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Abstract 

Who knows it is a game? On strategic awareness and cognitive ability* 
 
 
We introduce the notion of strategic awareness in experimental games which captures the 
idea that subjects realize they are playing a game and thus have to form beliefs about 
others’ actions. The concept differs from both, rule understanding and rationality. We then 
turn to experimental evidence from a beauty contest game where we elicit measures of 
cognitive ability and beliefs about others’ cognitive ability. We show that the effect of cog-
nitive ability is highly non-linear. Subjects’ behavior below a certain threshold choose 
numbers in the whole interval and does not correlate with beliefs about others ability. In 
contrast, choices of subjects who exceed the threshold avoid choices above 50 and react 
very sensitively to beliefs about others’ cognitive ability. 
 
In diesem kurzen Artikel führen wir das Konzept von strategic awareness in Experimenten 
ein. Dieses neue Konzept beschreibt die Fähigkeit von Experimentteilnehmer, strategische 
Situationen zu erkennen und daher Erwartungen über das Verhalten von anderen zu bil-
den. Das Konzept unterscheidet sich sowohl von Rationalität als auch vom bloßen Verste-
hen von den Regeln eines Experiments. Wir demonstrieren das Konzept empirisch mit Hil-
fe von Daten eines Beauty Contest Games, in dem wir die kognitiven Fähigkeiten der Teil-
nehmer und ihre Einschätzungen über die kognitiven Fähigkeiten der anderen Teilnehmer 
erheben. Die Resultate zeigen, dass kognitive Fähigkeiten einen starken nicht-linearen 
Effekt auf die Entscheidungen in dem Beauty Contest Game haben. Das Verhalten von Expe-
rimentteilnehmer, die unter einer bestimmten Schwelle liegen, kann nicht von zufälligen 
Entscheidungen unterschieden werden und korreliert auch nicht mit deren Einschätzung 
über die kognitiven Fähigkeiten der anderen Teilnehmer. Im Gegensatz dazu vermeiden 
Teilnehmer, die über dieser Schwelle liegen, dominierte Entscheidungen und basieren ihre 
Entscheidungen auf ihrer Einschätzung über die kognitiven Fähigkeiten der anderen Teil-
nehmer. 
 
Keywords: Strategic awareness, cognitive ability, beauty contest 

JEL classification: C7, C9, D0
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1. Introduction 

Life outside the laboratory is often characterized by rather subtle strategic structures that 

agents might easily overlook. For example, a worker in a firm might think that his wage (or a fu-

ture promotion) just depends on his own effort while, in reality, it is linked to the competition 

between different units and their managers. Understanding such strategic ripple effects can be 

taxing for even the most sophisticated game theorists.  

In laboratory experiments strategic reasoning is often promoted through framing that 

vividly illustrates strategic interdependencies. Game matrices are an obvious example. Re-

searchers typically spend much care on the writing of their instructions in order to make sure 

subjects understand them well. Often they employ pre-experimental questionnaires with un-

derstanding tests and some only proceed to the experiment proper once all subjects have an-

swered all questions correctly. But what does it actually mean to understand instructions for an 

economic experiment? For game experiments it appears natural to equate understanding of the 

experiment with the understanding of the precise rules of the game. That is, subjects should be 

aware of all choice possibilities (in case of extensive form games, they should be aware of the 

entire tree structure) and they should know all players’ payoff functions that map choices into 

outcomes. In other words, subjects should be able to answer questions like “What are the avail-

able actions for player Y if player X has chosen action s?” and “What will be player Y’s outcome 

if X chooses s and she plays t?” If a subject can answer all these questions correctly, we say that 

she has rule understanding. 

As such rule understanding is a prerequisite for rationality which demands that players 

best respond to their beliefs. While data analysis in experimental economics does not necessari-

ly assume rationality (although it frequently does, for example, when researchers try to infer 

preferences from belief and choice data), it almost invariably assumes rule understanding. 

In this note we explore a concept – strategic awareness – that is weaker than rationality 

and related to rule understanding. We say that subjects have strategic awareness if they under-

stand that the decision situation they face is interactive, i.e., that they are, in fact, playing a 
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game. Therefore, strategic awareness requires that subjects realize that reasoning about how to 

play the game requires reasoning about others. While forming beliefs about others is an essen-

tial requirement for strategic awareness, beliefs need not be based on equilibrium models of 

others players’ behavior. Like in alternative models of strategic thinking, beliefs can be based on 

non-equilibrium behavior, heuristics, etc. 

According to our definition of strategic awareness, rule understanding does not neces-

sarily imply strategic awareness. In principle, subjects might be able to enumerate all payoff 

consequences of all sequences of actions and yet fail to understand that, in order to play the 

game, they have to think about what others will do. Similarly, strategic awareness does not re-

quire full rule understanding. Subjects can be aware of strategic considerations without under-

standing all details of the payoff functions. For example, in a principal-agent setting the agent 

might be aware that the principal can monitor his actions, but may overlook some subtle details 

of the payoff function or monitoring technology. A good example from the experimental eco-

nomics literature comes from two-person guessing games where the choice of zero is weakly 

dominant (see, for example, Grosskopf and Nagel, 2008). While standard descriptions of the 

payoff function induce strategic awareness in at least some players, many fail to choose zero. 

This can be attributed to a failure of rule understanding by comparing the standard instruction 

(“whoever is closest to two thirds of the average wins”) with instructions that simply state 

“whoever chooses the lowest number wins”, which vastly enhances compliance with weak dom-

inance.1 

As a vehicle to study the presence or absence of strategic awareness we employ Nagel’s 

(1995) classic beauty contest game (BCG). In the BCG, subjects have to pick a number 

𝑎 ∈ [0, 100] and the subject who is closest to a fraction p of the group average wins a prize m. 

Given that 𝑝 ∈ (0, 1), the unique Nash equilibrium is zero. In the last decade BCGs have been 

                                                           
1 See, for example, Chou et al.’s (2009) “battle protocol”. Chou et al. argue that violations of game theory may be 
traced back to a failure of “game form recognition”, i.e., the failure to understand the rules of the game. Their con-
cept of game form recognition, however, differs from strategic awareness since strategic awareness does not ex-
plicitly rule out that subjects act strategically despite a lack of full understanding the game. Chou et al. vary their in-
structions in several aspects, such as emphasizing strategic thinking, giving subjects a hint on how to play the game 
or paraphrasing subjects’ task as a battle, in order to reduce violations of weak dominance. Indeed, these variations 
led to fewer violations of weak dominance. However, it is not clear whether subjects followed the advice in the in-
structions, or whether these variations induced subjects to reason strategically.  
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extensively used to examine rationality and belief formation, in particular, in the context of lev-

el-k models (see, for example Nagel, 1995, Ho, Camerer and Weigelt, 1998, Costa-Gomes and 

Crawford, 2006, and for a review on recent evidence on strategic thinking Crawford, Costa-

Gomes and Iriberri, 2013). The typical level-k model assumes that higher level players anchor 

their best responses on the behavior of non-strategic level-0 players and that belief formation 

proceeds in iterative steps. Thus choices of sophisticated players depend on their model of lev-

el-0 play, their own level of reasoning and their expectation about the level of reasoning of oth-

ers. From the perspective of the vast literature on level-k thinking, we take one step back and 

pose the question which subjects have strategic awareness. Importantly, the answer to this 

question does not depend on the specification of level-0 players; it only requires that subjects 

base their decisions on their beliefs about others’ behavior. 

We present experimental evidence that links strategic awareness to cognitive ability and 

beliefs about others’ cognitive ability in the BCG. Intuitively, cognitive ability might be an im-

portant determinant of the reasoning process and recently a few studies linked subjects’ behav-

ior in the BCG directly to their cognitive ability (e.g., Burnham et al., 2009, Branas-Garza, Garcia-

Munoz and Gonzalez, 2012, Georganas, Healy and Weber, 2012 and Gill and Prowse, 2013) or 

brain activity (Coricelli and Nagel, 2009). If a higher level of reasoning is positively linked to cog-

nitive ability, then we may expect that those with higher cognitive ability will not only think 

about the levels of reasoning of their opponents but also about their opponents’ cognitive abil-

ity. In other words, strategically aware subjects will base their choices in the BCG on their expec-

tation about the cognitive ability of others. In order to identify the link between strategic 

awareness and cognitive ability we rely on a simple, but reliable measure of cognitive ability and 

measure subjects’ expectations about others’ cognitive ability. Thus, if our hypothesis about 

strategic awareness is correct, we should observe that beliefs about the cognitive ability of op-

ponents affect choices in the BCG for subjects with high cognitive ability, but not for others. 

While our approach to identify strategic awareness is indirect, an important advantage is that it 

does not conflict with behavior in the game itself as would be the case with direct belief elicita-

tion and targeted questions.  
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We find a strong interesting link between cognitive ability, strategic awareness and 

choices in the BCG. Essentially, our data shows that subjects need to have some minimal cogni-

tive ability in order to acquire strategic awareness. Subjects below a certain threshold play the 

BCG as if it was a game of luck: there is no evidence for reasoning about others and their choic-

es appear to be randomly distributed over the whole interval.2 In contrast, subjects above the 

threshold avoid choices above 50 and do reason about others. Specifically, their choices depend 

on their beliefs about others’ cognitive ability.  

Our paper complements a recent literature that links subjects’ choices in the BCG to 

cognitive ability by providing evidence that choices of strategic subjects also depend on their 

expectations about the cognitive ability of opponents. While Burnham et al. (2009) document 

that lower choices in a one-shot 𝑝 =  1/2 BCG are associated with higher cognitive ability as 

measured through a comprehensive IQ, other studies find no or little evidence for such a rela-

tionship when looking at initial choices (Branas-Garza, Garcia-Munoz and Gonzalez, 2012, Geor-

ganas, Healy and Weber, 2012 and Gill and Prowse, 2013).3 Coricelli and Nagel (2009) use fMRI 

data to relate brain activity to subjects’ levels of reasoning in several BCGs. They find substantial 

evidence that higher levels of reasoning trigger activity in certain brain areas associated with 

mentalizing. The findings of our study suggest that cognitive ability is an important ingredient 

for strategic thinking in novel situations and more importantly that strategic reasoning is en-

dogenously determined by expectations about others’ cognitive skills.  

Two closely related studies attempt to manipulate subjects’ beliefs about their oppo-

nents’ sophistication without measuring cognitive ability directly. Agranov et al. (2012) show 

that behavior shifts to higher observed levels of reasoning, when undergraduate subjects know 

                                                           
2 This finding is in line with other recent evidence on the presence of non-strategic players in the BCG. For example, 
a study by Agranov, Caplin and Tergiman (2012) identifies a large proportion of k = 0 players (43 percent) by ob-
serving players’ provisional BCG choices within a three-minute time frame. Related, Burchardi and Penczynski 
(2014) use communication protocols among team members playing a BCG to classify strategic and non-strategic 
reasoning (about 33 percent). 
3 Branas-Garza, Garcia-Munoz and Gonzalez (2012) used the Raven test and the cognitive reflection test (CRT) to 
measure subjects’ cognitive ability and related the test scores to behavior in six BCGs with varying p. They find no 
effect for cognitive ability in the first two beauty contests (with p = 2/3 and p = 1/8), but in the remaining BCGs (p = 
1/5, p = 1/3, p = 1/2, p = 3/4) they observe a negative correlation of CRT and chosen numbers. Similarly, Gill and 
Prowse (2013) find no relationship between Raven’s test scores and choices in the first round of a repeated BCG (p 
= 7/10), but they observe that more cognitively able subjects converge more frequently to equilibrium over time. 
Georganas, Healy and Weber (2012) find that CRT scores are related to level-2 play in a variety of 2-person BCGs. 
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they are playing the BCG against experienced graduate students instead of other undergradu-

ates. In a similar vein Alaoui and Penta (2013) show that subjects’ level of reasoning in an 11-20 

game varies with their knowledge about the inferred sophistication of opponents.4 

More generally, our findings add to an emerging literature that explores the impact of 

cognitive ability on economic behavior. For example, the studies of Benjamin, Brown and 

Shapiro (2013), Burks et al. (2009), Dohmen et al. (2010), Frederick (2005) or Huck and 

Weizsäcker (1999) demonstrate that higher cognitive ability is associated with less biased risk-

taking and time discounting behavior.5 In light of this evidence, our results emphasize the im-

portance of cognitive ability for economic behavior in strategic contexts.  

2. Setup 

We have data from 240 subjects playing BCGs (𝑝 =  2/3) in 15 computerized sessions, which 

were conducted at the WZB-TU laboratory in Berlin between May 2010 and June 2013.6 Sub-

jects were randomly matched into groups of six and the winner’s prize was 5 euros, which was 

equally shared in case of a tie.7 The instructions of the game, including an illustrative example, 

were presented on the computer screen. Before subjects proceeded to the game they had to 

indicate whether they understood the game and, if necessary, they could clarify any open is-

sues. Subjects learned the outcome of the BCG at the end of a session.  

We measured subjects' cognitive ability with a simple test, the cognitive reflection test 

(CRT), introduced by Frederick (2005). The CRT is a three-question test that builds upon the pre-

sumption that our brain uses two types of cognitive processes, a more intuitive or emotional 
                                                           
4 Alaoui and Penta (2013) show theoretically that their experimental results are consistent with individuals engag-
ing in a cost-benefit analysis of applying additional rounds of reasoning. See also Strzalecki (2010) for an alternative 
theoretical approach in which behavior also depends on own bounded rationality and beliefs about opponents’ 
bounds. 
5 Other studies find that higher cognitive ability is, for example, related to better financial decision making (Agarwal 
and Mazumder, 2013) and stock market participation (Christelis, Jappelli and Padula, 2010) or health insurance 
take up (Fang, Keane and Silverman, 2008). 
6 The BCG was conducted alongside other experimental modules (for details and subjects characteristics, see Ap-
pendix A and Fehr, 2013). Subjects were recruited through ORSEE (Greiner, 2004) and the experiment was run with 
z-tree (Fischbacher, 2007). 
7 In four sessions subjects were unintentional matched in groups of twelve (due to a programming mistake) and 
thus in total there are 36 groups in the BCG. While the average choice turned out to be similar in groups of twelve 
(42.3) and six (45.8), the regression analysis controls for group-size effects. 
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process and a more deliberate and cognitively demanding process. The test measures subjects’ 

ability to inhibit intuitive (but wrong) responses and therefore measures one particular compo-

nent of cognitive ability. The CRT is known to correlate with various behavioral biases, such as 

the conjunction fallacy or the base-rate fallacy (Oechssler, Roider and Schmitz, 2009, Hoppe and 

Kusterer, 2011), and with the incidence of Nash equilibrium play (Grimm and Mengel, 2012, 

Altmann and Falk, 2011). 

The CRT was administered before subjects learned about and played the BCG. After the 

test, subjects had to estimate for each of the three questions the proportion of correct answers 

among the subjects in their session. This provides us for each subject with a measure for the 

perceived difficulty of each question as well as with a measure of how they assess others’ cogni-

tive ability. We will use this measure in our analysis in order to identify the link between strate-

gic awareness and cognitive ability. Subjects were rewarded with 1 Euro for each correct answer 

in the CRT and with 25 cents for each correct prediction of the proportion of a correct answer to 

a CRT question, i.e., they could earn a modest 75 cents if all three predictions were correct.  

We complemented the CRT with a five-minute 20-question variant of the Wonderlic Per-

sonnel Test (WPT). This test provides a measure for general cognitive ability and we use it main-

ly to check the robustness of the CRT. Therefore, we did not elicit subjects’ beliefs about other 

subjects’ WPT scores. The WPT was administered at the end of a session and subjects were re-

warded with 25 Cents per correct answer.8 

3. Results 

Figure 1 shows the distribution of choices in the BCG. While choices are spread out over the 

whole interval, there are two modes at 50 and 33 (about 68 percent of choices are below 51). 

The average choice was 45.1, which is higher than in previous experiments. For example, Nagel 

(1995) and Agranov et al. (2012) report an average of 36.7 and 35.1 for initial choices in their 

𝑝 =  2/3 BCG, whereas Gill and Prowse (2013) report an average of 44.2 for first-round choices 

in a 𝑝 =  7/10 BCG.  About 19 percent of choices were in the range between 67 and 100, which 

                                                           
8 In one session there was a false fire alarm during the WPT and hence the test scores are not used in the analysis. 
The other tasks were not affected because they were completed before the false alarm. 
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Figure 1: Distribution of Choices in the BCG 

 

 
Figure 2: Choices in the BCG and relationship to cognitive reflection (CRT score). 

 

0
.0

5
.1

.1
5

.2
Fr

ac
tio

n

0 20 40 60 80 100
Choices

0
1

2
3

C
og

ni
tiv

e 
R

ef
le

ct
io

n 
S

co
re

0 20 40 60 80 100
Choices



8 
 

Table 1: Distribution of answers in the CRT. 

Question 
Answer expected correct 

correct intuitive other answers 

Bat and Ball (BBQ) 32% 60% 8% 65% 

Widgets 59% 29% 12% 59% 

Lake 58% 21% 21% 52% 

Notes: BBQ: A bat and a ball cost 1.10 Euro in total. The bat costs 1.00 Euro more than the ball. How much does the 
ball cost? Widgets: If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100 machines to 
make 100 widgets? Lake: In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 48 
days for the patch to cover the entire lake, how long would it take for the patch to cover half of the lake? 
 
is clear evidence for a violation of the dominance principle.9 Choices in this range are associated 

with lower cognitive reflection: the average CRT score of subjects choosing a number between 

67 and 100 is 0.89, which is substantially and significantly lower than the average CRT score of 

1.63 for subjects choosing numbers below 67 (p < 0.01, two-sided t-test). 

Figure 2 shows the relationship of BCG choices and CRT score. The figure reveals a strik-

ing non-linear relationship. As can be seen, subjects who answered two or less questions cor-

rectly chose numbers over the whole interval as if they choosing randomly. In contrast, subjects 

who answered all three questions correctly systematically avoid numbers above 50. We can re-

ject that the median choice is the same for more cognitively able subjects (3 correct answers) 

and less cognitively able subjects (2 or less correct answers) (Mann-Whitney test, 𝑧 = 5.351, 

𝑝<0.01).   

Table 1 shows the distribution of correct answers for the three CRT questions as well as 

subjects’ expectations about how many others would answer the question correctly.10 Our sub-

jects found the „Bat and Ball” question (henceforth BBQ) more difficult than the other two 

                                                           
9 Recent evidence by Agranov, Caplin and Tergiman (2012) shows that more than 50 percent of subjects choose at 
least once a dominated action when subjects can modify their choice as often as they want within a three-minute 
time frame. In their setup, non-strategic subjects switch their choices more than five times as often as strategic 
subjects and the average choices of non-strategic subjects are remarkably close to 50. Similarly, we find that, in 
particular, the choices of subjects with a CRT score of 0 or 1 are close to 50 on average (about 48 percent).  
10 The average score in the 3-item CRT is 1.49. About 48% of the subjects have one or less answer correct and 52% 
of the subjects have 2 or 3 answers correct. Other studies find similar average scores. For instance, the mean score 
of the whole sample in Frederick (2005) was 1.24 (with a maximum of 2.18 and a minimum of 0.57), whereas 
Hoppe and Kusterer (2009) and Oechssler, Roider and Schmitz (2009) report slightly higher scores of 1.84 and 2.05 
among German students, respectively. 
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questions.11 Only 32 percent of subjects gave the correct answer to the BBQ, whereas almost 

twice as many gave correct answers to the other two questions. Almost two-thirds of those sub-

jects, who answered the BBQ correctly (62 percent), did answer all three questions correctly. 

The average choice in the BCG of subjects answering all three questions correctly was 29.1, 

whereas the average choice was 38.3 for subjects with a correct BBQ but less than the maxi-

mum CRT score. 

It is only superficially surprising that subjects estimates of others’ performance are in-

versely related to the actual performance. Those who believe in the “intuitive” but wrong an-

swer to the BBQ must be convinced that the answer is stunningly simple. Indeed, they expect 

that on average 73 percent of other subjects gave the correct answer to the BBQ. In contrast, 

we find that subjects who got the correct answer to the BBQ have a better assessment of its dif-

ficulty. They expect that 52 percent of subjects gave the correct answer to the BBQ (p < 0.01, 

two-sided t-test).12  

Table 2 presents estimation results from Tobit regressions that examine the relationship 

between choices in the BCG and cognitive ability controlling for individual characteristics such as 

gender, major and time enrolled. The first specification in column (1) indicates that subjects 

with a technical background choose lower numbers than subjects from non-technical fields. 

Once we include our cognitive measures, this effect is smaller. In the regression in column (2) 

we include a dummy variable for subjects with the maximum CRT score of three to account for 

the observed non-linear effect of cognitive ability. The result confirms that those subjects with 

the maximum score in the CRT choose significantly lower numbers in the BCG. As shown above, 

the questions in the CRT varied in their difficulty, and the BBQ on its own appears to be a good 

proxy for the maximum CRT score. In column (3) we use the BBQ as an explanatory variable 

 

                                                           
11 The “Bat and Ball” question (BBQ) is the following: A bat and a ball cost 1.10 Euro in total. The bat costs 1.00 Euro 
more than the ball. How much does the ball cost? The other questions are: If it takes 5 machines 5 minutes to make 
5 widgets, how long would it take 100 machines to make 100 widgets? In a lake, there is a patch of lily pads. Every 
day, the patch doubles in size. If it takes 48 days for the patch to cover the entire lake, how long would it take for 
the patch to cover half of the lake? 
12 It is also the case that subjects who answered the BBQ correctly were more likely to win the prize (p = 0.04, χ²-
test). 
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Table 2: Regressions -- Cognitive reflection and choices. 

 Dependent variable: choice in beauty-contest game 
 (1) (2) (3) (4) 
CRT score = 3 (d)  -19.534***   
  (3.792)   

BBQ (d)   -18.573***  
   (2.811)  

WPT Score    -3.522*** 
    (0.690) 

Female (d) 4.841 5.126 4.624 4.977* 
 (3.265) (3.165) (3.038) (2.775) 

Major:  -9.625** -7.173** -6.188* -6.842 
engineering (d) (3.717) (3.299) (3.178) (4.187) 

# of terms  4.091* 4.535** 4.994** 5.347** 
enrolled (2.339) (2.243) (2.384) (2.285) 

Instruction time 3.830 1.308 0.900 0.591 
 (4.414) (4.257) (4.536) (3.577) 

Group size (d) -5.595 -4.441 -6.683** -6.775* 
 (3.426) (3.203) (3.182) (3.863) 

Constant 27.913 40.307** 43.452** 78.389*** 
 (19.884) (19.624) (20.333) (14.297) 

N 240 240 222 240 
Notes: * p < 0.10, ** p < 0.05, *** p < 0.01 
Tobit regressions with standard errors clustered on the session level in parentheses. “CRT score = 3 (d)” is a dummy 
variable, which equals one if a subject answered all three questions in the CRT correct. “WPT Score” is the number 
of correct answers in the WPT, ranging from 6 to 17. “BBQ (d)” is a dummy variable and equals 1 for a correct an-
swer to the Bat & Ball question (BBQ). “Instruction time” is the time taken for reading the instructions and ques-
tions in log(seconds). The number of terms enrolled denotes the time enrolled at the university in log(semester). 
“Group size (d)” indicates sessions were the group size was n = 12 instead of n = 6. 
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instead of the maximum CRT score. The resulting coefficient is similar to the previous estimate 

and highly significant. This lends further support to the observation that the BBQ on its own is 

an important indicator for cognitive ability and subsequently for choices in the BCG.13 

The CRT measures subjects’ ability to reflect on a problem and to suppress intuitive re-

sponses as well as mathematical skills. This is only one particular aspect of cognitive ability and 

we want to see whether the observed relationship also holds for a more general measure of 

cognitive ability such as the WPT score. The correlation between the CRT score and the WPT 

score is about 0.47 and statistically significant (p<0.01), which indicates that the two tests in-

deed capture a similar underlying cognitive trait. Therefore it is not surprising to see that the as-

sociation between CRT score and choices in the BCG is robust to using the WPT score as an al-

ternative measure for cognitive ability (column 4). This result also suggests that even though the 

CRT is arguably a coarse measure for cognitive ability (only three questions), the questions (in 

fact, the BBQ alone) are powerful enough to detect substantial differences in cognitive ability in 

the context of our experiment. 

We hypothesized in our introduction that cognitive ability is related to strategic aware-

ness, i.e., subjects’ understanding that they have to think about others. While we have seen that 

those who fail on at least one of the CRT questions behave in a way that is indistinguishable 

from uniform random choice, we have not yet seen direct evidence that those who did answer 

all questions correctly do reason about others. For that purpose we will now utilize subjects’ be-

liefs about others’ cognitive ability. Note that eliciting beliefs about others’ choices in a BCG 

with standard instructions would in essence be equivalent to asking for their strategic choice 

(albeit multiplied by p). Moreover, eliciting beliefs directly may induce strategic reasoning as it 

makes the strategic aspect of the BCG more salient.14 Thus we prefer to examine whether sub-

jects’ beliefs about others’ cognitive ability correlates with their choice in the BCG.  

                                                           
13 That the BBQ is an important indicator for choices in the BCG is also confirmed by testing the predictive power 
that each of the three CRT questions provides conditional on the other questions. That is, including a dummy varia-
ble for each correctly answered question reveals that the BBQ has by far the largest the impact on choices in the 
BCG and we can reject the hypothesis that all three questions are equally predictive (Wald test, p = 0.058, two sid-
ed).  
14 A similar problem may arise by using post-experimental questions. Even though such questions cannot influence 
behavior in the game if presented afterwards, they can induce biased responses because subjects may realize ex-
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In order to investigate the relationship between cognitive ability and strategic awareness 

we focus on subjects’ beliefs about how others will do in the BBQ. We concentrate on this ques-

tion because previous studies revealed that it is the most difficult question (Oechssler, Roider 

and Schmitz, 2009, Hoppe and Kusterer, 2011, Meyer, Spunt and Frederick, 2013) and thus it 

may give us the best assessment of what subjects think about other subjects’ cognitive ability.15 

If our hypothesis about strategic awareness is correct, we should find that beliefs about others’ 

performance in the BBQ matter for subjects with the maximum CRT score of three but not for 

subjects with a lower CRT score.  

The Tobit regressions in columns 1 and 2 of Table 3 present our main evidence regarding 

the role of cognitive ability for strategic awareness. In the first column we focus only on subjects 

that did achieve the maximum CRT score, whereas in column 2 we only examine subjects with a 

lower score. The difference between both columns is pronounced. While the BCG choices of 

subjects who answered all three CRT questions correctly are highly sensitive to their beliefs 

about how other subjects answered the BBQ, other subjects’ choices do not correlate at all with 

their beliefs about others’ cognitive ability.16 We should note that our results not necessarily 

imply that subjects actively think about others’ ability to answer the BBQ when choosing their 

number. It rather suggests that subjects who are perfect in the CRT not only have a better un-

derstanding of the task but are also inclined to reason about others and behave strategically. 

This result is robust to using an alternative belief measure and sample split. Instead of 

using only a subject’s expectation about correct answers to the BBQ, we use all three belief 

statements of a subject. That is, we consider a subject’s average expectation of correct answers 

to the three questions as an explanatory variable (columns 3 and 4). However, we have to keep 

in mind that this is only a coarse measure for beliefs about the overall cognitive ability of others  

                                                                                                                                                                                            
post that the decision environment was strategic. Note that in the BCG it is not possible to distinguish cleanly be-
tween non-strategic and strategic behavior, since low numbers might be evidence for both. 
15 Relatedly, the BBQ (and more generally the CRT) is found to be a good predictor for rational thinking, i.e., indi-
viduals’ immunity to cognitive biases (see e.g., Toplak, West and Stanovich, 2011). 
16 Gill and Prowse (2013) find a similar result in an environment that facilitates learning. Using data from a repeated 
BCG they find that subjects with higher cognitive ability vary their level of reasoning depending on the known cog-
nitive ability of their opponents, whereas low ability subjects do not react at all to the cognitive ability of their op-
ponents. However, they do not find differences between high and low ability subject for initial responses in the 
BCG. 
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Table 3: Regressions – Beliefs about cognitive ability and choices. 

 
Dependent variable: choice in beauty-contest game 

 (1) (2) (3) (4) (5) (6) 

 CRT = 3 CRT < 3 CRT  = 3 CRT < 3 BBQ correct BBQ wrong 

Expected proportion -15.693** -6.333   -11.748** -7.309 
BBQ correct (7.498) (6.363) 

  
(5.519) (6.709) 

Avg. expected proportion   -12.747 -5.032   
correct 

  
(8.321) (10.052) 

  
Female (d) 0.715 6.207 -0.641 6.253 -1.941 7.744* 
 (5.401) (3.762) (5.623) (3.809) (3.964) (4.386) 

Major: 0.914 -8.584** 1.112 -8.896** -4.001 -6.372 
engineering (d) (8.882) (4.105) (8.261) (4.123) (8.707) (4.224) 

# of terms 0.125 5.641** 0.103 5.441** 3.388 5.782** 
enrolled (5.908) (2.343) (5.647) (2.223) (4.964) (2.351) 

Decision time -9.898* 4.105 -8.986* 4.179 -2.536 1.657 
 (5.072) (5.280) (5.168) (5.353) (4.595) (6.131) 

Group size (d) -8.887** -6.170 -8.732* -5.844 -10.934*** -7.636** 
 (3.916) (3.900) (4.363) (3.826) (3.455) (3.857) 

Constant 81.275*** 31.261 76.680*** 30.074 50.400** 42.945 
 (23.501) (24.479) (23.094) (27.005) (20.494) (28.834) 

N 48 192 48 192 77 163 
Notes: * p < 0.10, ** p < 0.05, *** p < 0.01 
Tobit regressions with standard errors clustered on the session level in parentheses. “Expected proportion BBQ cor-
rect” is the expected proportion of correct answers to the BBQ in a session (ranging from 0 to 1) and “Average ex-
pected proportion correct” is the average expected proportion of correct answers to each CRT question. “Instruc-
tion time” is the time taken for reading the instructions and questions in log(seconds). The number of terms 
enrolled denotes the time enrolled at the university in log(semester). “Group size (d)” indicates sessions were the 
group size was n = 12 instead of n = 6. 
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and also does not account for the observed non-linearity. (Ideally we would have liked to in-

clude information about the distribution of test scores within a session.) Nevertheless, the coef-

ficient estimates are remarkably close to the estimates of our main specification in both sub-

samples. They are less precisely estimated and for subjects with the maximum score in the CRT 

the coefficient is at the margin of being statistically significant (column 3). In the last two col-

umns of Table 3, we use an alternative sample split, which allows us to focus directly on the be-

liefs of those who answered the BBQ correctly. Accordingly, we split the sample into subjects 

with a correct answer to the BBQ and into subjects with a wrong answer to that question and 

focus on the estimated proportion of correct answers to the BBQ within a session (as in our 

main specification). Again, we find that the corresponding coefficient for “Expectation BBQ cor-

rect” is significant at the 5-percent level for subjects with a correct BBQ (column 5), but not for 

subjects who fail on the BBQ (column 6). In summary, we find support for our hypothesis. Sub-

jects above a certain threshold for cognitive ability, i.e., those with a perfect score in the CRT, 

adjust their choices in the BCG based on their expectations about the cognitive ability of others. 

4. Concluding Remarks 

In this note we introduced the new concept of strategic awareness, which describes subjects’ 

understanding that reasoning about others is a prerequisite for reasoning about how to play the 

game. We presented evidence that subjects with higher cognitive ability are more likely to be 

aware of strategic aspects than less cognitively able subjects.  

Strategic awareness will often convey important advantages in life. For example, in retail 

finance markets consumers’ failure to understand the financial incentives of advisors can cause 

serious harm (see, e.g., Inderst and Ottaviani, 2012 and Chater, Huck and Inderst, 2010) and dis-

closure rules that create transparency and promote the salience of strategic situation may be an 

important instrument for consumer protection. There are, of course, also situations where a 

lack of strategic awareness can be advantageous by inducing de facto commitment power. 

Cournot experiments are a good example, where subjects that simply choose quantities some-

where in the middle of the action space and do not (best) respond to others unwittingly become 
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Stackelberg leaders outperforming their more sophisticated competitors, see e.g., Huck, Nor-

mann, and Oechssler (1999).  

While we found evidence for strategic awareness in a specific environment, it is an open 

question how strategic awareness depends on context. More research in that direction as well 

as research that explicitly studies how strategic awareness is acquired and how it can be pro-

moted through hints or nudges appear fruitful for both, fundamental and policy-related applied 

research. 
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Appendix (not for publication) 

A) Experimental Procedures 

 

Table A1: Subject characteristics 
Variable  N Mean SD 

Female  240 0.40 0.49 
Age 240 24.41 4.83 
Major: engineering 240 0.70 0.46 
# of terms enrolled (semesters) 240 6.02 4.41 
Reading BCG instructions (in seconds) 240 92.83 38.70 

 

The beauty-contest game (BCG) was conducted alongside other experimental modules (for 

more details, see Fehr 2013). The sequence of these modules was as follows. Subjects partici-

pated first in a repeated minimum-effort game (ten rounds) and completed the cognitive reflec-

tion test (CRT) – see Appendix C – as well as questions about how many other subjects an-

swered each of the CRT questions correctly afterwards. Then they were informed about the BCG 

and that they were matched into new groups of six. After they played the BCG, subjects had to 

complete a risk elicitation task and had to answer several questions regarding hypothetical 

sooner or later payments. Finally, they completed a five-minute 20-question variant of the 

Wonderlic Personnel Test (WPT). Subjects were aware that a session would consist of several 

different modules, but they had no a priori information on the nature of these modules. There 

was no feedback about outcomes between modules, but subjects received feedback about their 

payoff after each of ten rounds in the minimum-effort game. Although only 5 of 10 rounds of 

the minimum-effort game were selected randomly for payment at the end of a session, subjects 

could infer the approximate range of their payment from their feedback after each round. How-

ever, we do not find evidence that subjects’ payoffs in the minimum-effort game affected their 

subsequent play in the BCG (p > 0.87, two-sided t-test, standard errors clustered on the group 

level) and also not their performance in the CRT (p > 0.53, two-sided t-test, standard errors clus-

tered on the group level) or WPT (p > 0.54, two-sided t-test, standard errors clustered on the 

group level).  
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B) Instructions (Translation from German) 

Task: 

You will be randomly matched into a group with 5 other participants. The group will not be the 

same as in the previous part. 

Your task is to choose a number between 0 and 100. The number 0 and 100 are also possible 

and the number you choose can have up to two decimals. 

Payoff: 

First, we will calculate a target number. The participant in a group, who is closest to this target 

number, will get 5 Euro. All other participants in a group will get nothing. If two or more partici-

pants in a group are equally close to the target number, the prize will be shared among those 

participants.  

How we determine the target number:  

First, we will calculate the average of all chosen numbers in your group. That means that we add 

up all numbers and then divide the sum by six. Then we multiply this average by 2/3 (two-

thirds), that is the target number = 2/3 x the average of chosen numbers in your group.  

Here is an example: 

Suppose the other five participants in your group all choose 100 and you will choose 99. In this 

case, the average of the chosen numbers in your group is 99.83 [=(5 x 100 +99)/6] and thus the 

target number will be 66,55 [=2/3*99,83]. Therefore your chosen number will be closest to the 

target number and you would get the prize of 5 Euro. 

 

If you have any questions, please raise your hand and the experimenter will clarify your ques-

tion in private. 
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C) CRT questions: 

1. BBQ: A bat and a ball cost 1.10 Euro in total. The bat costs 1.00 Euro more than the ball. How 

much does the ball cost?  

2. Widgets: If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100 ma-

chines to make 100 widgets?  

3. Lake: In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 48 

days for the patch to cover the entire lake, how long would it take for the patch to cover half of 

the lake? 
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