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resources that are available for deliberation on a choice. In our experiment, subjects are
placed under a high cognitive load (given a difficult number to remember) or a low cogni-
tive load (given a number that is not difficult to remember). Subsequently, the subjects play
a one-shot game then they are asked to recall the number. This procedure is repeated for

f;;’“ssﬁcanon" various games. We find that the relationship between cognitive load and strategic sophis-
co1 tication is not persistent across classes of games. This lack of persistence is consistent with
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1. Introduction

Models of strategic sophistication have greatly improved our understanding of play in games.! These models posit that
subjects exhibit heterogenous sophistication in their thinking of the game. An open question relates to the origin of these
strategic levels and whether they arise from a specific trait of the subjects. A natural candidate for the source of the strategic
levels is the measured cognitive ability of the subject. This has prompted researchers to investigate the relationship between
measured cognitive ability and strategic sophistication.?

However, one difficulty in employing measures of cognitive ability is that subjects with different cognitive ability are
possibly also different in other ways. As such, it might not be possible to distinguish between an alternate hypothesis that
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an unobserved characteristic is responsible for the level of strategic sophistication, and cognitive ability is merely correlated
with this characteristic. Here, rather than measure cognitive ability, we manipulate the cognitive resources available to
the subject via cognitive load. Cognitive load experiments often direct subjects to make a decision in one domain while
simultaneously manipulating the cognitive resources available to reflect on the decision.

The cognitive load manipulation is designed to occupy a portion of the working memory capacity of the subject. Working
memory can be conceptualized as the cognitive resources available to temporarily store information so that it can be used in
decision making. Therefore, working memory is instrumental in the execution of deliberative thought.? Several studies have
found that measures of cognitive ability are positively related to measures of working memory capacity.* Further, reducing
the available working memory of a subject via cognitive load, reduces the cognitive resources available for deliberation, and
can be regarded as similar to the condition of having a diminished cognitive ability. Additionally, given the within-subject
design of our experiment, we are able to observe the behavior of each of the subjects in different cognitive load treatments.
As a consequence, our results are not possibly driven by unobserved characteristics that are only related to cognitive ability.>

We tested whether the cognitive load manipulation would produce uniformly less strategically sophisticated behavior.
However, we find that the relationship between cognitive load and strategic sophistication is not persistent across classes of
games. In our experiment, we directed subjects to play various one-shot games while under a cognitive load. In particular,
they played ten 3 x 3 games, a variation of the 11-20 game (Arad and Rubinstein, 2012), and a variation of the beauty
contest game (Nagel, 1995). We note that our version of the 11-20 game is relatively simple, the beauty contest is relatively
complicated, and the 3 x 3 games have various levels of complexity.

The subjects played these games under either a low or a high cognitive load. Subjects in the low load were directed to
commit a three digit binary number to memory and subjects under a high load were directed to commit a nine digit binary
number to memory. Subsequently, the subjects were asked to recall the number. Further, in some treatments subjects were
also informed about the load of their opponent.

The cognitive load manipulation is consistent with two effects. First, subjects under a high cognitive load can have
difficulty making the computations associated with optimal play. Second, subjects under a high load are aware of the first
effect and can decide to devote additional cognitive effort in order to mitigate this disadvantage. We find that the net result
of these two opposing effects depends on the strategic setting and is not persistent across different classes of games.

The first effect dominates the second effect when, in the relatively complicated beauty contest game, the subjects under
a high load selected less strategic actions. We also find that in relatively simple 3 x 3 games, subjects under a high load were
less likely to play their Nash equilibrium action than were subjects under a low load. These results identify settings in which
subjects under a high load were less strategically sophisticated than subjects under a low load.

On the other hand, the second effect dominates the first effect, where subjects under a high load selected a more strategic
response in the relatively uncomplicated 11-20 game. Additionally, in the beauty contest game, when subjects under a high
load were reminded of the distribution of the cognitive load of their opponents they were more sophisticated than subjects
under a high load who were not reminded. However, subjects under a low load were not affected by the reminder. These
results identify settings in which subjects under a high load were more strategically sophisticated than subjects under a low
load.

Overall, we find a relationship between available cognitive resources and strategic sophistication that is not persistent
across different classes of games. In order to better understand this lack of persistence, we also analyze beliefs in the 3 x 3
games. We find that the relationship between cognitive load and strategic actions is different from the relationship between
cognitive load and strategic beliefs. This suggests that actions and beliefs are less closely related than predicted by standard
game theory.

This lack of the persistence is also consistent with the recent findings of Georganas et al. (2015). These authors find
evidence that strategic sophistication can be largely persistent within a class of games but is not persistent across classes
of games. Our findings compliment this result in that we observe that the implications of available cognitive resources on
strategic behavior are not persistent across classes of games.

1.1. Related literature

The economics literature increasingly regards the brain as an object worthy of study in that, subject to its limitations
and heterogeneity across subjects, it is the source of economic behavior. This line of inquiry has investigated topics ranging
from the effects of sleep on strategic behavior (Dickinson and McElroy, 2010, 2012), to optimal search patterns (Sanjurjo,
2014, 2015), to neurological studies of the brain during choice (Coricelli and Nagel, 2009, 2012), to novel elicitation methods
designed to measure the reasoning of subjects (Agranov et al., 2015; Burchardi and Penczynski, 2014; Chen et al., 2013b;

3 See Alloway and Alloway (2013).

4 For instance, see Conway et al. (2003), Kane et al. (2005), Oberauer et al. (2005), and SiiRet al. (2002). See Burgess et al. (2011) and Cole et al. (2012) for
recent advances in understanding the neurological basis of this relationship.

5 We note that research finds that the cognitive load manipulation is more effective on subjects with a higher measure of cognitive ability (Carpenter
et al.,, 2013). However we do not find evidence of this in our setting. In every regression involving our measure of cognitive ability (self-reported grade
point average) we also run unreported specifications where we also include the interaction with the grade point average and the cognitive load. In only a
single specification do we find a significant interaction.
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Crawford, 2008). In particular, there is a growing literature that investigates the relationship between measured cognitive
ability and economic preferences® and the relationship between measured cognitive ability and behavior in games.” To the
extent that subjects under a high cognitive load are similar to the condition of having a low cognitive ability, our results
provide evidence on the relationship between cognitive ability and strategic sophistication.

There is an extensive literature on the cognitive load manipulation in nonstrategic settings. The research finds that subjects
under a high cognitive load are more impulsive and less analytical (Hinson et al., 2003), are more risk averse (Whitney et al.,
2008; Benjamin et al., 2013), are more impatient (Benjamin et al., 2013), make more mistakes on a forecasting task (Rydval,
2011), exhibit less self control (Shiv and Fedorikhin, 1999; Ward and Mann, 2000; Mann and Ward, 2007), fail to process
available information (Gilbert et al., 1988; Swann et al., 1990), are more susceptible to anchoring effects (Epley and Gilovich,
2006), perform worse on gambling tasks (Hinson et al., 2002), perform worse on visual judgment tasks (Morey and Cowan,
2004; Allen et al., 2006; Morey and Bieler, 2013; Zokaei et al., 2014; Allred et al., 2015), make different choices in allocation
decisions (Cornelissen et al., 2011; Schulz et al., 2014),% have different evaluations of the fairness of outcomes (Van den Bos
etal., 2006), have more difficulty telling a lie (van’t Veer et al., 2014), and exhibit choices that are more sensitive to the visual
salience of an object (Milosavljevic et al., 2012).9 This literature finds that the behavior under a cognitive load is consistent
with the condition that the subjects have fewer cognitive resources available for deliberative thought.

On the other hand, there are not many studies of strategic behavior that employ the cognitive load manipulation. To
our knowledge, Buckert et al. (2013), Cappelletti et al. (2011), Carpenter et al. (2013), Duffy et al. (2016), Duffy and Smith
(2014), Milinski and Wedekind (1998), Roch et al. (2000), and Samson and Kostyszyn (2015) are the only such examples. We
note that only Carpenter et al. is designed to investigate models of strategic sophistication in one-shot games. For instance,
Buckert et al. (2013) find that high load subjects in a repeated Cournout oligopoly game were more likely to employ the
imitation heuristic. Milinski and Wedekind (1998) find that high load subjects in the repeated prisoner’s dilemma game
employed less complicated strategies than low load subjects. Duffy and Smith (2014) find that low load subjects in a finitely
repeated multi-player prisoner’s dilemma game exhibited more defection near the end of play and they were better able
to condition their strategy on previous outcomes. However, these studies do not lend themselves to the study of strategic
sophistication, as the games are repeated and the subjects receive feedback.

In contrast, Carpenter et al. (2013) induced a differential cognitive load in subjects then observed their strategic sophis-
tication. The subjects played a sequential game that can be solved by backwards induction. The subjects were also asked to
provide both actions and beliefs in the beauty contest game. The authors find that high load subjects were less strategic in
that they were less able to perform backwards induction. Additionally, the authors find that high load subjects believed that
their beauty contest opponents would select a higher number and the authors observed a larger deviation from the best
response to these beliefs. Our most comparable result is that we find that subjects under a high load were less strategic in that
they selected a higher number in the beauty contest. While our beauty contest results coincide with those of Carpenter et al.,
we also find that, depending on the type of the game, subjects under a high load can be considered to be more sophisticated
than subjects under a low load.

We also note that there are methodological differences between Carpenter et al. and our paper. First, Carpenter et al.
employed a between-subjects design, whereby subjects were exclusively in a single cognitive load treatment. This design
introduces possible differences in payments across treatments since the memorization task was incentivized. By contrast,
we employ a within-subjects design, whereby each subject played some games under a high load and other games under
a low load. Therefore, the differences that we observe are not possibly driven by differences in the payments across the
cognitive load treatments.

2. Method

A total of 308 subjects participated in the experiment. The subjects were drawn from the experimental economics subject
pool at Rutgers University-New Brunswick and the sessions were conducted in the Wachtler Experimental Economics Lab-
oratory. The experiment was programmed and conducted with the software z-Tree (Fischbacher, 2007).1° Sessions lasted
from 60 to 75 min.

6 See Andersson et al. (2015), Beauchamp et al. (2011), Benjamin et al. (2013), Ben-Ner et al. (2004), Brafias-Garza et al. (2008), Brandstitter and Giith
(2002), Burks et al. (2009), Chen et al. (2013a,b), Cokely and Kelley (2009), Dohmen et al. (2010), Frederick (2005), Millet and Dewitte (2007), Oechssler
et al. (2009), and Ponti and Rodriguez-Lara (2015). See Arrufiada et al. (2015) and Dittrich and Leipold (2014) for the relationship between measures of
strategic behavior and social preferences.

7 See Ballinger et al. (2011), Baghestanian and Frey (2015), Bayer and Renou (2012), Brafias-Garza et al. (2012), Brafias-Garza et al. (2011), Carpenter
etal. (2013), Chen et al. (2014, 2013b), Fehr and Huck (2015), Gill and Prowse (2015), Grimm and Mengel (2012), Hanaki et al. (2015), Jones (2014, 2008),
Kiss et al. (2015), Palacios-Huerta (2003), Proto et al. (2014), Putterman et al. (2011), Rydval (2011), Rydval and Ortmann (2004), and Schnusenberg and
Gallo (2011).

8 Although Hauge et al. (2015) does not find an effect.

9 Deck and Jahedi (2015) study several effects at a time and find that subjects under a cognitive load are less patient, more risk averse, perform worse
on arithmetic tasks, and are more prone to anchoring effects.

10 The z-Tree code is available from the corresponding author upon request.
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2.1. Specification of the games

We directed subjects to play ten 3 x 3 games, an adaptation of the 11-20 game, and an adaptation of the beauty contest
game. The subjects were not given feedback about the outcomes of the games. The subjects were told that they would be
randomly and anonymously rematched in each of the games.

First, we directed subjects to play 10 simultaneous action 3 x 3 games. These games are simplified versions of games used
by Costa-Gomes and Weizsacker (2008), Rey-Biel (2009), and Bayer and Renou (2012). In these games, each subject was
matched with another subject and both made a selection among three possible actions. In addition to selecting an action,
we also elicited the point beliefs'! of the subjects about the action of the other player.

Each of the 3 x 3 games has an original version (labeled A) and a transposed version of the original game (labeled B). In
other words, the A and B versions are strategically similar but the roles have been reversed. Fig. 1 illustrates the ten 3 x 3
games. From the perspective of the games as specified in Fig. 1, subjects played all 10 games as either a row or a column
player. Therefore, each subject played both roles in each of the 5 strategically similar games. We note that the game was
always presented so that the subject was the row player and the opponent was the column player. As a result, every player
selected among actions labeled Top, Middle, and Bottom, and selected beliefs about the action of the opponent that were
labeled Left, Center, and Right. We employed 4 different orderings of these 10 games. Throughout the experiment, 10 points
were equivalent to $3.50. If the subject’s beliefs of the opponent’s action matched the opponent’s action, the subject was
rewarded with 4 points.!2

We also used a variant of the 11-20 game (Arad and Rubinstein, 2012). Subjects were randomly matched with another
subject and selected an integer between 1 and 10. The subjects received the amount selected, however, the subject received
a bonus of 10 points if they selected a number exactly one digit lower than their opponent. Hereafter, we refer to this game
as the 1-10 game.

Finally, we employed a version of the beauty contest game (Nagel, 1995). Each subject selected a half-integer between 0
and 10. The subject who selected the number closest to 2/3 of the average in the session received $30.

2.2. Memorization task

Before play in every game, the subjects were given up to 15s to commit a number to memory. The subjects were told
that after the game, they would be asked for the number. These numbers were always composed of a string of either O or 1,
and the first digit was always 1. In the high load treatment, we required the memorization of a 9 digit string, for example:
101110001. In the low load treatment, we required the memorization of a 3 digit string, for example: 110. We employed a
within-subject design, whereby the subjects faced an alternating load of high and low. Half of the subjects were given the
high load first and half were given the low load first. A new number was randomly given in each of the games. The subjects
were not given feedback about the results of the memorization task.

2.3. Controlling for beliefs

Of the 308 subjects, 144 were given information about the load of their opponent in the 3 x 3 games and the 1-10 game.!?
This took the form of a screen that stated that the other player “will have to remember a: Big (Small) Number.” Additionally,
during the decision in the 3 x 3 games, the subjects were also reminded of the load of their opponent.'# In order to give
subjects a consistent sequence of stimuli, prior to the beauty contest game, these subjects were shown a screen that stated
that roughly 50% of the other subjects were given a big number and roughly 50% were given a small number. In order to
minimize the effect of the load on processing this information, the subjects were informed of the load of their opponent
prior to the memorization task.

2.4. Experimental timeline and details

Before the incentivized portion of the experiment, we provided four unincentivized tasks: two practice memorization
tasks and two simple addition tasks. First, the subjects were given two unincentivized practice rounds with the memorization
task, one with a large number and one with a small number. Then, in order to illustrate the extent to which the loads can
affect the ability to make basic computations, we provided a memorization number, then we directed the subjects to sum
two randomly selected integers between 11 and 40, then we asked for the memorization number. The subjects performed
this addition task under both a low and a high cognitive load.

11 Here we measure beliefs by allowing the subject to select only a single possible action of the opponent. There exist more complicated procedures. For
instance, one could elicit a distribution of the likelihood of the possible actions of the opponent.

12 See Appendix A or a screenshot from the 3 x 3 games.

13 For studies that have controlled for or manipulated beliefs, see Agranov et al. (2012), Alaoui and Penta (2015), de Sousa et al. (2013), Georganas et al.
(2015), Palacios-Huerta and Volij (2009), and Slonim (2005).

14 See Appendix A for a screen shot.
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Games 1A and Game 1B: both players have 2 dominated strategies. The game is adapted
from Game 1 of Bayer and Renou (2012).

Game 1A Game 1B
Left Center Right Left Center Right
Top 8,4 57 3,6 Top 2,8 3,1 8,7
Middle | 6,8 4,9 1,2 Middle | 6,6 4,3 9,5
Bottom | 7,1 2,5 2,4 Bottom | 5,4 1,1 7,3

Games 2A and 2B: one player has a dominated strategy and the other player has two. The
game is adapted from Game 3 of Bayer and Renou (2012).

Game 2A Game 2B
Left Center Right Left Center Right
Top 8,8 3,5 1,9 Top 4,5 6,3 7,7
Middle | 9,2 5,3 6,4 Middle | 3,9 9,8 2,4
Bottom | 4,1 7,6 2,8 Bottom | 5,6 | 10,1 9,2

Games 3A and 3B: one player has two dominated strategies, the other player does not
have any dominated strategies. The game is adapted from Game VS1R of Rey-Biel (2009).

Game 3A Game 3B
Left Center Right Left  Center Right
Top Lo 2.6 | 43 Top 10,2 2,10 | 7,11
Middle | 4,4 5,4 5,4 Middle 7,3 6,4 7,10
Bottom | 7,3 7,5 6,8 Bottom | 6,6 1,7 9,8

Games 4A and 4B: one player has one dominated strategy, other player does not have a
dominated strategy. The game, adapted from Game VS2R of Rey-Biel (2009), is dominance

solvable.
Game 4A Game 4B
Left Center Right Left Center Right
Top 6,6 4,8 4,9 Top 11,1 1,8 7,5
Middle | 4,8 11,3 3,5 Middle | 4,8 4,8 1,11
Bottom | 1,10 10,6 3,8 Bottom | 6,5 57 2,5

Games HA and 5B: neither player has a dominated strategy. The game is adapted from
Game VSNDR of Rey-Biel (2009).

Game 5A Game 5B
Left Center Right Left  Center Right
Top 8,6 2,6 1,11 Top 3,10 5,5 3,9
Middle | 4,6 7,6 3,6 Middle | 4,9 2,9 4.9
Bottom | 2,7 2,5 4,4 Bottom | 9,5 3,8 2,7

Fig. 1. Specification of the 3 x 3 games. The payoffs in the Nash Equilibria are denoted in bold.

Subsequently, we provided the subjects with a basic understanding of 3 x 3 games.!> We then directed the subjects to
play the 3 x 3 games under a differential cognitive load. Before each of these games, we gave the subjects the memorization
number, then we presented the game, then we asked for the memorization number. The instructions stated that, should the
subject perform X of the 10 memorization tasks correctly in the 3 x 3 games then the computer would randomly select the
maximum of either 0 or X — 7 outcomes of the 3 x 3 games for payment. In other words, if the subject correctly performed 10
of the 10 memorization tasks then the subject would be paid for 3 randomly selected games. If the subject correctly performed
9 memorization tasks then the subject would be paid for 2 games. If the subject correctly performed 8 memorization tasks
then the subject would be paid for 1 game. If the subject correctly performed 7 or fewer memorization tasks then the subject

would not receive payment for these games.

15 These instructions are available from the corresponding author upon request.
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Between each of the ten 3 x 3 games, the subjects were forced to take a 20 s rest. During this rest period the subjects were
not able affect the screen that read, “Rest!!! Because a new game will start soon.”

After the 3 x 3 games, the subjects were directed to play the 1-10 game and the beauty contest game, under the alternating
cognitive load that continued from the previous stage. The subjects were told that they would be paid the amount of the
1-10 game and the beauty contest game only if the memorization task was performed correctly for both of these games.
Note that we did not load the subjects when they were reading the instructions for the 1-10 game and the beauty contest
game.

After the beauty contest memorization task was completed, the subjects were directed to indicate their gender, whether
they are an economics major, whether they have taken a game theory course, an optional estimate of their grade point
average'® (GPA), and a rating of the difficulty in recalling the large and the small memorization numbers. These difficulty
ratings were elicited on a scale of 1 (“Very Difficult”) to 7 (“Not Very Difficult”). Subsequently, the subjects were told their
amount earned and they were paid in cash. The subjects earned an average of $17.67 (SD=6.11).

2.5. Discussion of the experimental design

First, we employ a within-subject design, rather than a between-subject design. This is notable because research suggests
that the effects of the cognitive load manipulation can be lasting (Dewitte et al., 2005). In order to mitigate the effects of the
load of previous rounds, we employed a mandatory rest-period between games. While we cannot say whether our subjects
exhibited any cognitive load carry-over effects from the load in previous periods, this possibility does not threaten our results
because this would only serve to diminish the differences between the cognitive load treatments. Our results would only be
strengthened if we could completely remove any carry-over effects. Second, unlike Duffy and Smith (2014), which employed
a memorization number composed of digits ranging from 0 to 9, we restrict attention to numbers composed exclusively of
either O or 1. This design was intended to mitigate the interaction between the game payoff numbers and the memorization
task numbers.

While we could observe that subjects were not able to employ any obvious memorization aids (cell phones, writing
the number on paper, etc.) we cannot say with certainty that no subject used a memorization aid. For instance, with an
appropriate positioning of the free body parts (feet, legs, elbows, wrists, and fingers on left hand) one could possibly devise a
code to aid memorization.!” In our view, this possibility is not as advantageous as it first appears. This is because the subject
must also remember the code, and this will occupy cognitive resources. Further, similar to the possibly of an insufficient rest
period, our results would only be strengthened if we could exclude subjects who possibly employed a memorization aid.

Additionally, we designed the experiment so that the responses to the games were as simple as possible. For instance,
in the 3 x 3 games we elicited the point beliefs of the action of the opponent rather than more sophisticated measures of
beliefs. This procedure has a drawback that our beliefs measure is coarse. On the other hand, the task is sufficiently simple
so that the memorization task was not likely to affect the ability to comply with the elicitation procedure. Additionally, we
elicited responses to the beauty contest, which were the 21 half-integers between 0 and 10 rather than, as is more standard,
the integers or real numbers between 0 and 100. More generally, we designed the experiment so that every response in
the games took a different format than that required for the memorization task. In the 3 x 3 games, the 1-10 game, and the
beauty contest game, the responses involved clicking on the corresponding button, whereas the memorization task required
entering a sequence of digits. Additionally, we did not load the subjects during the instructions of the 1-10 game and the
beauty contest game because this could reduce the comprehension of the instructions.'®

We employed a simplified version of the 3 x 3 games originally used by Costa-Gomes and Weizsacker (2008), Rey-Biel
(2009), and Bayer and Renou (2012). The original games have integer payoffs that range from 10 to 98. We employed a
simplified version where payoffs are integers that range from 1 to 11. This design was intended to reduce the computational
difficulty in deciding on an action.

We now discuss the equilibrium details of the games. The 3 x 3 games each have a single pure strategy Nash Equilibrium.
The 1-10 game does not have a pure strategy equilibrium, but has a unique mixed strategy equilibrium. In equilibrium,
the player selects 10 with probability 0.1, 9 with probability 0.2, 8 with probability 0.3, and 7 with probability 0.4. The
beauty contest game has a Nash Equilibrium where every player selects 0.'? Although the 1-10 game has a mixed strategy
equilibrium, the beauty contest is a more complicated game. First, there are several opponents in the beauty contest game,
whereas there is only a single opponent in the 1-10 game. Second, the best response in the 1-10 game is obvious: select one
fewer than your opponent. This is in contrast to the beauty contest where calculating the best response is less straightforward.
Finally, there are different decision rules in the beauty contest: the pure strategy Nash Equilibrium or successive elimination
of dominated strategies. By contrast, in the 1-10 game there is only a single decision rule: select one fewer than your
opponent. This is because the game neither possesses a pure strategy Nash Equilibrium nor a dominated strategy.

16 Grade point average ranges from 0.0 to 4.0.

17 We did not ask the subjects about their use of these or other memorization aids.

18 We acknowledge that this design leaves open the possibility that the subject could decide on an action during the instruction stage, thereby reducing
the efficacy of the cognitive load.

19 Due to the discrete nature of the action space, there is another equilibrium where every player selects 0.5.
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Table 1
Distribution of actions in 1-10 and 11-20 games.

11-20 game, n=108

Action 11 12 13 14 15 16 17 18 19 20
4% 0% 3% 6% 1% 6% 32% 30% 12% 6%
1-10 game, n=308
Action 1 2 3 4 5 6 7 8 9 10
1% 0% 1% 2% 2% 5% 12% 37% 21% 19%
3. Results

3.1. A preliminary look at the cognitive load effects

The subjects reported a significant difference in the difficulty in recalling the large number (Mean=5.93, SD=1.23) and
the small number (Mean=6.83, SD=0.52) according to a Wilcoxon signed-rank test, W=6798.5, p<0.001. There are also
significant differences between the treatments in the length of time that they spent committing the number to memory.
Recall that the subjects were given up to 15 s in order to commit the number to memory.2° The subjects under a low load had
significantly more of the 15 s remaining (Mean = 12.80, SD = 2.96) than the subjects under a high load (Mean=4.83,SD=4.27),
according to a Wilcoxon-Mann-Whitney rank-sum test, Z=46.70, p<0.001. The subjects were each given 12 incentivized
memorization tasks, 6 as high load and 6 as low load. Subjects in the low load were correct in 99.03% (1830 of 1848) of the
attempts and the subjects in the high load were correct in 96.75% (1788 of 1848) of the attempts.?! Of the 308 subjects, 249
correctly performed all 12 memorization tasks, 46 correctly performed 11, 8 correctly performed 10, 4 correctly performed
9, and 1 correctly performed 8.

Despite these differences between the treatments, we do not find evidence that the subjects in the high load treatment
were unusually impaired. Recall that we posed 2 simple, unincentivized arithmetic questions to each subject, one under a
high load and one under a low load. Given 616 arithmetic questions, only 21 incorrect responses were given, 14 under the
high load and 7 under the low load. These are not significantly different (x2(1)=2.42, p=0.12). Thus, we do not find evidence
that the high load significantly impaired the subjects.

3.2. The 1-10 game

In Table 1, we present the distribution of actions in the 1-10 game and that from the original 11-20 game (Arad and
Rubinstein, 2012). In Fig. 2 we characterize the distribution of the choices under high and low load.

It would seem natural that the least sophisticated subject (LO) would select 10. The subject who best responds to the
LO subjects (L1) would select 9. The subject who best responds to L1 subjects (L2) would select 8, and so on. As such, the
response is negatively associated with the strategic sophistication of the subject.

We now analyze actions in the 1-10 game. As the response in the 1-10 game is bounded above at 10 and below at 1,
we perform tobit regressions with the action as the dependent variable, subject to these bounds.?? Throughout the analysis,
we include a dummy variable indicating whether the 1-10 game was played under a high load. Additionally, we include
a dummy variable indicating whether the subject had taken a game theory course, whether the subject reported being an
economics major, and whether the subject is female. We refer to this collection of variables as Demographics. We also account
for self-reported GPA. Recall that a response to GPA was optional and only 216 of 308 subjects provided a response.

In one condition, which we refer to as the No information condition, subjects were not told the load of their opponent. In
the other condition, which we refer to as the Information condition, subjects were told the load of their opponent. In the first
two regressions, we restrict attention to the No information condition. In the second two regressions, we restrict attention
to the Information condition. In the Information regressions, we include a dummy variable indicating whether the subject
was told that their opponent was under a high load, and the interaction of this dummy with their own load. These variables
are, respectively, Opponent HL and Opponent HL * High load. In the last two regressions, we analyze the pooled data. Here
we include a variable indicating whether the observation was in the Information condition or not, in addition to the relevant
interaction with the load. We summarize this analysis in Table 2.

We find that in the sessions where the subjects were not given information about the load of their opponent, subjects
under a high load selected a more sophisticated response. Further, in the pooled data, we find evidence that subjects under a
high load were more sophisticated. However, we cannot conclude that there is a relationship between the load and behavior

20 The z-Tree output specified the time remaining when the Click to Proceed button was pressed. However, there were instances where the output
suggested that the decision was made with 99,999 s remaining. This output seems to have occurred if the “Click to Proceed” button was pressed before the
clock could begin. In the stage in which the number was given to the subjects, we recoded the 3 instances of the 99,999 output as 16, because 15s were
allotted.

21 According to a chi-square test, these are significantly different, x2(1)=23.10, p<0.001.

22 We run tobit regressions since 28 of the 164 subjects in the No information condition selected the upper bound of 10 and 2 selected the lower bound
of 1. Additionally, 29 of the 144 subjects in the Information condition selected the upper bound and 1 selected the lower bound.
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Fig. 2. Number of subjects that selected each of the available actions in the 1-10 game.
Table 2
Tobit regressions: choice in the 1-10 game.
No information Information Pooled
(1) (2) (3) (4) (5) (6)
High load -0.631" ~0.526 —0.606 ~0.767 -0.641" -0.537
(0.286) (0.308) (0.493) (0.604) (0.304) (0.363)
Self-reported GPA - 0.210 - 0.610 - 0.411
(0.391) (0.561) (0.336)
Opponent HL - - 0.00985 -0.195 - -
(0.491) (0.611)
Opponent HL *High load - - 0.570 0.872 - -
(0.696) (0.867)
Information - - - - —0.205 -0.197
(0.314) (0.362)
Information * High load - - - - 0.353 0.218
(0.445) (0.520)
Demographics Yes Yes Yes Yes Yes Yes
Observations 164 112 144 104 308 216
—2 Log Likelihood 597.84 383.06 546.42 395.19 1148.44 789.02

The tobit regressions are performed with an upper bound of 10 and a lower bound of 1. We do not provide the estimates of the intercepts or the individual
demographics variables. Note that * denotes significance at p<0.1, " at p<0.05, and ™" at p<0.01.

in the Information condition. We also note that the GPA variable is not significant in any specification. Additionally, in the
Information regressions we do not find evidence that the content of the information of the load of the opponent affected
behavior. As we do not find evidence that information about the opponent’s load was related to behavior, we do not include
it in the analysis of the pooled data. Finally, we note that neither the Information nor the Information*High load variables
are significant.?

3.3. The beauty contest game

Recall that lower responses in the beauty contest are associated with greater strategic sophistication. Also recall that the
action space in our beauty contest was the half-integers between 0 and 10. We characterize the distribution of choices by
load in Fig. 3.

23 As stated in the introduction, for every regression that includes the GPA variable, we also ran specifications with the interaction of the high load and
GPA variables. The specification associated with regression (6) in Table 2 is the only specification where the interaction is significant (p = 0.09).
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Fig. 3. Number of subjects that selected each of the available actions in the beauty contest game.

Table 3
Tobit regressions: choice in the beauty contest game.
No information Information Pooled
(1) (2) (3) (4) (5) (6)
High load 0.625 0.933" -0.716" —-0.762" 0.644 0.788"
(0.384) (0.432) (0.329) (0.382) (0.357) (0.418)
Self-reported GPA - —2.076™" - —0.0842 - -1.057"
(0.547) (0.507) (0.387)
Information - - - - 0.328 0.267
(0.368) (0.432)
Information * High load - - - - -1.3217 —1.467"
(0.520) (0.598)
Demographics Yes Yes Yes Yes Yes Yes
Observations 164 112 144 104 308 216
-2 Log Likelihood 742.74 490.19 600.92 431.48 1362.66 941.87

The tobit regressions are performed with an upper bound of 10 and a lower bound of 0. We do not provide the estimates of the intercepts or the individual
demographics variables. Note that * denotes significance at p<0.1, " at p<0.05, and ™" at p<0.01.

We note that 33% of the subjects (101 of 308) played a dominated strategy of 7 or higher. However, we note that the
number of subjects under a high load who selected a dominated strategy (52) is not different than the number of subjects
under a low load who selected a dominated strategy (49).%4 This suggests that the results that follow are not driven by
dominated actions.

Because of the bounded nature of the action space, we run tobit regressions with choice in the beauty contest as the
dependent variable, subject to these bounds.?” In the Information condition for the beauty contest, the subjects were simply
reminded of the distribution of the loads within the session. As a result, for the Information condition regressions, we do not
include a variable indicating the load of their opponent. The analysis is otherwise equivalent to that summarized in Table 2
and is summarized in Table 3.

In regression (2) of the No Information regressions and in the pooled regressions, we find evidence that subjects under
the high load were less strategic than subjects under a low load. However, we find evidence that subjects in the Information
condition under high load were more strategic than subjects under a low load. This is consistent with the view that the
information about the distribution of the cognitive load was used by the subjects under a high load but not by the subjects
under a low load. In other words, here we find evidence that subjects under a high load better used information than the

24 According to a chi-square test, x?(1)=0.13, p=0.72.

25 Despite that in our sample, only 8 subjects selected the upper bound and none selected the lower bound, we run tobit regressions. We do so in order
to facilitate the comparison to the analysis of the 1-10 behavior. Further, the tobit results are similar to those with an OLS specification. The OLS analysis
is available from the corresponding author upon request.
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Table 4
Data for 3 x 3 games.
Mean
Nash action 0.572
Nash beliefs 0.511

The means are reported for the dummy variables used
in our analysis of the 3 x 3 games. Both means are cal-
culated from 3080 observations.

subjects under a low load. We also find that higher GPA subjects selected a more strategic response in the No Information
condition and in the pooled data. However, we do not find such a relationship in the Information condition.

We acknowledge that the guesses in our beauty contest game exhibit a puzzlingly large fraction of high guesses.26 As
responses in the 1-10 game are expected to be higher than responses in the beauty contest game, we conjecture that the
subjects used their response in the 1-10 game as an anchor for their response in the beauty contest. Unfortunately, the
design of this experiment does not permit us to test this conjecture.

3.4. The 3 x 3 games

We introduce the two dependent variables that we will use to characterize strategic sophistication in this setting. The
first variable, Nash action, obtains a value of 1 if the subject played the action consistent with the Nash equilibrium, and a 0
otherwise. The second variable, Nash beliefs, obtains a value of 1 if the subject reported the belief that their opponent would
play their Nash action, and a 0 otherwise. The means for these variables are reported in Table 4.27

We now conduct an analysis with Nash action as the dependent variable. Since the 3 x 3 games are heterogenous, we
include two measures to control for the heterogeneity. One independent variable specifies the number of the subject’s own
dominated strategies. This variable ranges from O to 2. Another independent variable specifies the number of the dominated
strategies of their opponent. This variable also ranges from 0 to 2. We account for the load by employing a high load dummy
variable. We also consider the demographic variables and the self-reported GPA. Additionally, we include controls for the
information given to the subject. In particular, we control for the case that the subject was not given any information about
the load of their opponent, whether the subject was told that their opponent was under a high load, or whether the subject
was told that their opponent was under a low load. From this categorical variable, we are able to determine the behavioral
effects of the information about the load of the opponent.

Since we have 10 observations for every subject, we employ a random-effects repeated measures analysis. We estimate
an exchangeable covariance matrix, clustered by subject. In other words, we assume a unique correlation between any
two observations involving a particular subject. However, we assume that observations involving two different subjects
are statistically independent. The regressions are estimated using Generalized Estimating Equations (GEE). Since GEE is
not a likelihood-based method, Akaike’s Information Criterion is not available. Therefore, we provide the Quasilikelihood
information criterion (QIC).2®> We summarize this analysis in Table 5.

We find that the likelihood that subjects played an action consistent with the Nash equilibrium was increasing in the
number of their dominated strategies. We also find that subjects under a high load were less sensitive to the changes in the
number of their own dominated strategies than subjects under a low load. Also we note the positive relationship between
GPA and playing the Nash equilibrium action.2?-3°

While Table 5 suggests a relationship between the load of the subject and the likelihood of playing the Nash equilibrium
action, the analysis does not readily lend itself to comparison with the analyses of the 1-10 and beauty contest games.
We therefore conduct a similar analysis to that summarized in Table 5, but restrict attention to observations in games that
are relatively less complex and observations in games that are relatively more complex. To accomplish this we perform
two regressions where we restrict attention to the observations from games where the subject had 1 or 2 dominated
strategies. We also perform two regressions where we restrict attention to the observations from games where the subject
had 0 dominated strategies. Finally, we perform two regressions on the pooled data and we include a dummy variable that
indicates whether the observation was associated with a game where the subject had 1 or 2 dominated strategies, and an
interaction with this dummy and the high load dummy. In a sense, one could regard the first two regressions as offering a

26 We run additional regressions that exclude the subjects that selected a dominated strategy (7 or higher). These results are robust to this specification
and are available from the corresponding author upon request.

27 These values within each game and cognitive load treatment are presented in Table A1 in Appendix A.

28 For more on QIC, see Pan (2001).

29 Although not reported in Table 5, we do not find evidence that either the content or the existence of a message about the load of the opponent affected
behavior, as measured by the Nash action variable.

30 We have also analyzed specifications that investigate possible order effects and specifications that account for the round (from 1 to 10) in which the
game was played. The qualitative results are not changed under either sets of specifications. Additionally, we do not find order effects, however we find
that subjects in higher rounds are significantly more likely to play their Nash action. These regressions are available from the corresponding author upon
request.
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Table 5
Random-effects logistic regressions: Nash action.
(M (2) (3)
High load —0.068 -0.061 -0.234
(0.209) (0.211) (0.238)
Own dominated strategies 0.716™ 0.723" 0.786™
(0.0627) (0.063) (0.078)
Other dominated strategies 0.320" 0.323" 0.309
(0.060) (0.060) (0.075)
High load * Own dominated strategies -0.162" -0.163" -0.213"
(0.077) (0.078) (0.092)
High load * Other dominated strategies 0.147 0.149 0.190
(0.084) (0.085) (0.107)
Self-reported GPA - - 0.297"
(0.136)
Demographics No Yes Yes
Observations 3080 3080 2160
QIC 3842.74 3821.28 2664.19

The random-effects regressions estimate an exchangeable covariance matrix, clustered by subject. We do not provide the estimates of the intercepts, the
individual demographics variables, the covariance estimates, or the effects due to the information of the load of the opponent. Regressions (1) and (2) have
3080 observations (308 subjects in 10 periods) and regression (3) has 2160 observations (216 subjects in 10 periods). QIC refers to the Quasi-likelihood
information criterion. Finally, * denotes significance at p<0.1, " at p<0.05,and ™ at p<0.01.

Table 6
Random-effects logistic regressions: Nash action.
Own DS 1 or 2 Own DS 0 Pooled
(1) 2) (3) (4) (5) (6)
High load -0.287" -0.392™" 0.0067 —-0.039 0.0067 —-0.038
(0.086) (0.101) (0.114) (0.136) (0.114) (0.136)
Own DS12 - - - - 11777 1.244™
(0.104) (0.125)
Own DS12 *High load - - - - -0.294" -0.354"
(0.124) (0.144)
Self-reported GPA - 0.310° - 0.237 - 0.280"
(0.173) (0.180) (0.1278)
Demographics Yes Yes Yes Yes Yes Yes
Observations 1848 1296 1232 864 3080 2160
QIC 2332.07 1626.33 1677.03 1175.70 4003.21 2796.27

The random-effects regressions estimate an exchangeable covariance matrix, clustered by subject. We do not provide the estimates of the intercepts, the
individual demographics variables, or the covariance estimates. QIC refers to the Quasi-likelihood information criterion. Finally, " denotes significance at
p<0.1,” at p<0.05,and " at p<0.01.

relatively simple strategic setting, similar to the 1-10 game observations. One could also regard the second two regressions
as offering a relatively complex strategic setting, similar to the beauty contest observations. This analysis is summarized in
Table 6.

In the relatively simple 3 x 3 games, subjects under a high load were less likely to play their Nash action. We also find that
in these relatively simple games, higher GPA subjects were more likely to play their Nash action. We contrast these results
with the analysis of the 1-10 observations, which were summarized in Table 2. There we found evidence that subjects under
a high load were more sophisticated than subjects under a low load. Additionally, we did not find evidence of a relationship
between GPA and behavior in the 1-10 game.?!

In relatively complicated 3 x 3 games, subjects under a high load were no more likely to play their Nash action than were
subjects under a low load. Also, we do not find a relationship between GPA and Nash action in the relatively complicated
games. We contrast these results with the analysis of the beauty contest observations, which were summarized in Table 3.
There we found that subjects under a high load were less sophisticated than subjects under a low load. Additionally, we
found evidence that higher GPA subjects were more strategic in the beauty contest game.3?

Comparing the analyses summarized in Tables 2, 3, and 6, it becomes apparent that the implications of the cognitive load
are not persistent across classes of games. In order to better understand this lack of persistence, we perform the analysis
identical to that summarized in Table 6 but we employ Nash beliefs, rather than Nash action, as the dependent variable. This
analysis is summarized in Table 7.

31 We also note that Table A2 conducts the analysis of the first two regressions in Table 6 but restricted to the Information and No information treatments.
Unlike the analysis from the 1-10 game in Table 2, we do not find evidence that these treatments affected behavior according to the Nash action measure.

32 We also note that Table A3 conducts the analysis summarized in Table 6 but restricts attention to the Information and No information treatments.
Unlike the analysis from the beauty contest game, these treatments do not affect behavior according to the Nash action measure.
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Table 7
Random-effects logistic regressions: Nash beliefs.
Own DS 1 or 2 Own DS 0 Pooled
(1) () (3) (4) (5) (6)
High load —-0.098 -0.148" 0.325" 0.328" 0.325" 0.330°
(0.073) (0.088) (0.146) (0.173) (0.147) (0.174)
Own DS12 - - - - 0.926™" 0.936™
(0.105) (0.120)
Own DS12 *High load - - - - —-0.424™" -0.477"
(0.158) (0.181)
Self-reported GPA - 0.490™" - 0.123 - 0.344™
(0.159) (0.144) (0.125)
Demographics Yes Yes Yes Yes Yes Yes
Observations 1848 1296 1232 864 3080 2160
QIC 2513.57 1758.07 1661.72 1168.93 4171.46 2924.91

The random-effects regressions estimate an exchangeable covariance matrix, clustered by subject. We do not provide the estimates of the intercepts, the
individual demographics variables, or the covariance estimates. QIC refers to the Quasi-likelihood information criterion. Finally, * denotes significance at
p<0.1," at p<0.05,and " at p<0.01.

We find that in the relatively simple games there is only weak evidence that the subjects under a high load exhibited
different beliefs than the subjects under low load. However, in the relatively complex games, we find that the subjects under
a high load believed that their opponents were more sophisticated than did the subjects under a low load. Further, we note
that the relationship between cognitive load and strategic sophistication, as measured by Nash action, is different from the
relationship between cognitive load and strategic sophistication, as measured by Nash beliefs. This suggests that beliefs and
actions might not be as closely related as standard game theory would predict.

4. Conclusion

We have described an experiment where subjects played different games while under a cognitive load. These games
included ten 3 x 3 games, the 1-10 game, and the beauty contest game. Through our single cognitive load manipulation
we observed that the relationship between cognitive load and strategic sophistication was not persistent across different
classes of games.

In the relatively complicated beauty contest game, we observe that subjects under a high load played less strategically.
We also find that in relatively simple 3 x 3 games, subjects under a high load were less likely to play their Nash equilibrium
action than were subjects under a low load. These are settings in which subjects under a high load were less strategic than
subjects under a low load.

On the other hand, in the relatively uncomplicated 1-10 game we observe that subjects under a high load selected a more
strategic response than subjects under a low load. Additionally in the beauty contest game, subjects under a high load who
were reminded of the distribution of the load of their opponents selected a more strategic action than the subjects under a
high load who were not reminded of the distribution. However, this relationship does not exist among subjects under a low
load. These are settings in which subjects under a high load were more strategic than subjects under a low load.

In order to better understand this lack of persistence across games, we also analyze beliefs in the 3 x 3 games. We find that
the relationship between cognitive load and actions is different than the relationship between cognitive load and beliefs.
This suggests that actions and beliefs are not as closely related as predicted by standard game theory. These results are
consistent with the view that the allocation of cognitive effort to the deliberation of actions and beliefs is performed in a
parallel fashion.

Our evidence suggests that constraints on cognitive resources can affect both the computations involving optimal behav-
ior and the perception of the subjects’ relative standing in the distribution of available cognitive resources. To the extent
that subjects under a high cognitive load are similar to the condition of having a diminished cognitive ability, our results
suggest that a lower measure of cognitive ability will not necessarily produce less sophisticated behavior, particularly when
the ability to make the necessary computations is not a binding constraint.?>

We hope that our findings are helpful in the efforts to improve models of strategic sophistication. One promising proposal
is that subjects, given a cognitive cost of computing higher levels of strategic reasoning, select an optimal level of strategic
reasoning (Alaoui and Penta, 2015). Consistent with this model, there is evidence that subjects respond to an increase in
incentives and an increase in the perceived sophistication of their opponent by selecting a more sophisticated action.>* Our
results suggest that an increase in the cost of reasoning could actually increase the observed sophistication in some settings
but it is not obvious when this will be the case.

33 See Gigerenzer and Brighton (2009) for more on the non-monotonic relationship between computational capacity and rational behavior.
34 Cubel and Sanchez-Pages (2014) study the gender differences in the response to incentives in the beauty contest.
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Additionally, we hope that this research will encourage the use of the cognitive load manipulation in any setting in which
cognition plays a crucial role in behavior. Perhaps the most obvious application of cognitive load is in the rational inattention
literature.> Rational inattention models assume that decision makers are unable to process all available information, how-
ever they optimally allocate their limited attention. It would seem profitable to investigate these models in the laboratory
by manipulating the limits of attention via cognitive load.

We acknowledge that there is much work to be done on this topic. For instance, we were not able to observe the order
in which the subjects provided their actions and their beliefs. In the future, it would be interesting to observe if there is a
relationship between the cognitive load manipulation and the order of the selection of actions and beliefs. We also hope to
learn whether there is a differential effect of not eliciting beliefs. Perhaps the elicitation of beliefs reminds the subjects under
a high load to devote cognitive effort, where that effort would possibly not occur if beliefs were not elicited. We also do not
know if a different means of controlling for beliefs would lead to qualitatively similar behavior. Further, as we controlled
for beliefs, we also affected higher order beliefs. A careful experimental setup could help distinguish between the effects
of first order and higher order beliefs. Additionally, although we did not observe order effects within the 3 x 3 games, our
design does not allow us to test for order effects related to the 1-10 and beauty contest games. We are interested to learn
if such order effects can be observed. Finally, we are interested to learn the implications of a more difficult high load (more
than 9 binary digits) and a less difficult low load (less than 3 binary digits) because it is not obvious to us that a monotonic
relationship would emerge.

Appendix A.
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Fig. A1. The screen during 3 x 3 games without information of the load of the opponent.

35 See Sims (2003), Reis (2006), Ma¢kowiak and Wiederholt (2009), Wiederholt (2010), Bordalo et al. (2014), Dahreméller and Fels (2015), and Persson
(2012). See Cheremukhin et al. (2015) for an experiment involving rational inattention.
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Fig. A2. The screen during 3 x 3 games with information of the load of the opponent.
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Table A1
Summary statistics for 3 x 3 games.

Game/role Nash action Nash beliefs

High Low High Low
1A Row 0.78 0.73 0.81 0.75
1A Column 0.77 0.85 0.76 0.71
1B Row 0.83 0.88 0.73 0.75
1B Column 0.68 0.68 0.79 0.78
2A Row 0.69 0.73 0.64 0.67
2A Column 0.55 0.71 0.57 0.67
2B Row 0.64 0.70 0.60 0.67
2B Column 0.70 0.63 0.73 0.68
3A Row 0.85 0.83 0.34 0.27
3A Column 0.59 047 0.93 0.89
3B Row 0.42 0.55 0.88 0.82
3B Column 0.81 0.89 0.23 0.29
4A Row 0.58 0.49 0.10 0.14
4A Column 0.23 0.29 0.25 0.34
4B Row 0.27 0.48 0.40 0.57
4B Column 0.67 0.68 0.38 0.21
5A Row 037 0.42 0.12 0.12
5A Column 0.20 0.15 0.41 0.45
5B Row 0.28 0.24 0.37 0.39
5B Column 0.33 0.34 0.18 0.09
Average 0.55 0.59 0.52 0.50
Pooled 0.572 0.511

The fraction of observations within both load treatments in every 3 x 3 game that satisfy the condition of the Nash action, and Nash beliefs. The game/role
designations are stated from the perspective of Fig. 1. For instance, 1A Column represents the column player in Game 1A. Recall that the strategic setting
for the row (column) player in the A version is similar to that for the column (row) player in the B version.

Table A2
Random-effects logistic regressions: Nash action in DS 1 or 2 games.
No information Information Pooled
(1) (2) (3) (4) (5) (6)
High load -0341" -0.402"" -0.225' -0.388™" -0.340"" ~0.400""
(0.117) (0.140) (0.128) (0.147) (0.117) (0.140)
Self-reported GPA - 0.546" - 0.0400 - 0.299"
(0.242) (0.2679) (0.173)
Information - - - - 0.234 0.173
(0.161) (0.188)
Information * High load - - - - 0.116 0.0156
(0.173) (0.202)
Demographics Yes Yes Yes Yes Yes Yes
Observations 984 672 864 624 1848 1296
QIC 1279.88 868.07 1047.14 761.49 2327.66 1628.31

The random-effects regressions estimate an exchangeable covariance matrix, clustered by subject. We do not provide the estimates of the intercepts, the
individual demographics variables, or the covariance estimates. QIC refers to the Quasi-likelihood information criterion. Finally, * denotes significance at
p<0.1," at p<0.05,and " at p<0.01.

Table A3
Random-effects logistic regressions: Nash action in 0 games.
No information Information Pooled
(M (2) (3) (4) (5) (6)
High load 0.128 0.074 -0.130 -0.164 0.127 0.0743
(0.154) (0.183) (0.171) (0.207) (0.153) (0.184)
Self-reported GPA - 0.012 - 0.629" - 0.238
(0.214) (0.276) (0.180)
Information - - - - 0.221 0.107
(0.165) (0.192)
Information * High load - - - - —0.256 -0.234
(0.228) (0.273)
Demographics Yes Yes Yes Yes Yes Yes
Observations 656 448 576 416 1232 864
QIC 888.24 615.90 787.92 562.32 1679.31 1179.03

The random-effects regressions estimate an exchangeable covariance matrix, clustered by subject. We do not provide the estimates of the intercepts, the
individual demographics variables, or the covariance estimates. QIC refers to the Quasi-likelihood information criterion. Finally, * denotes significance at
p<0.1," atp<0.05,and " at p<0.01.
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Appendix B. Supplementary data

Supplementary data associated with this article can be found, in the online version, at http://dx.doi.org/10.1016/
j.jebo.2016.02.006.
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