects can calculate equilibrium ricRather than sticky prices or sticky
information we would have another reason for a dapa from equilibrium. We call this
sticky reasoning. For our experiment we prefer nedéth complete information. Departure
from equilibrium in LtFEs may arise when the truedel has not yet been detected and an
efficient rule for forecasting prices has not yeeb found. Information that allows detection
of the true model arrives “sticky” across time. dnder to isolate the effects of sticky
reasoning from this adaptive learning process wadmn a design with full information.

Our experiment is close to those by Fehr and Tyemd almost as simple as the above
mentioned guessing games. But we let subjectsrgetspfor many rounds and confront them
with non-stationary shocks. To the best of our kieolge, while non-stationary data are
standard to macroeconometrics they represent dtpomeexperimental macroeconomics. A

non-stationary shock is cognitively demanding tbjscts and allows us to observe how it
impacts on the preference for simple rules ratpénozation.

! While Fehr and Tyran (2001, 2008) employ a complaxoff matrix, we provide subjects with the prigin
function in order to facilitate the reasoning prexe




We did not want to assume our subjects to takedleeof econometricians, which might not
match their layman experience and thus impair tktereal validity of the findings. We
preferred to set up a model with heterogeneousgriehere players assume the role of
producers that set prices for their products, dng tdetermine levels of inflation for their
individual product, rather than estimating how hegeneous forecasts may translate into a
(future) homogeneous market price. This differemees more important for the framing of
the subjects’ task and had a minor impact on tipeemental design.

Our preference for a price-setting rather thanradasting experiment was motivated by a
more fundamental concern. The NKPC assumes suligefdsecast future prices. But would
boundedly rational subjects choose this functidioain? The current LtFEs take this for
granted and employ subjects only for investigating quantitative characteristics of their
play. But would subjects by themselves opt to applforward looking behavior? Is the
theoretical assumption that sticky prices indugedasting supported by evidence? Or would
we observe subjects to abstain from forecastingoaefér to follow other types of heuristics?

4  Experimental Design

Sticky reasoning comes along with a series of atajes for pricing behavior in the
laboratory. First, players will base their pricesdeon rational calculation but on history.
Failure to iteratively delete all (weakly) domindtstrategies results in price adjustments
being incomplete, just as numbers in guessing gaameshistory will remain important. This
is likely to be particularly the case when playars confronted with (non-stationary) news.
Second, simple usage of current information maylymgxcess or moderated volatility.
Limited steps of reasoning imply a failure to aeeieequilibrium levels of volatility. Third,
when offering a simple but costly pricing rule weect the majority of the players to prefer
this heuristic as coordination device rather thsingipast prices. Fourth, we do not belief that
there is a sufficient amount of higher-level play&y validate the NKPC. Instead, we expect
future levels of inflation to be irrelevant for aat price setting behavior.

In order to test our hypothesis we designed thesrments. With respect to the robustness of
the results, each experimental design had tolfth# following conditions:

1. Prices should be complements, which is standardh&erogeneous markets with
Bertrand competition and appears to be adequaten&mroeconomic environments,
where prices across the supply chain positivelyaichgach other.

2. Issues of fairness or cooperation should not owelsv the subject’s calculus. While
such issues loom large in reality and have beemlwitesearched in their impact on
pricing behaviof, we want to identify the reasons why subjects meyadt from an
individual optimum that they want to achieve. Oocds is thus on non-standard
expectations such as limited reasoning rather tlomastandard preferences.

3. The game should exhibit an unique pure-strategyhasiilibrium. The reason is that
price levels should not vary by players switchingtvieen different expected
equilibria.

2 Potters and Suetens (2009), for example, find tbaperation is easier when actions are strategigpaments, as is
commonly assumed for prices in Bertrand games. Catiperis less pronounced when actions are stratagistitutes,
which is the standard assumption for quantity cditipe in Cournot games.




In each treatment, subjects play 30 roundsa pricing game in groups of six players. Each
player is confronted with the task of determinimgiadividual price, which is affected by a
business indicatdsl. The payoff functiorf1 in each round for subjeci is defined as:

M :10_|pit - ﬁt| , With ﬁt =4/5|:qpmt+5)+ Blt/lo and p,, ::I/GEiﬁzlpn (1)

Each playeri, is assigned the role of a producer who must oeiber a price leveb; ranging
between 0 and 100 for his product in rounBach player receives 10 Taler as an endowment
for each round. The endowment is reduced by theuammby which the chosen priqs,
differs from its target valuep, . We denote the average price chosen by all siyep$

(including playern) by p,,. The intuitive motivation for this interaction she is explained

to result from other players’ products entering pheduction as an intermediary good. Also a
raw material must additionally be bought for 5 Talgistifying the respective value in
brackets. The last term captures the impact obtistness indicatdsl on the payoff function.
High values oBl indicate a high target value for prices; low valsgynal a low target value.
As a treatment variable we will change the annoonase ofBI, which is discussed later.

What kind of equilibrium play is unraveled by itezd elimination of (weakly) dominated
strategies in our pricing game? Suppose, at a éssimdicator oBIi=100 playern assumes
all other players in his group to set prices inaywhat p,, = 100 By setting a price equal to

the other players’ prices playérwould earn I, :10—|100—4/5[&100+5)—100/1q or

M, :10—|100—94|:4TaIer. This leaves room for improvement. Rathenthaking for a

price of 100 Taler, playershould set out to maximize his payoffeat=94 yielding a payoff
of 10 Taler. However, assuming that all other ptayalso behave in such a manner the

average pricep,, will decrease to 94. Now, eliminating weakly doated strategies will

result in settingp; =89.2 Taler. Again, all players will adjust thegirices so that the new
optimal price will fall to 85.4 Taler. Similar tthé beauty contest, the race to the bottom only
ends once there is no incentive to deviate fronramee prices for any player. Assuming a
business indicator oBI=100 yields a dominance solvable unique Nash dmiuin at p;

=p,, = 70 (assumption 3). More generally, the equilibri pricep, must satisfy
p, = 4/5[ﬁpf +5)+ BI, /10, which implies p; = 20+ BI, /2. Rational play results in setting

a price equal to 0.5 times the business indicatas 20. Past levels of inflation are
insignificant.

Figure 1 depicts playéts best response functidgiven various levels of other players’ prices
for BI=100. In this example, players will also observat ttiheir own price increases in the
mean price (which, as an aside, is dependent ondia choice of the price). This reveals
that prices are complements, as required by assompt Players may reach this conclusion
more easily by assuming that the mean price is examgs and observing that it positively
impacts their own optimum price, an assumption ighabt excessively wrong.

® The response function is given iy, =10/13p_, + (120+ BBIt)/26, where p_; denotes the price set by
all players other than player
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Figure 1: Reaction Function for Optimal Prices withBl;=100

What about the second assumption? May issues roiefs be salient among players? With
BI=100 player 1 may, for example, fear that all athelnoose a price that is too low, say
P2i=...=pe=45. If he also choosgs =45, costs would amount to 5. He observes thab\is
optimal price would bgy=50. By picking this price the mean price increases, =46,

imposing an additional cost of 1 onto his colleayuday the player abstain from setting
pi=50 due to a concern for equity or fairness?

This is unlikely due to two reasons. First, concEmnothers has often been found among
pairs of players but less so in a group of peopleere competitive pressure may be strong
(e.g. Roth et al. 1991). Additionally, the playeowid have to bear costs of 5 in exchange for
increasing the payoff of the other five playerslbyf we assume a player to care more about
own than about other payoffs, fairness is unlikelynfluence behavioral patterns. See Ho,
Camerer and Weigelt (1998: 949) for similar assuomgtrelated to guessing games.

Definitely, price setting in reality is more diffit than in this experiment as we abstained
from e.g. designing heterogeneous competitors ocomplete information. However, we
believe that the experimental design, and in padicthe payoff function, are sufficiently
simple so as to let subjects understand how their payoff is determined dependent on their
own play, that of others and exogenous variablestebler, all subjects are informed that
others in the group face an identical pricing fioct suggesting that subjects may also
understand other player’s calculus. Moreover, payof each round do not depend on those
in other rounds, disconnecting rational play frarter-temporal considerations. Nonetheless,
we expect subjects to deviate from equilibrium @sibecause of sticky reasoning. Subjects
are expected to fail in determining equilibriumagas or to expect such a failure from others.

5 Treatments

Our Bl is given by a non-stationary data series. To beenmoecise, the data generating
process was a random walk of the typlg= 50 and BI, = Bl,_+7,, with 17, being drawn
from integers [-15;15]. We generated different i@rs of this time series and chose the one
where all values forBl; were between O and 100 and where an ADF-test,
ABI, =y, +y,BIl,_—y,ABl, +v,, produced insignificant coefficienty,and y, close to




zero. This made sure that the process did notabgiam selection, turn out to be stationary or
characterized by serial correlation. While soma& mgorld business indicators tend to be
stationary, others such as stock price indicatogsnan-stationary. We preferred the latter so
as to confront players with some news while playting game. While the dynamics of the
business indicator was thus more demanding, plesferald understand that the dynamics of
the first two treatments is simple: each roundayg@d independently with no dynamics, apart
from cognitive ones, by which the play in one roumaly impact the other.

In the first two treatments we vary the way theibess indicator is announced. In a first
treatment, the business indicat®, is reported to subjects a8l, = BI, /5, thus ranging

between 0 and 20 and reported with one digit ofcipren In order to yield the same
equilibrium in both treatments the target prigein equation (1) was given in the instructions
as p, :4/5[Qpmt +5)+ﬂt/2. This business indicator does not offer a simpkthmd for
coordinating prices. Its range and level of precigiiffer from those for prices. As shown in
figure 2, Bl also differs in value considerably from equilibriuprices. This implies that

subjects find little reason to empld4 , for example,for a simple one-to-one heuristic.
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Figure 2: Business Indicator and equilibrium price
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In a second treatment the business indicator wasuated differently. Subjects were given
the pricing function in equation (1) and the valoéshe business indicator &l: = BI,. As
shown in figure 2Bl tends to be close to the equilibrium price. It alsoeges between 0 and

100 and is reported in whole numbers. It thus rsvaanilarities to the range and precision of
prices that subjects must set. For these reasansbiiiness indicator may serve as a




coordinating device, a heuristic where prices agaéed with the business indicatpr,:at.
Our second treatment tests how such a heuristiadtaprices.

Observe that the differences in the two treatmémislve a mathematically meaningless
transformation without an impact on the equilibrigmice p,. The values of the business

indicator Bl may be chosen as heuristic for level-0 play. Bgtti=Bl: is a simple rule that
is not too wrong. Such a rule may be attractive tieo reasons. First, players may be
confronted with computational limitations and a gienrule allows them to economize on
their cognitive efforts. Second, they may thinkttbtner players are confronted with limited
computational capacities and take the heuristia s&rting point for their own computation.
This kind of anchor facilitates the reasoning pssce

If Bl.=60, for example, theBl -heuristic applied by all playergi= p2= ps3= pPa= Ps=

pe=60, implies costs of 2. Assuming all other play&rsset prices in line with thdl -
heuristic, a more sophisticated player will absfaio choosing the equilibrium price of 50.
Observing that other players stick to the heuristie will prefer only a moderate decrease in
her price by 2. Such a player would believe thatistthe only one to decrease her price while
others hold their prices constant (level-O playef$)e may also believe that others increase
the price by 2 (level-1 players) and have reasofuttiher slightly decrease the price. But
these iterative steps of reasoning are likely tdimnéged. The adjustment towards the Nash
equilibrium, which would be 50, is likely to be moplete. Sticky reasoning does not imply
that price adjustments are necessarily smaller duarlibrium adjustments. If the heuristics
employed generates excess volatility of pricegkgtireasoning will disallow a complete
adjustment towards equilibrium prices and implyt g@me of this excess volatility remains.

Our third treatment resembles the staggered pritiodel proposed by Taylor (1980). Again,

players face the payoff function that includes teairistic Bl . However, price setters are
now limited in their capacity to adjust prices. Tirst 14 rounds were designed identically to
the second treatment with heuristic. This made dina players have a substantial
understanding of the game. Then, for the subsediterdaund a staggered pricing scheme was
implemented: In round 15 all six players in a grovgre allowed to adjust prices. In round 16
only three players were allowed to adjust pricdsilevprices for the other three players were
taken from round 15. In all subsequent rounds Hpacity to adjust prices switched, being
granted to those who previously could not adjusg. i round 17, the other three players
were allowed to adjust their prices, while thetfttgee would play with their price level set in
the previous round. This alternating procedure inoed until round 30, where again all
players were allowed to adjust their prices.

How would fully rational players behave in roun@hen they are allowed to adjust but know

that they are impeded to do so in the subsequemtdf We determine equilibrium prices

following Taylor (1980). Players know all past afudure levels for the business indicator

such that equilibrium prices could be determine@ &&note the average price level of those
adjusting in round by p,, andthat of other players who adjusttti byp,,_, . Since fully

rational players are predicted to play identicehtsigies the mean price is the average of the
price currently set by three players and the omdgehe other three players in the previous
round, p,, =1/2(p,, + P«.-y) - Players observe that their price must maximizepayoff in

two roundst and int+1. Since the payoff function is linear in all pricasd identical for both




rounds, any price can be taken between the optmed int and the one that is optimal in
t+1. A feasible approach is to take a target valyemidway between the two prices:

. _1(4 BI 1(4 Bl
=== +5)+—L |+=| = +5)+ 3
pxt 2(5 ( pmt ) 10 j 2(5 ( pm(t+1) ) 10 j ( )

Inserting forpm: we obtain:

A 1{4]1 Bl 1({4|1 Bl.,
Py = E(E[E(pxt + px(t—l)) + 5} +1_Otj +E(E[E(px(t+l) + pxt) + 5} +1—tolj

Rationality impliesp,, = p,, and we obtain:

pxt + pX(t—l) + pX(Hl) + pXt +4+ Blt + B|t+l -
5 5 20

pxt =

+
P = 30 Puc + P +20+ 2102 @
4
Optimal rates of inflation are not trivial to detgne. Prices in round 30 are flexible, their
equilibrium value being 64.5 (disregarding heret twhole numbers must be chosen). Using
equation (4) allows determining prices in rounds293y backward induction. But also past
prices enter the current calculus, for which predeined values must be assumed. For a first
round of iterations we chose flexible prices andssituted these by the values obtained in the
last iteration. After 8 iterations changes were ltanahan 0.01, suggesting a fair amount of
convergence. The first differences of these vaaresplotted in figure 3. In equilibrium play
we observe price volatility to be dampened consiblgr due to future and past prices being
relevant for current pricing decision. However, egivthe complexity of this treatment, we
expect subjects to significantly deviate from tlggigbrium prediction. As implied by sticky
reasoning, subjects may be rather limited in tieiward-looking capacities disregarding
future rates of inflation.

* This can also be rewritten ap, + (P, = Pyipy) = (Pyeey + Px) +20+ Bl /4+Bl,,, /4. Please

observe that this equation differs from the one mmmly found for staggered pricing, (Taylor 1980;nky
2006: 332). In their approach only relative pritesre an impact on payoffs, suggesting that the npeme
impacts a player’'s own price with a partial defivatof 1. We included also a fixed price for rawterals and
the mean price to impact with a partial derivat¥éel/5. This is the reason why the left hand sifithe equation

includes not only current inflation among pricetset, P, + P,y , but also the current price), .
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Figure 1: Optimal Inflation with Staggered and Flexble Prices

6 Experimental Procedures

The experiment was conducted computer-based atPHssau University Experimental

Laboratory (PAULA) using z-Tree (Fischbacher 200/1)e data forBI or respectivelya

was common knowledge in all treatments becauseesalor all 30 rounds were reported
upfront (and everybody was told that values arentepl to everybody upfront).

Upon arrival, subjects were randomly seated inlaleratory and publicly instructed about
the purpose of the game, its expected length, ddslan'ts and about (standard) payment and
blindness procedures. In order to increase ovaralerstanding of the rules, the first screens
explained the game in a detailed manner usingmlstestep approach that was found to be
perceived as intuitively appealing by pilot subgetdee figure 4 for an example). Questions
by participants were not allowed at this stage.




step 1 of 8: round e.qg. 1 eq. 2 eg 3
step 2 of 8: business indicator, BI eg 80 e.g. 30 eqg 50
step 3 of 8: own price, P e.g. B0 e.d. 15 e.q. 30
step 4 of 8: average price, P e.q. 50 e.g. 10 e.q 40
step 5 of 8: endowment 10 10 10
. costs =
stepGof8: | - e iP5 1BIN | i & il
) payoff -
StERiiuEs: = endowment - costs & 10 :
step 8 of 8: Finally vour total payoff will be displayed {in Talers). It is calculated by the total payoff
following function: = payoff 5 12 1
+ total payoff of
total payoff = payoff + total payoff of previous round previous round

Please click on "Continug" if you understand step 8

Figure 4: Selected instructions — step 8 of 8 (Erigh translation)

Each step presented was also accompanied by tkeeepkes and subjects were given the
possibility to (re-)calculate each example. Thestfifour rounds in each treatment were
reserved for learning, thus payoffs in these roumndse hypothetical. These four rounds are
separated in figures 1, 6, 7 and 9 by a vertigad. liActual payoffs were achieved in the
following 26 rounds. 6 groups played the first treant where the Bl-heuristic was absent.
Another 5 groups played the second treatment wilgise heuristic may be used as a
coordinating device. 9 groups of players playedtthel treatment with a staggered pricing
scheme. Thus, each subject participated in onlyt@a@ment (between-subjects design).

Throughout the entire experiment we provided feellban all relevant information (see
figure 5). At the end of the experiment, each stibjeceived the sum of Talers earned at an
exchange rate of 1 Taler = 5 Eurocent.



1: round 1 2 8 4 5 5} 7 8 9 10| 11213 14 [ 15 [ 16 [ 17 | 18 | 19| 20| 21 | 22 | 23 | 34 | 25| 26

le business Indioator. | 4o | 51 | 42 | 33 | 19 | 23 | 24 | 31| 27 | 24 | 33| 25 | 33 | 26 | 46 | 39| 53 | 46 | 54 | 57 | 63 | 78 | 82 | &7 | 86 | 89

3 own price, P 220 25 [ 30 |15 [ 11 12| 12| A7 | A7 | 18 | 22

4. average price, P 22012523 |16 | 12| 13 | 13 | 18| 18 | 15| 20

5. endowment 010 0 | 10| 10| 10| 10 | 10 | 10| 10 | 10

6: costs =
|P-4/5%Phi+5)-B1/10|

7. payoff T 6 7 5 5} 6 6 6 6 | 10| 9

8. total payoff T |13 20| 25| 31| 37 | 43| 48| 55| 65 | T4

The actual round is highlighted in red

In this round the business indicator, Bl, takes the value of 35

Please sst your price, P li|

Figure 5: Game sheet of 12th round from 26 playedf pay (English translation)

7 Descriptive Results

The experiment was conducted in seven session2 td 18 students from the University of
Passau over a one-week period in December 2010raMhy 30, 2011. In total, 120 subjects
participated and formed 20 autonomous pricing gso@ubjects needed roughly 8 minutes to
read the step-by-step instructions and (re-)caleuxamples. Total payoffs to the 120
participants amounted to 1,181.70 €. Payoffs pesqrewere 9.85 € on average and ranged
between 13.30 € and 4.80 €. The game on averagel @ 75 minutes, suggesting an hourly
income of 7.88 €. This is in line with hourly saéar for student assistants.

A first grasp of the results is presented in figu&8. All individual prices of the first
treatment without heuristic are shown in figure Al individual prices in the second
treatment that does offer tid-heuristic are shown in figure 7. Figure 8 depitis prices
chosen in rounds 15-30 in the staggered treatment.
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Figure 8: Change in Average Prices among Price Sets relative to Previous Round,
Data for 9 Groups (treatment 3)

As figure 6 reveals, prices were quite volatileisTfinding suggests that players may have
experienced computational limitations. In that ¢dke higher variance may be explained by
heterogeneous guessing schemes about the expeetadprice of level-0 players. Figure 7

corroborates our conjecture. The simpﬁ-heuristic has a strong impact on individual
prices. Players were willing to follow this heuigsalthough this implied that prices depart
from equilibrium prices. As can be observed frora figure, this departure occurred in the

short and in the long run. In the short run charige@ were translated one to one to changes
in prices, even though equilibrium play would hawggested adjusting prices by half of the

changes inBl Even in the long-run, prices do not converge tolwdhe equilibrium price, as
becomes particularly visible in rounds 25-30. Aisdhe staggered pricing treatment (figure
8), we fail to observe the dampening effect asipted by Nash equilibrium play. Players’

behavior again seems to be highly guided byﬁeheuristic attesting further coordinative
power to it even under staggered pricing limitagion

Figure 9 provides similar evidence. It reportsstendard deviation in prices within groups as
compared to the one between all individuals faattreents 1 and 2.
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Figure 9: Standard deviations — within groups and aross all observations
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In line with figures 6-7, the standard deviatiomoss all observations is largest where the
heuristic is absent. However, the standard deviaimong players within the same group is
rather low. This implies that the large standard/iateon is due to prices differing
considerably from one group to another, rather thginin groups. The heuristic is capable of
causing different group’s prices to converge butoato reduce deviation across all
observations. The first rounds are characterizeddbgrogeneity, in particular during the first
4 rounds that were reserved for learning. Afterwattie standard deviation among prices
remains rather stable. Figure 9 thus provides dation of learning effects during rounds 5-
29.

8 Regression Analysis

Treatment with and without heuristic
We focus on average group priggg for regression analysis and start by analyzingtimple
long-run relationship between prices d@id To allow for comparison we regress Bhrather

than onBlI or Bl

Pt = By *+ B,BI, + & (5)




Method: Ordinary Least Squar&s.

Dependent Variable Average Average Average Price
Group Group among Price
Price, px  Price, p Setters, p
Independent Variable 1. 2. 3.
Treatment Treatment Treatment,
without with Staggered
Heuristic  Heuristic Pricing
B, Constant 7.39 1.19 4.85
(5.0) (1.9) (6.4)
[, Business Indicator, 0.81 0.94 0.52
Bl (28.4) (76.4) (11.9)
B, Lagged Pricey-1 0.41
(8.3)
Rounds 5-30 5-30 15-30
Total Obs. 156 130 144
ADF on Residuals -3.22 -3.44 -4.26
R 0.84 0.98 0.97

a) t-statistics in parenthesis.

Table 1: Time Series Regressions for Average Prices

We focus on the first two treatments and will iptet the third treatment later. Throughout
the regressions in table Bl; obtains the expected sign. We carry out an ADF-o@sthe

residuals, &, of the type Aeg, =y, + &~ V.A&_, +v,and report the t-statistics for the

coefficient y,. The critical McKinnon values are -3.48 (1% en@vel) and -2.88 (5% error
level). In the first two treatments the t-statistere smaller than the critical value at the 5%
level, allowing us to infer that residuals have rdt uoot and both regressions depict a
cointegrating relationship. A note of caution iguiged. With only 26 observations per group
convergence is not very strong and error levels beyneasured with some imprecision. The
time series properties are not very strong forstest cointegration. Still, the results allow us
to proceed by assuming a cointegrating relationahgbcapture the dynamic structure by help
of an error-correction approach:

Ap,, = @Bl +@( Prm-1) ~ B = B,Bl,) +é& (6)

The last term depicts the long-run relationshiprfrtable 1, which is tested simultaneously
with the short-term dynamics. Departures from thwegirun relationship are denoted as an
“error”, which groups of players seek to compenssténcreasing or decreasing the average
price. Coefficientg denotes the speed of adjustment wigh=1 indicating immediate
adjustment towards the long-run relationship andelovalues denoting a more sluggish
reaction. The coefficieng is not normally distributed; the critical valueg cKinnon must

again be applied.

As can be observed from table 2, regression lhfitst treatment witlBl , values are quite
in line with equilibrium values. The long-term coast, 8, =1808 is close to its predicted

value of 20, and, as confirmed by a Wald-test, dagdiffer significantly from this value. A
Wald-test on coefficients also confirms that thegiderm influence oBlI, as denoted by the




coefficient 5, = 060, does not significantly differ from 0.5. We camushcomfortably argue
that prices do not significantly depart from theguilibrium values.

But we observe that changesBh as denoted by coefficiegy = 0.79, exert an excessively

large impact. Players overinfer from change®ino the choice of the current price. This
finding may replicate what has been labeled anapwiation bias. In a variety of games
subjects have been found to overinfer from curreistble data at the expense of other more
rational considerations. For a review see Fustaihdon and Mendel (2010). We also observe
that adjustment is rather slow. With an error tegns 019 less than 20 percent of past errors

are corrected in current rounds. This error tertifi, & highly significant with a t-statistics
well beyond the 1-percent critical MacKinnon valag 3.46. The long-term relationship
between the average price and the business indisataus a cointegrating relationship.

When the heuristic is available the coefficiepis higher. This implies that the heuristic

helps in achieving a quicker convergence. But #éselting relationship is not the equilibrium
relationship. The constant is smaller than the lgagiwim value of 20. The long-term impact
of Bl is larger than the 0.50 that equilibrium play iragland close to the value expected
from the heuristic. Applying a Wald-test on coeffiats reveals that their difference relative
to equilibrium values is significant at the 1% erlevel. The same is true of the short-term
dynamic. Changes of Bl impact prices with a coefht of 0.92, which is more than the 0.5
predicted from equilibrium play. Thus, the extraimn bias is even more pronounced in the
second treatment.

Dependent Variable: Change in Average Group Pi\ge,
Method: Ordinary Least Squares Error Correctiordd®

Independent Variable 1. Treatment 2. Treatment
without Heuristic with Heuristic
@ Change in BIABI, 0.79 0.92
(17.0) (28.9)
@ Error Term -0.19 -0.58
(-4.0) (-8.1)
B, Long-Term Constant 18.08 1.28
(3.2) (1.2)
B, Long-TermBl.; 0.60 0.94
(5.3) (42.2)
Rounds 6-30 6-30
Total Obs. 150 125
R 0.67 0.87

a) t-statistics in parenthesis.

Table 2: Error Correction Regressions for Average Hces

Staggered treatment with heuristic

The optimal staggered pricing requires a high lefekasoning. Limited reasoning capacities
may encourage “level-0” players to follow tBé&heuristic. In that case, “level-1" players will
observe that the price they set must also fit Far mext round. For this reason they will
recognize the next round’s value for the businedgator,Bl.;. But will they recognize that
players in the next round look one round ahead?alBois would be a “level-2"-type of




behavior, where the two round-ahead business itmtichkecomes relevant. Complete
rationality implies that the next round’s leveliaflation becomes relevant. But will players
recognize thapy+1) should enter their calculus? Subjects will facepatational limitations

in carrying out these higher levels of reasoningd &ven if they are able to compute higher
orders of reasoning they may believe other plagegsincapable of doing so and thus prefer
to stick to a simpler calculation.

Our regressions in the third treatment focus ageairaverage group prices. This time the
average is taken acmoall players who are free to adjust their priceelepy. With 9 pricing
groups in the third treatment and 15 rounds weioltad5 observations. We start by testing,
first, whether a long-term relationship existBlayers will recognize that prices set in the
previous round cannot be changed and should theesdraimpact on current prices. Thus we
modify the long-run relationship to include laggettes We estimated equation (7).

Py = ﬁl + ﬁz Blt + /83 px(t—l) * & (7)

Findings are reported as regression 3 in tablehk dorresponding ADF-test reveals a t-
statistic of -4.26 for past residuals, showing tlegiression 3 is a cointegrating relationship at
a 1% error level. We can thus employ it as the {@mm relationship in an error-correction
model. The simple test equation is thus

Ap,, = @ABl +@( Pyt-1y ~ By = B.Bl =B px(t—Z)) t & (8)

As can be seen from regression 1, table 3, thdiceeits are similar to the ones obtained in
the second treatment with the heuristic. The eeon is significant at a 1% error level. But
this specification leaves out two important varehlidentified in equation (4). We observe
that the future level oBl is relevant, as well as the future price levelvegi the error-

correction approach we thus include first diffesnéor both variables)Bl,,, and Ap, .y, -

We do not include changes in past prices, becausevéariable is captured already in the
long-term relationship.

As shown in regression 2, table 3, only the businasicator obtains the expected sign.
Future inflation does not positively impact currgatces. To the contrary, the impact of
future inflation is negative and even significafayers take the next round’s business
indicator into consideration. But they fail in cdng out another step of iterative reasoning,
observing that their price should rise with thaptafyers in the next round. In how far players
anticipate future events can also be tested bykamgthe two round ahead business indicator
ABI,,,. As shown in regression 3, table 3, this variablénsignificant. Reasoning in our

pricing game is limited to “level-1".

®> Owing to the fact thaBl is non-stationary we cannot directly test equaii@n We also cannot test first
differences of equation (4) because this would naissointegrating term, forcing inflation to respotal
deviations from a long-term relationship.




Dependent Variable: Change in Average Price amoig BettersAp,,
Method: Ordinary Least Squares Error CorrectiordM®

Independent Variable 1. Staggere2l Staggered 3. Staggered 4. Staggered
Treatment Treatment Treatment Treatment
@ Change in Business 0.53 0.67 0.63 0.64
Indicator, ABI, (10.4) (17.9) (23.7) (23.7)
@ Error Term -0.33 -0.34 -0.52 -0.49
(-4.1) (-4.8) (-6.3) (-6.1)
B, Long-Term Constant 9.3 6.87 -0.13 0.87
(3.5) (2.9) (-0.1) (0.4)
B, Long-TermBl.1 0.47 0.54 0.45 0.46
(3.3) (4.8) (5.3) (5.1)
[, Long-Term Lagged Price 0.47 0.37 0.58 0.57
Pt-2) (2.8) (2.7 (5.3) (4.8)
@ Change in Future Business 0.44 0.28 0.25
Indicator, ABI, (9.4) (6.5) (6.2)
@ Change in Future Price -0.35
AP,y (-5.0)
@,Change in Future Business 0.06
Indicator ABI,,, (1.5)
@ Change in Future Price 0.01
AZ px(t+2) (O 1)
Rounds 16-30 16-29 16-28 16-28
Total Obs. 126 117 108 108
R® 0.64 0.81 0.77 0.77

a) t-statistics in parenthesis.

Table 3: Time Series Regressions for Staggered Pes

We tested various hypotheses that may accounigfobtaining the wrong sign. One idea

would be that some players consistently set th@tepexcessively high while others set their
price continuously too low. This heterogeneity agatayers would induce pricing in the

staggered treatment to follow an alternating dgwalent. Regression 4 thus includes an
explanatory variable on future price changes theteaacross two perioda,p,., - The

resulting coefficientg is close to zero and insignificant. This may irdldent at the

described heterogeneity among players. At the sime it corroborates insignificance of
expectations with respect to future prices.

Overall we observe ample support for sticky reasgnPlayers seem to follow the business
indicator, B, that provides them with a fast and frugal waysefting prices. They take into
account only the next round’s level BF, thus recognizing that their current price shaalkb
operate well in the next round when they are unebejust their price. But they fail to carry
out further steps of reasoning such that futuratioin would be recognized. Sticky reasoning
is responsible for history dependent play, excesktnity, coordination on imperfect
heuristics, and future inflation failing to obtaihe expected, significant impact. Limits to




reasoning imply a preference for heuristics rathan forward looking behavior as a driver of
inflation dynamics.

9 Conclusions and Outlook

Price-setting in a non-stationary world is cogratw demanding such that a heuristic, if
available, is preferred to optimizing. Such a hdigris powerful in coordinating price-setting
and driving away prices from their equilibrium patontrary to Akerlof et al. (2000) we
observe that such a heuristic does not bias desidimwvards the status quo. Instead, it can
generate excess volatility by overinference.

Contrary to theoretical predictions we also obsehat forward looking behavior, which is
optimal an in staggered-pricing environment, isgngicant. In this complex environment,
subjects are observed to apply only one step ditite reasoning, thus recognizing only the
next round’s business indicator but not future indla

Our results bring about some policy recommendatidfisst, monetary policy may be
confronted with longer time lags, but these dojoet refer to prices being sticky and price
adjustment biased towards the status quo but alkeuristics driving prices away from their
equilibrium values. Second, the costs of disinflatand the resulting sacrifice ratios depend
on whether heuristics are at play. Research haflynfosused on anchoring rational player’s
inflation expectations, for example by help of imyped central bank credibility. A focus on
heuristics may help better address the behavigayfers with limited reasoning capacities.
Third, evidence has been gathered that the cosastoéving price stability do not markedly
increase when hyperinflation rather than high tndla prevailed. Ball, Mankiw and Romer
(1988) relate this to the absence of nominal rigadiin a hyperinflationary environment.
Heuristics provide another approach to this findiRgce stability may require a heuristic
where price signals are credibility anchored. Sachask may be equally demanding,
irrespective of whether hyperinflation or high atfbn prevailed. Fourth, observing how
firms set their prices, what signals they obsemve &who controls and designs these signals
may be important in order to fully understand tbaditions for price stability.

Our findings also open avenues for future reseahdmat are the real world cases of signals
that serve as heuristics, such as explicit andiam@hdexation rules or softer signals such as
official announcements or media coverage, and hawtlagy communicated? May players
abandon one heuristic and shift to another? In fasvean heuristics be the target of policy?
May different heuristics survive within a currenayion, distorting relative prices? How may
dynamics develop when sticky information is addedhe model? While our model has
broken new ground, we contend that much remaire tdone to fully understand the actor’s
cognitive mind map and the resulting policy implicaso
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