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Appendix A — Relegated Proofs and Computation of Egjlibria
Al. Relegated Proofs

Lemma 1 Assume a,,a, U (01 and there exists a k>0 such that 7,(k') =00k'>k .
Then, for all 7, Vz(rl,r2 |k') isincreasing in k' for all k'> k.

Proof: Fix a statek'>k. Let p, denote the probability of the following event unde
the strategy profile(rl,rz): assuming the current statekis tHe state in the next- rbunds

will be some k"> k "and the state in rountl (counted from now) will bek'- 1Define

0., = 2.0 . Thus, the valuatioW, (k') under(z,,7,) satisfies

V,(K) = (L- )R+ 5((1— p)R+Y p* (-5 )R+ 5“1\/2(k'—1))]

t>0

Clearly, p, >00t and V,(k-)<R As a result, we have

V, (k') > 1- )R+ (- p, )R+, (k'-1) >V, (k'-1) for all k'>k. QED
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Lemma 2 Assume a,,,a, U (01 andthereexistsa k <0 suchthatr, (k') =00k'<s k . Then,

for all r,, the following holds: if Vz(rl,r2 |k+1)> -R, then Vz(rl,r2 |k') isincreasing in k'
for all k'< k, otherwiseitisdecreasingin k' for all k'< k.

Proof: Fix a statek'< k. As in the proof of Lemma 1, led, denote the probability
of the following event under the strategy proI(tq,rz): assuming the current stateks the

state in the next— tounds will be som&"< k and the state in round will be k'+1, and

define p,, = %,,,p0, . Thus, the valuatioW, (k') under(rl, rz) satisfies

V,(k) =-(- &) R+ 5(— 1-p. )R+ p* (-[1-5)R+ a*‘%(k'ﬂ))}

0
Assume first V,(k+1 >-R. As a result, we have
V, (k) <-@-0)R-9J(1- p, )R+, (k+1) <V,(k +1), and als¥, (k) > -R. Iteratively, this
implies that, for allk'<s k, V,(k'+1) >V, (k') >—R holds, i.e.V, (k') is increasing. Secondly,
consider the case where V,(k+1) <-R. We now have
V, (k) > -1-0)R-0(1- p, )R+, (k+1) >V,(k+1) and V,(k)<-R are implied, and

iteratively applied, this shows th¥ (k') is decreasing ik ." QED

Proposition 1 Fix a strategy profile (rl, rz) and states K < K such that 2 exerts high effort

only in states k satisfying K <k < K. Upper boundaries \72(k) of the valuation function of
player 2 satisfy the following equation system.
V2(K)= m: R+ m%é\_/z(R)+ %16\72(? ~1)+r,(K,7;)
Va(k) = m2oV(k +2) + mPaV 2 (k) + m*oV 2 (k -1) +r, (k,7,) Ok:K <k<K
V2(K)=mioV2(K +1)+mlaV(K) + m;é'ma>{— R,Vz(ﬁ)}+ r(K,7,)

Proof: This equation system mainly relies on the equasgstem defining the
valuation function. This system is described thtoug
V, (k) = mav, (k +1) + mdv, (k) + mov, (k -1)+r, (k. 7;) Ok

Now consider the following truncated variant of #wation system.
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Z(R) = rr%ldxl'+m§é\72(ﬁ)+ %16\72(? —1)+ r (R T, )
2(k) = MoV 2 (k +2) + MoV 2 (k) + m*oV 2 (k —1) +r, (k, 1) Ok:K <k<K
(K)=mgov(K +1)+ mgaVo(K)+ mlv +r (K,7,)
Let VZ(k;V',V") denote the solution of this equation system, gihentruncation parameters

< <l

<I

V' andV " (for all k in the range). For ak, the value olV" is increasing and continuous in
V' and V' and as a result of that, for aW , ‘we can defineV "such that
v'=max- RV (K,V' V"}. Let V"(v') denote the respective value\8f as a function of
V', and note that it is increasing Vh. Thus, the solutions of the equation system clditoe
characterize upper bounds can be written and reflated as, using\/z(k) as the true
valuations,

V() =V v 7)) =v o RV (R)

>V kY, (K + Vv, (K +1) 2 vk, v, (K + 1) v, (K 1) =V, (K)

The first greater-than sign applies, becabses a strict upper bound fd?Z(R +1),
and because/" is correspondingly monotonous, and the second @mgdies, because
ma>{— R,Vz(ﬁ)} is an upper bound fov »(K —1), which is implied by Lemma 2 as shown
next. On the one hand, Lemma 2 shows thatifk ) > —R, thenV (K -1) <V (K). Hence,
if V2(K)>-R, then \72(5—1)<ma><{— R,Vz(ﬁ)} will be satisfied. On the other hand, if

V2(K)<-R, thenV:(K -1)>V,(K), but alsoV »(K —1) < —R (which is used then). ~QED

The proof of Proposition 2 (stated in the text)vexy similar to the proof of

Proposition 1 and therefore skipped.

A2. Computation of equilibria for experimental games

Treatment A: a, =05 and a_ = 025. In this treatment, exerting high effort is
iteratively dominated in all states. In iterationwle can show that this applies to all states
except—1 and 0, and in iteration 2, we can show this fer states-1 and 0. In turn, let us
also show that “exerting low effort in all states”a Markov perfect equilibrium. We do so by

showing that Eq. (1) is satisfied for all statesLet us define

DV, (K) = (- 03 JV, (k +2) -V, (k) + o (V, (k) -V, (k- 1))
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Thus, we have to show th&V, (k) <g for all k. For most states, this is obvious,

since V,(0)=0 must hold under the hypothesized strategy profils a result,

DV, (k) <g*% <g must hold for allk # 0 To show that the players would neither deviate

in statek = Q boundaries for the payoffs in the states — antl k = 1lare required (under

the hypothesized strategy profile). Using the @&beguation systems fdf = -1 andK =1,

we obtairV, (-1) > —l;’ andV, (1 <g (conservatively rounded), which impli€3V, (0) < g

Treatment B: a, =09 and a, = 025. In iteration 1, we can eliminate high effort

in the statek < - Gandk = 5 in iteration 2 high effort in statk = - ,4nd in iteration 3 in
state k = — 3 High effort in the remaining states is not donwol The unique symmetric

equilibrium in pure strategies implies to exertthigffort in the statek =— andk = 2, and

low effort otherwise. To prove this, we have towhhat DV, (k) >% in statek =- 1,2

and DV, (k) <% otherwise (under the hypothesized strategy ppofighen we solve the

respective equation systems f&r=-4 and K =4, this results immediately. Namely, we
obtain V,(-2) = -0.492 and V, (3) U (0.3630.388 (conservatively rounded), which implies

DV, (k) <% for k < -3 and fork > 4 The remaining bounds are
/

V,(-)=-035 V,(0)=-0156 V,@=-0054 V,(2)1(0.232,0.253,
which is enough information to show that the clains¢rategy profile is an MPE. Note that

the three approximations are given with an accuhéglyer tharl0™ .

Treatment C: a, =05 and a, = 01. In iteration 1, we can eliminate high effort in
the statesk < - 4ndk > § in iteration 2 for the statds=—  3,4h iteration 3 for the states
k =-2,3, and finally in statek = 2High effort is rationalizable in the statks= -  1,Gthe

unique symmetric equilibrium in pure strategiesoiexert high effort if and only if the state
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is k= 0. Thus, we have to show th&tV, (k) >1_58 if and only if k = 0. When we solve the

equation systems fak = -2 and K =2, we obtain (conservatively rounded)
V,(-)O(-042-04) V,0)0O(-026-025 V,@®HO 022,025 V,(2) <043

This provides the required information.

Treatment D: a, =09 and a, = 01. In iteration 1, we can eliminate high effort in
the statesk<- 5and k= 5 in iteration 2 high effort in statk =-— .4High effort is
rationalizable in all other states. The unique swtim equilibrium implies high effort in the
statesk = -2,— land low effort otherwise. To prove this, we h&wshow thatDV, (k) > 3—2

for k=-2-1, and DV2(k)<3—56 otherwise. We calculate the boundaries using émuat

systems based ok = -4 and K = 4. We obtain, conservatively rounded,

V,(~4) <-0491 V,(-3)0(-0468-0466 V,(-2) =-04058 V,(-)=-0255 V,(0)=-0082:
V, (@) =-00114 V,(2) = 00534 V,(90(03390349  V,(4)0(04280453

Here, it appears that the jump in the valuationciom from statek = 2to k = 3 justifies
high effort either ink = 2(to reach the more valuable st&te ) 0B in statek = 3Jto defend
it). This impression is misleading. In stdte= , @ayer 1 (who is behind) would exert high
effort, which corrupts the chances of 2 to progtesstatek = 3 Formally,

DV, (2) <(1-a,, )* (0.348- 00534 +a,, * (0.0534+0.0114 < 009< 3—56

In statek = 3 in turn, player 1 gives up, implying that 2 neeas to exert high effort any
more. Formally,

DV, (3) < (1-a,)* (0.453-0.339 +a, * (0.348- 0.0534 < 0.133< 3—56

Similarly, we can show for the other states thatdhove strategy profile is an equilibrium.



Appendix B — Experimental Instructions and Sample Sreenshots

B1. Experimental Instructions

This is the English version of the experimental instructions. The experimental
instructions used in the actual experiment were in German, and are available from the

authors upon request.

General Instructions

You are about to participate in an experiment orisi@n-making. The experiment is divided
into a number of stages, and each stage is dividedounds. During the experiment you will
earnexperimental points. At the start of each stage you are assignaditial endowment of 8
experimental points. Each experimental point yaum @athe experiment is worth € 1.

At the end of the experimentyanning stage will be randomly chosen by the computer. Your
final payment will be equal to what you earn in thi@ening stage. You will not know which
stage is the winning stage until the end of theearpent.

There are 10 participants in the experiment. Eacimd you choose actions that could affect
your earnings and those of a single coparticipant, similarly he or she takes actions that
could affect your earnings and his or hers. Atdtet of each stage, your coparticipant will

be chosen at random among all other participamse@hosen, the coparticipant remains the
same throughout the stage. At the start of thewoilg stage, however, your coparticipant

will again be chosen at random. You will not beltalho your coparticipant is.

The number of rounds in each stage is determinddilasvs. There is one chance out of ten
(that is, a 10% probability) that the stage youiarerminates at the end of each round. If the
stage does not terminate, you simply move on toéxt round. Therefore, you will not know
how many rounds there are in a stage until it teat@s, and this could vary from stage to
stage.

Your Decision

Each round you need to decide whether to mal@vanvestment or ahigh investment. The
cost of making a low investment is O points. Thetad making a high investment is 1 point.
These costs remain the same throughout the exparimi@e costs will come out of the
earnings that you have in the stage.

The investment is necessary to makegress steps. You can make up to one progress step
each round. The progress steps you have made alatenas the stage proceeds. The
computer display shows the number of progress gstegisyou, and your coparticipant, have
made so far in the stage.

When you choose a high investment, there is a highgbability that your investment is
successful than if you choose a low investment. @roeabilities of success for a low and for
a high investment stay constant throughout eachestad are displayed on the computer
screen. You are informed at the end of each roumektlver your investment is successful or
not. If your investment is successful for a givemnd, you move forward by one progress
step.

To choose a low investment for the round, click‘tbew Investment” button and then, if you

are sure of your choice, the “Confirm” button. Tleoose a high investment for the round,
click the “High Investment button” and then, if yawe sure of your choice, the “Confirm”

button.



After both you and your coparticipant have maderyahoices, the computer checks whether,
so far in the stage, you have accumulated morerg@segsteps than your coparticipant or
otherwise:

1. If you have accumulated more progress steps than gaparticipant, you get laigh
prize and your coparticipant getd@w prize. The low prize is worth 1 point. The high
prize is worth 2 points.

2. If you have accumulated the same number of progtess as your coparticipant, the
computer will decide randomly who gets the highe@rand who gets the low prize,
and so there is a 50% probability that you getidleprize and a 50% probability that
you get the high prize.

3. If you have accumulated less progress steps thanoaparticipant, you get the low
prize and your coparticipant gets the high prize.

New prizes get assigned every round. Low prizesabways worth 1 point, and High prizes
are always worth 2 points. The cost of making a iowestment is always 0 points, and the
cost of making a high investment is always 1 point.

The number of progress steps and points earned frres starts from O points, and the
initial endowment starts at 8 points, at the beigigrof each stage. The probabilities of
success may, or may not, change as you move frenstage to the next.

Before starting stage 1, we ask you to answeref fuestionnaire, with the only purpose of
checking whether you have understood the instrostidRaise your hand when you have
completed the questionnaire.

Many thanks for your participation to the experinen

Please raise your hand if you have any questions.

B2. Sample Screenshots

Stage 1 Round Partlupant

Your current stage earnings

Your Progress Steps this stage Your Coparticipant's Progress Steps 0
this stage

Step: Iﬁa&ﬁ&n%wwmmﬁam Number of Progress Steps more than your coparticipant
< <K< *@ﬁ"i <R< <<q €‘€€ P20 S50 2R BB DD B3> DB B> ZRol 35>

JIIII,IIII,I NERERREREN

Probability of Success with Low 0.25 Probability of Success with High
Investment Investment

Please click on the investment of your choice, L
and then click on "Confirm". Before you click Low Investment ;ngh InveStmentﬁ

on "Confirm", you can change your investment )
simply by clicking on the chosen investment. Confirm
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Stage Round Participant

Your current stage earnings

Your Progress Steps this stage Your Coparticipant's Progress Steps 1
this stage

] ress Steps less than your coparticipant. Number of Progress Steps more than your coparticipant
.“<r: {4;‘;,{: KL K <KD K <R KK <KD D> 53> 55> 33> S>> B3> 33> 3> 33> >

BEEEEEEN I aEEEREEEENNN

Probability of Success with Low 0.25 Probability of Success with High 0.9
Investment Investment

Please click on the investment of your choice, .
and then click on "Confirm". Before you click Low Investment ngh Investment
on "Confirm", you can change your investment :
simply by clicking on the chosen investment.

Stage Round : Participant

Your current stage earnings

Your Progress Steps this stage Your Coparticipant's Progress Steps 0
this stage

Number of Progress Steps more than your coparticipant
Pl Sh> Do B35 BRSC B3> DOS B3 BBl 555

I’tl N III [ ] I‘f AERRERREE

Probability of Success with Low 0.25 Probability of Success with High 0.9
Investment Investment

Please C|IC|.( on thf |nve.stn'lllent of your chglce, Low Investment High Investment
and then click on "Confirm". Before you click

on "Confirm", you can change your investment g : :
simply by clicking on the chosen investment. Confirm

The first screenshot depicts the initial state o$tage, wherk = 0. The second
screenshot shows the stite -1 following a low investment by Participantv@hich resulted
in O progress steps. The third screenshot showsdhglementary statk = 1 of the co-

participant, Participant 4, following a high invesnt, which resulted in 1 progress step.



Appendix C — Further Details on R&D Monopoly Entrenchment

Is there a tendency for the market to become an R&idership monopoly? Figure 2
in the paper suggests that, for any given treatnserd relative position, the average
investment by the leader is at least as large as dhthe follower. While the regression
analysis in Table 1 in the paper suggests insteaidthe answer is negative for treatment A
(with the caveats discussed in a footnote in se@i@.1 of the paper), it also implies that, in
the other treatments, the market does tend to be@R&D leadership monopoly as the gap
in relative position becomes large. To shed furthght on this while controlling for
individual propensities to investwe ran Spearman correlations between investmeuit an
Positive Gap and between investment and Negatiyef@aeach subject and treatment. It is
then possible to compare, for each subject, the darecelation values and see whether the
Positive Gap correlation is higher than the NegaBap correlation. This would imply that,
for any given subject, as a follower she reducg$ mvestment at a quicker pace than as a
leader as the relative gap in relative positiorreases. We find that this is not the case for

treatment A, whereas it is so for the other treatisiésee Table 2 in the paper).

1 A limitation of this test is that it does not cmitfor session level effects, but the regressiariBable 1 in the
paper do control for both individual level and sesdevel effects. This test is just a simpler stiation of the
pattern that we observe in Table 1.
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Appendix D — Payoff Transformations and Rivalry Motive

D1. Theoretical Framework

An unexplained stylized fact in our experimenthsg prevalent over-investment. As
noted by Cohen and Levin (1989), other motives hdystrategic incentives to invest in
innovation may influence investment decisions, Bnenner (1987) discusses how a rivalry
motive can make competition desirable to increa&® novation. One may postulate that
the perpetual race setting elicits a competitivadset in the minds of (at least some) agents,
making them wish to win the high prize more thaaytlwould purely on the basis of the
monetary payoffs.

Reinterpret monetary payoffs (profits) as subjexunility I; of agenti and consider

three kinds of payoff transformations, namely agdienvy, ratio envy and direct enfy:

M =1 +B (75 - 1) B>0 (additive envy)

M =15+ B (15 /1) B>0 (atioenvy)

Mi =1 -B 1y B>0 (directenvy)

For each of the three models, we consid¢redlues in the 0.1, 0.2, ..., 1 interval and

computed correspondinB / ¢ values. The additive transformation is allowed tamgest
increase iR/ cvalue, up to 1.5 fop = 1; wherea$ = 1 yields arR/ cvalue of 1.25 and 1 in
the ratio envy and direct envy transformationspeesively.

We tried to compute the pure symmetric equilibrisimategy for the full grid of 10
values (between 0.1 and %)3 transformations 4 treatments. However, pure symmetric
equilibrium strategies for all four treatments dedined in only six cases: namely, wjh=
0.7, 0.8, 0.9 and 1 for the additive transformagi¢mapped int&k / c values equal to 1.2, 1.3,
1.4 and 1.5 respectively) and with= 0.9 and 1 for the ratio transformation (mapped R/

c values equal to 1.175 and 1.25 respectively). Maggoall six of these cases lead to the
same equilibrium strategy, which we label Transfdrin the paper.

We also estimateR / ¢ values equal to 1.5, 2, 3 and 4, corresponding(&iranger)
rivalry motive. The first two values do not yielgnsmetric pure equilibrium strategies for all
four treatments. The last two do, and their stiagegre identical for treatments B, C and D.
In relation to treatment A, predictions are idealtiexcept foio = - 2 and + 3, where, unlike

/ ¢ = 3,R/ c =4 predicts high investment. Given that for thisatment Spearmam (high

2 Zizzo (2008) contains an overview of the literaton envy.
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investment predicted, high investment observed)22®forR/ c = 3 but only 0.089 foR/ c

= 4, and that the two models have perfectly muliloear predictions otherwise, we decided
to discardR/ c =4 and treaR/ c = 3 as our Transform 2 model in the paper.

By raising the revenue-to-cost ratRic, we can model this, and as a consequence,
predicted investment may approach realistic levilso, then by controlling for payoff
transformations we can indirectly identify rivalgoncerns as a motive of innovation

behavior.

D2. Empirical Analysis of Markov Perfect Equilibria Based on a Rivalry Motive

A troubling feature of this exercise noted abovethat, for a number of payoff
transformations, Markov perfect equilibria (MPE)nnat be computed in the exact way
described above. We focus on two well-differentigpayoff transformations for which pure
equilibria exist throughout: Transform 1 can beaitéd with R/c between 1.2 and 1.5,
Transform 2 withR/c = 32 Transform 1 predicts high investment for a gapveen — 1 and 2
in treatment C, and for a gap= 0, 1 in the other treatments. Transform 2 prediagh
investment for a gap between — 2 and 3 in treatr@emaind for a gap = 0, 1, 2 in the other
treatments. Table 4 compares the predictive sudoeshese models with that using MPE
with R/c = 0.5.

High investment is predicted for more cases intthesformed models and so we may
expect better predictive power. Qualitatively, hoew Transform 1 and 2 lose out on the
across-treatments variety of dynamic paths of MfPEy uniformly predict regions of high
investment clusters where relative progress gapsnat too largé. Transform 1 average
investments values were 0.670, 0.539, 0.761 an810i6 treatments A, B, C and D
respectively (0.669 overall); the corresponding bhars for Transform 2 were 0.913, 0.752,
0.880 and 0.735 (0.803 overall) and, it will bealésd, 0.686, 0.611, 0.706 and 0.683 (0.669
overall) for the observed data. So the transformedels meet the primary target of hitting

average investment values much closer to homeowdth Transform 2 has a systematic

% Unlike Transform 2, Transform 1 can be supportgdégative spite parameters in the admissible réomeur
additive payoff transformation, namely betweendhd 1.

4 We checked the rationalizability of high (and lowyestment under Transform 1 and 2 éor -5 ... +5, and
found that rationalizability places even less crists here than with the baseline model. Most bilgtehigh
investment in treatment A is always rationalizabiéh both Transform 1 and 2. Additional details amesub-
section D3 below.
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tendency of overshooting the target. Table 4 cstdrthe empirical fit of MPE with that of

Transform 1 and 2. Transform 1 predicts roughly &&e choices (0.656), and Transform 2
slightly more (0.714). While these results areffam sensational, and may simply be a by-
product of fitting the key stylized fact of overgstment, they do imply that the models
predict better than 50% chance success in all@es$? < 0.005).

The strategic problem faced by the subjects casumemarized as follows. In all
cases, there exist unique equilibria in pure sgrage and these equilibria are symmetric.
Dominance arguments show that high effort is rati@able only in a connected set of states
aroundk = Q In the most extreme case (treatment 1), highrieffodominated in all states.
Thus, equilibrium play can be expected under coatggarweak epistemic conditions (MPEs
are technically simple, as they can be definedetms of the Nash equilibrium concept).
However, our experimental observations cannot arozed by arguments of dominance or
equilibrium play. Even after accounting for the gbdgity of rivalry concerns, hardly any
evidence of a qualitatively accurate relationshgiween predictions and observations was

found

D3. Rationalizability and Payoff-Transformed Models

We checked the rationalizability of high and lowestment under Transform 1 and 2
foro=-5, ... +5. We found that very few restrictions ptaced in this range (which includes
97.5% of relative positions actually faced by thbjscts in the experiment). High investment
is not rationalizable only in treatment B, in redattoo = 4, 5, - 4, - 5 for both Transform 1
and 2 and also = 2, 3 for Transform 2 only. Low investment is ajwaationalizable under
both the baseline model and Transform 1, but, ilatimm to Transform 2, it is not
rationalizable undeo = - 1, 0, 1 in treatment A and also under - 2, - 3 in treatment 2. On
the basis of this analysis, Table D1 classifiesraye high or low investment according to
whether it is rationalizable.

The anomaly of high investment in treatment A, obse with the baseline model, has

now been addressed at least to the extent thatihigfstment is always rationalizable. In
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addition, in treatments A and B, lower investmenbbserved under Transform 2 when low

investment isot rationalizable P < 0.001)°

TaBLE D1: Percentage of high investment choices andnalimability in the extended model

Transform 1 Model

Rationalizability =~ Treatment All

of highinvestment A B C D Treatments

Yes - 0.610 0.703  0.677 0.667

No 0.686  0.527 - - 0.527

Transform 2 Model

Rationalizability =~ Treatment All

of highinvestment A B C D Treatments

Yes - 0.681 0.703  0.677 0.687

No 0.686  0.289 - - 0.289

Transform 2 Model

Rationalizability =~ Treatment All

of low investment A B C D Treatments

Yes 0.449  0.289 - - 0.653

No 0.708 0.681 0.703 0.677 0.689

Values are the percentages of high (low) investnohotces (made under relative position
in the range -5, ..., 5) classified according totmment and to whether high (low) investment

is rationalizable in the extended models. Low invest is always rationalizable in the
Transform 1 model.

® Statistical significance can be obtained not justnivariate tests but also, as for the correspanB values in
the main text, by using suitable logistical regi@ss that control for session level and individlealel random
effects.
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Appendix E — Further Details on Markov Quantal Respnse Equilibria
Computations of Markov QRE. The computation of Markov quantal response
equilibriua (QRE) is possible using the approach Tafrocy (2005, 2006), which is
implemented in Gambit (McKelvey et al., 2007). Edgsdly, two groups of entities are

required: ni’w(sﬁ,a) as defined already, anﬁ!ni,w(s1 ,a)laaj(a.')(sj). This derivative is
obtained by evaluating

alLtxr) _ o

_ or
= xr+ Lt x
00, (w)s;) 90, (w)s;) a0, (a})(sj)
- - _ or
=L? L:xr+ L x
o0, (w)s, oo, (w)s,)

As both L(i,a,g;a) and r(i,a,g;a) are linear in o, (a,')(sj), this computation is

(E1)

straightforward. The value obni,w(s,a)laaj(a.')(sj) is equal to the element of the

vector defined in Eq. (E1).

In contrast to the classes of games studied by cyrone should note that
Oni’w(g,a)/aaj(a')(sj) is generally not zero, i.e. not even {f,a)=(j,&'). This

difference is a consequence of the character ohtlimal form game considered here — its
definition depends on the assumed strategy praofildHence, agg changes, the normal form
game changes, which affects the information requie trace the QRE correspondence.
Loosely speaking, the above derivatives contais thformation and may therefore not
equate with zero. Further guidance and our implé¢atiem is available upon request.

In the computations made for the paper, we havedwict the state space in order to
apply the above definition of Markov QREs. The iraglinaccuracies in the computations are
negligible, however, if the cut-off points are censonservatively enough. According to our

data set, 95% of the observations are for sthte§—5,...,5), and 99% of the observations
are for stateskD(—lO,...;LO). We chose the cut-off pointk; =-15 and k, =15, and
inspections of the predictions suggest that thsuificient here (essentially, for intermediate
values of A, the predicted probability of high efforiear the upper limitk, =15 is

exaggerated by a few percentage points). Thus,nabyze games with 2 players, 31 states,

and 2 actions per state.
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In each iteration of the tracing procedure, paybfise to be calculated for all agents
and all actions. In addition, the respective deies with respect to all actions of all agents
are required. Assume that neither the block tritargy of L is exploited, nor, in our case,

that the upper diagonal block is tridiagonal. Theaxch of these steps requires the inversion of
a matrix with dimension(|Q|+l)2. For instance, if we have 2 players, 31 stated, Zn

actions per player, this require62® inversions of 32x32 matrices. Given current
technology, this is achieved in 10-20 seconds. Dejng on the step length used, 50 or more
such steps may be required to obtain the QRE qmnelence. While the required amount of

time is not negligible, one should take into acadhat this is actually an analysis of a game

with 2°% = 4.6*1C" strategy profiles. The mere enumeration of thésgegy profiles is not
possible using current technology. The above efficy is achieved by exploiting that (i) the
homotopy approach requires the above evaluatiolysfona few strategy profilegr (those
obtained along the QRE correspondence), and thain(idynamic games, the respective
evaluations for mixedo do not require knowledge of the payoffs associatéth pure
strategy profiles. The latter, in particular, igl@racteristic of dynamic games that does not
apply in other classes of games. In turn, by casid dynamic games, we are able to
investigate complex environments (and phenomena)raputationally small costs.

Levels of reasoning. We consider a variant on the QRE model allowing lilmited
depth of reasoning, and which relies on Kibler ahéizsacker (2004). Kubler and
Weizsacker estimated the depth of reasoning inacksdormation, i.e. in finite horizon
games, within a quantal response equilibrium apgro@ihey estimated models with three to
five levels of reasoning, where the reasoning heehbincreasingly “fuzzy” (lowerl ) the
higher the level. Similar results might be expedbede, not only because such limitations
may appear intuitive, but also because of reasbat appear technical at first glance: the
equilibria of these limited models are much eaai®t quicker to compute, and in relation to
the QRE predictions, numerical inaccuracy is noissae here (note that the limited depth
leads effectively to a finite state space). Nonlefge we have not found limited depth of
reasoning empirically relevant. We estimated modeisthree to five levels of reasoning,
using a variety of optimization algorithms (besidles algorithm of Nelder and Mead, 1965,

which was used throughout, this included the BFG&hiod), but obtained quadratic scores
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between 4100 and 4200 in all cases. For instaheegdtimated set of parameters for a four-
level model are as follows (note that the payofts scaled differently here, which leads to
differently scaled values of ):

(A, 15,25,7,) = (6.028,66.956,64.799%5.429
for a quadratic score of 4173.04. Hewg, refers to the first level of reasoning,
refers to the second level (the actions playedénrtext round) A, refers to the third level
(the round after next), and, refers to the fourth level. For the next levek theginning of
the backward inductiond; =0 was set (see Kibler and Weizsécker, 2004, fomafepth
discussion of this approach). The lattel; =0, implies that thus limited models differ

structurally from the above QRE models. Combinéésé results suggest that the subjects’
actions display two kinds of bounded rationalitgypff perturbations as in QRE models and
a rivalry motive, but, given these facts, they alpée to assess all states equally well. That is,
() their evaluations of given states are indepah@é how many rounds would be needed to
reach this state, and (ii) the evaluation of states the same whether it is reached in the next

round (second reasoning level) or in any later do{imgher level).
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