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Abstract

Understanding how people behave in strategic settings—where they make
decisions based on their expectations about the behavior of others—is a long-
standing problem in the behavioral sciences. We conduct the largest study
to date of strategic decision-making in the context of initial play in two-
player matrix games, analyzing over 90,000 human decisions across more
than 2,400 procedurally generated games that span a much wider space than
previous datasets. We show that a deep neural network trained on these data
predicts people’s choices better than leading theories of strategic behavior,
indicating that there is systematic variation that is not explained by those
theories. We then modify the network to produce a new, interpretable behav-
ioral model, revealing what the original network learned about people: their
ability to optimally respond and their capacity to reason about others are
dependent on the complexity of individual games. This context-dependence
is critical in explaining deviations from the rational Nash equilibrium, re-
sponse times, and uncertainty in strategic decisions. More broadly, our re-
sults demonstrate how machine learning can be applied beyond prediction
to further help generate novel explanations of complex human behavior.

Keywords: Behavioral Game Theory, Large Scale Experiment, Machine
Learning, Behavioral Economics, Complexity

Strategic decision-making is essential when people’s outcomes depend on both their
own and other people’s actions. As a consequence, it is an important topic in various
disciplines within the social sciences, including economics, psychology, political science,
and artificial intelligence, as well as cultural and biological evolution (Baker et al., 2017}
Camerer, 2011; Fehr & Schmidt, 1999; Rawls, [1971; Von Neuman & Morgenstern, |1944;
Wright & Leyton-Brown, 2017). The most widely studied type of game in the social sci-
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ences is the class of 2 x 2 matrix games (see Figure [Th), which have been found to illu-
minate behavior in contexts including, among many others, human cooperation and the
evolution of morality (Bloom, 2012), price setting and production decisions by firms (Fu-
denberg & Tirole, |1991), the coordination of investment decisions (Bell & Cover, |1988)),
and the positioning of political candidates (Morrow, [1994)).

The rational model of strategic decisions — the Nash equilibrium — is based on two
key assumptions: mutual consistency in beliefs about opponents’ strategies and mutual ra-
tionality in best responding to those beliefs. However, despite the prevalent use of Nash
equilibria in analyzing matrix games, research has shown that human players often violate
both of these assumptions (Camerer, 2011; Gichter, 2004; McKelvey & Palfrey, 1995
Weizsicker, [2003). Consequently, the effectiveness of these equilibria in explaining peo-
ple’s strategic behaviors is limited (McKelvey & Palfrey, 1992, 1995). This has prompted
the development of behavioral game theory, which has identified various extensions and re-
finements that produce a closer match to human decisions (Eyster, 2019} Fehr & Schmidt,
1999; Fudenberg & Liang, 2019; Golman et al., 2020).

Despite a proliferation of behavioral models, evaluating the performance of these
models has relied on relatively small datasets based on a select group of games, even
when combined across different datasets and papers (Fudenberg & Liang, [2019; Wright
& Leyton-Brown, 2017). As a result, it remains unclear how well the most popular models
of strategic decision-making perform in general. For instance, even seemingly “simple”
types of strategic interaction can differ widely in the cognitive difficulty they pose for the
actors, yet our understanding of how game complexity shapes behavior is limited. To ex-
plore these questions, we conducted a large-scale study of strategic behavior by densely
sampling the enormous space of 2 X 2 game structures. We use the resulting dataset to
assess the explanatory power of leading behavioral models, quantifying their prediction
performance against a machine learning model trained on the same data. This strategy al-
lows us to identify systematic variation that is not captured by existing models, leading us
to develop a new interpretable model that captures human behavior almost as well as the
machine learning algorithm.

We procedurally generated a dataset of 2,416 matrix games involving monetary
gains (see Figure [Ib), significantly expanding the diversity of game scenarios studied in
prior datasets (a 17-fold increase in the number of games tested relative to the largest meta-
analysis in the literature (Wright & Leyton-Brown, 2017))). To systematically sample game
matrices, our game generation algorithm is based on the Robinson and Goforth topology
for 2 x 2 games, which is constructed using ordinal order graphs of payoffs (Robinson &
Goforth, 2005). Each player has 12 unique order graphs in their respective payoff matrices,
representing the different ways to rank payoffs between their two strategies. Consequently,
there are 12 x 12 = 144 possible game types, considering each player’s order graph inde-
pendently. We populated all types with at least one pure-strategy Nash equilibrium with
procedurally-generated game matrices (see Supplementary Information for details). To in-
vestigate human behavior in these settings, we recruited 4,900 participants via Prolific,
each of whom was instructed to participate in 20 distinct games, sampled randomly with-
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Matrix games. (a) An example game interface presented to participants, who acted as the
row player in each 2 x 2 game. The blue numbers represent the payoffs for the row player,
who chooses between strategies A and B, while the red numbers represent the payoffs for the
column player, who chooses between strategies C and D. (b) Visualization of game space.
Each game is uniquely represented by an 8-integer vector, corresponding to the payoffs to
the two players under different configurations of choices. We used t-distributed stochastic
neighbor embeddings (Van der Maaten & Hinton,|2008) to visualize the spatial relationship
between games in a 2D plot, using the Euclidean distance between the embeddings of our
best-performing neural network model. Points represent individual games. The colors
represent the game topology specific to the row player following Robinson and Goforth
(2005)).

out replacement from the pool of procedurally-generated games. In total, 93,460 strategic
decisions were recorded. No feedback was provided to participants between games, and
the players were randomly rematched after each game. Thus, the observed behaviors can
be interpreted as initial game play strategies.

We used the resulting dataset to evaluate various models of strategic decision-
making with a train-validation split. We fit all models by minimizing the mean squared
error (MSE) between model predictions and empirical choice frequencies at the game level
on the training set, and then assess their performance in a validation set (see Supplementary
Information for details).

The models are based on three key insights from the behavioral game theory lit-
erature, each representing a well-established aspect of human cognition in strategic in-
teractions. First, the players may have limited strategic sophistication and compute the
best-response function only a small number of times, as captured in level-k models and
similar approaches (Camerer et al., [2004; Crawford et al., 2013). Second, a player may
exhibit noise in their decision making and also take into account the noisiness of others’
behavior, as in quantal-response equilibrium models (McKelvey & Palfrey, [1995). Third,
players may be risk averse, meaning they prefer less uncertainty (Fudenberg & Liang, 2019;
Murnighan et al.,|1988)).
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Model comparisons. (a) The context-invariant level-k quantal-response model involves
three parameters that do not vary across games: strategic sophistication (i.e., k), the play-
ers’ noisiness (i.e., Ny) and risk aversion. (b) A Multi-layer Perceptron (MLP) model di-
rectly uses the game matrix as input to estimate choice probabilities, without imposing any
specific game-theoretic decision-making structure. (¢) The level-k neural quantal-response
model is a context-dependent model allowing the 1.y parameter to vary across games. It
employs an MLP model, which uses the game matrix as input to estimate game-specific
Nseif- (d) The level-k neural quantal-response and neural belief noise model extends the
model in (c) by further learning the game-specific 1, .. through two MLP models, each of
which takes the game matrix as input. (e) Context-dependent models, incorporating at least
one neural network component that allows some or all model parameters to vary across
games, outperform context-invariant models in terms of completeness. Higher complete-
ness indicates greater predictive accuracy for human behaviors, with 100% completeness
matching the predictive accuracy of the MLP model. All reported results were based on
10-fold cross-validation (see Supplementary Information for details). Our focus was on
the heterogeneity across games rather than the heterogeneity across participants.

All models that we estimate are variants of our baseline behavioral model, which
is a risk-averse level-k quantal response (QR) model (see Figure |Zh) (Wright & Leyton-
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Brown, 2017). According to this model, a player forms beliefs about their opponent’s
behavior (albeit possibly imperfectly) and selects the risk-averse best response based on
these beliefs (albeit possibly imperfectly). Two interrelated equations characterize game
play under these assumptions. The first equation describes the expected utility from any
given strategy, and the second describes how expected utility translates into behavior. When
the row player in a matrix game has strategies A and B available and the column player
decides between C and D (see Figure[lh), the quantal-response function asserts that the row
player’s probability of choosing A is an increasing function of the difference in expected
utility (EU) between A and B, where the inverse of 1).jf governs the player’s noisiness:

1
PA) = T alEU @) EU D) .

The expected utility of any given strategy, in turn, is given by computing the utility of the
payoffs (x), weighted by the row player’s subjective belief, p*, about whether the column
player plays C or D:

EU(A) = ps(C|k, ngther) U(xA,C) + pS(D|k7n(§ther) U(XA,D) ) (2)

where x; ; represents the payoff for the row player when they choose row i and the column
player chooses column j. In these equations, the key insights from the behavioral game
theory literature appear in three different components. First, in assessing the expected
utility from any given strategy, limited strategic sophistication (captured by k) affects a
player’s expectation of their opponent’s play and, hence, expected utility. Second, the
expectation of the opponent’s play also depends on subjective beliefs about the noisiness of
the other player (1},..)- Following the literature, we initially assume that 7seif = 13, = 1>
meaning that each player believes that their opponent is as noisy as they are (McKelvey &
Palfrey, 1995). Third, expected utility takes into account risk aversion, parameterized by
constant absolute risk aversion, U(x) = (1 —e™ %) /.

We quantify the performance of each model by benchmarking it against two ex-
tremes. First, to set a lower performance bound, we employed a random model, which
predicts choice probabilities uniformly at random. Second, to set an upper performance
bound, we employ a deep neural network (Multi-Layer Perceptron, MLP) that uses the
game matrix as input and targets empirical choice frequencies as its output. The perfor-
mance of all other models was assessed based on their completeness, which measures how
well a model approximates the neural network upper bound from a starting point of random
play (Fudenberg et al., [2022; Wright & Leyton-Brown, [2017)). For example, a complete-
ness of 50% indicates that a model’s predictive accuracy is exactly in between those of the
random model and the MLP. To determine overall model completeness, we averaged the
completeness values calculated from two predictive accuracy metrics, MSE and R?.

We found that allowing for limited strategic sophistication (level-k), quantal-
response noise and risk aversion has large effects on model fit (see Figure 2g). The standard
Nash equilibrium achieves only 24% completeness. A model that combines level-1 think-
ing, quantal-response noise and risk aversion achieves 82% completeness. While these
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results illustrate that the success of behavioral game theory also translates into the much
larger space of games that we analyzed, they also reveal substantial room for improvement
of the structural decision-making model relative to the deep neural network. To close this
gap, we considered what might be missing from existing theoretical accounts of strategic
behavior.

A fundamental characteristic of existing models in the behavioral game theory lit-
erature is their context-invariance: they are uniformly applied and estimated, with identical
parameters, irrespective of the characteristics of the game. However, evidence from related
decision-making domains, such as choice between risky lotteries (Enke & Shubatt, 2023;
Peterson et al., 2021), suggests that the parameters of behavioral models can be highly
context-sensitive, for example because the complexity or cognitive difficulty of decisions
varies across problems. The deep neural network model represents an extreme case of po-
tential context-dependence because it is capable of forming its predictions based on the
specific characteristics of each game. Yet while this model achieves high prediction accu-
racy, it is less useful for understanding human strategic decision-making because it is an
uninterpretable “black box,” lacking the instructive format of structural decision-making
models.

To build a bridge between these two approaches, we progressively introduced
context-dependence into the structural decision-making models, by systematically substi-
tuting the structural parameters of behavioral models with a neural network that is respon-
sive to game-specific features. We focus on three key behavioral primitives: (i) the level of
strategic sophistication (i.e., k), (i) the player’s level of noisiness (i.e., Nglf; neural quan-
tal response model), and (iii) the player’s beliefs regarding the noisiness of others (i.e.,
Namers Neural belief noise model). We allowed each of these structural parameters to be
endogenously determined by the game matrices through a neural network, thus introducing
context-dependence into the structural decision-making models in a disciplined and inter-
pretable manner. To capture the context-dependence of k using neural networks, we let the
neural network model the distribution of k: p(k). As a result, the strategic choice predicted
by this model can be interpreted as a mixture of players operating at different levels of &
(See Supplementary Information for details).

As an example, consider the level-k neural quantal response model (Figure [2c), in
which the player’s noisiness was predicted by a neural network. In this approach, an MLP
was used to model the function Mg ir = fyp(game matrix), allowing the 7gf parameter
to vary across games. Once trained, the MLP can predict 1 for any given game matrix.
By combining the strategic sophistication level k with the MLP-predicted 1yf, the level-k
quantal-response function iteratively applies the quantal-response function k times to pro-
duce the probability of the row player choosing row A for a given game matrix. Similarly,
for all other neurally-augmented behavioral models, the neural networks effectively learn
a function that maps the game matrix to the parameters in the original behavioral model.
Overall, the procedure of augmenting behavioral models with neural networks intuitively
captures the possibility that players’ level of strategic sophistication or their noisiness is
not fixed but, instead, depends on features of the game.
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As illustrated in Figure [2g, integrating neural networks (i.e., MLPs) into the level-k
quantal-response model to account for context-dependence significantly enhances model
completeness. When neural networks replaced all three structural parameters, model com-
pleteness reached 97%. The second-best model, achieving a completeness of 96%, main-
tained strategic sophistication at a fixed level of k = 2, yet allows for context-dependence
in Mgeir and 13 .. This context-dependence (i.e., game-specific noisiness) suggests an im-
portant role for decision-making difficulty — in some games, it is considerably easier to
identify one’s best response than in others, even fixing a given level of strategic sophisti-
cation. Moreover, by comparing models that vary solely in Tseif Or 13, across different
games (see Table [S2)), we found that variations or context dependence in Tej¢ play a more
significant role. This finding suggests that context dependence has a greater impact on in-
dividuals’ ability to optimize their own responses than on their ability to infer the likely
actions of others.

To build intuition for why context-dependent noisiness has large effects on model
completeness, Figure [3b shows the game-level link between the share of subjects choosing
strategy A and the difference in expected utility between strategies A and B, as estimated
from the level-2 neural quantal response model. We split the sample by the median esti-
mated noisiness (7gr). We see a strong attenuation pattern: for games with below-median
noisiness, the link between strategy choice frequencies and expected utility estimates is
considerably more compressed. Our level-2 neural quantal response model, a context-
dependent model, achieves higher completeness both because it learns in which types of
games players are more likely to best-respond, and because it learns in which types of
games players are more likely to identify the best response of their opponent (given the
presumed level of strategic sophistication, k).

The high performance of our context-dependent models indicates that both the abil-
ity of players to optimally respond to their beliefs and their capacity to reason about others’
behaviors are contingent on the specific game being played. We attribute this sensitivity to
game complexity, by which we mean the cognitive difficulty of (i) forming beliefs about
other players’ strategies and (ii) optimally responding to these beliefs. To quantitatively
define and validate a metric of game complexity, we first developed a composite index of
game complexity, and then validated it by showing correlations with independent markers
of complexity in a preregistered second experiment.

We leveraged our unusually large and diverse set of games to extract some of the
specific game features that drive complexity, and aggregated them into a sparse and inter-
pretable index of game complexity. To this effect, we analyzed the predicted ngr values
from the context-dependent level-2 quantal response model (see Figure [3p: the Level-2
Neural QR + Neural Belief Noise model) and conducted a LASSO regression on a large set
of structural game features (see Supplementary Information for detailed definitions). This
analysis identified a concise set of influential game features. Some features are prominent
in the literature, such as the number of steps of iterative reasoning required for equilibrium
choices. Other features are more novel, including (i) a measure of the cognitive difficulty
of navigating tradeoffs across different strategies, akin to work on dissimilarity and trade-
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Figure 3

Developing an interpretable complexity index for strategic games. (a) To construct an
index of game complexity, we use LASSO regressions to learn game features that corre-
late with the game-specific N,y parameter that is estimated by the MLP in the Level-2
Neural QR and Neural Belief Noise model. (b) The psychometric functions illustrate the
relationship between the expected utility differences of two strategies and the proportion of
choices for strategy A. Expected utility was calculated under the assumption of a level-1
player. Red (blue) dots represent high (low) complexity games, determined by a median
split on the complexity index. Error bars represent +SE. (¢) The same psychometric func-
tion and effect of complexity was found in the followup experiment. (d) The complexity
index shows a statistically significant correlation with response times (RTs) in the games of
the main experiment. (e) The complexity index generalized to the followup experiment and
demonstrated statistically significant correlations with both RTs and cognitive uncertainty
ratings.

off complexity in the literature on lottery choice (Enke & Shubatt, 2023; Shubatt & Yang,
2024); (i1) the variance and scale of payouts (Peterson et al.,[2021)); and (iii) the inequality
and asymmetry in payouts between players.
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We collapsed these interpretable game features into a composite index of complex-
ity (see Supplementary Information). This index can be structurally interpreted as capturing
the magnitude of the negated mger predicted by game features. Because this index is de-
fined based on objective game features, it can be readily computed by other researchers in
any standard dataset.

A first piece of evidence that our complexity index indeed captures the difficulty of
strategic decision-making is that, in our main experiment, the index has shown a positive
correlation with response times (Pearson’s r = 0.21, p < .01, see Figure3[d), indicating that
individuals tend to spend more time thinking in games that we classify as more complex.

To reinforce and broaden these within-sample correlations and our interpretation
of the index, we conducted a preregistered follow-up experiment testing a new set of 500
games on a new cohort of participants. This experiment adhered closely to the procedure
of the main experiment, with the sole modification being that, after each game, participants
were required to report their cognitive uncertainty (in percentage terms) about whether the
strategy they selected is actually their best decision (Enke & Graeber, 2023). The results
confirmed that the index robustly predicts out-of-sample behavioral outcomes. As shown
in Figure [3e, we replicated the positive correlation between RTs and the complexity index
(Pearson’s r = 0.23,p < .01). Additionally, we observed a positive correlation between
cognitive uncertainty and the complexity index (Pearson’s r = 0.24, p < .01), suggesting
that participants tend to exhibit higher cognitive uncertainty in their strategic choices when
faced with more complex games. Finally, in this follow-up experiment, we also studied
the ability of our complexity index to predict behavioral attenuation in strategic choice.
Figure [3c shows that the link between strategy choice frequencies and estimated expected
utility differences is again considerably more compressed in the more complex problems.
These findings confirm that our complexity index can generalize to out-of-sample strategic
decisions.

Large-scale experiments and machine learning techniques have significantly aided
our exploration of the vast space of cognitive mechanisms underlying strategic choices.
Our findings reveal that a player’s own noisiness in responding to an opponent’s behavior,
as well as their beliefs about the opponent’s noisiness, are critical factors in determining
initial game play. Moreover, the degrees of noise vary across different games, displaying
significant context dependence. To further understand the game features that contribute
to this context dependence, we developed a complexity index that quantifies a player’s
noisiness. This index is interpretable and readily generalizable to other matrix games,
as it is based solely on features derived from the game matrix. The follow-up experiment
confirmed that the complexity index effectively captures various aspects of human behavior
in matrix games with differing levels of complexity. These results illustrate the promise of
large-scale experiments and machine learning methods in furthering our understanding of
strategic decision-making, in particular given the emerging body of theoretical work on
complexity in behavioral game theory.
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Supplementary Information

Materials and Methods
Main Experiment
Game generation algorithm

The games2p2k dataset comprises 2,416 instances of 2x2 normal-form games and
a total of 93,460 strategic choices made by 4,673 participants. Each game is uniquely
identified by its payoff matrix, an 8-element vector encapsulating all payoff details for both
row and column players. All payoffs are represented as integers and are restricted to a
range of 1 to 50. Consequently, the set of all possible 2x2 games encompasses 50° games
before considering permutations of game matrices.

To generate games from this space, we employed a random generation process to
create 8-item payoff matrices, where each item represents a random draw from a two-tiered
uniform distribution U[1,u] where u ~ U[1,50]. Next, we excluded games that lacked
pure-strategy Nash equilibria and categorized each remaining game using Robinson and
Goforth’s topology for 2x2 games (Robinson & Goforth, [2005)). This process results in a
diverse set of 142 distinct game types. Given the prevalence of dominance games, which
constituted 87.5% of the game types, we selectively reduced their representation in our
dataset. Specifically, we generated 3 instances for each double-dominance game, 8 in-
stances for each single-dominance game, and 22 instances for each non-dominance game,
culminating in a comprehensive collection of 1,208 games. Given that each game is played
by both the row and column players, our dataset comprises a total of 2,416 (i.e., 1,208 x2)
game instances.

Participants

We recruited a total of 4,900 participants via the Prolific Academic platform, out
of which 4,673 individuals (1,942 males, 1,782 females, and 949 who opted not to dis-
close their gender) successfully completed the 10-minute experiment. These participants
ranged in age from 18 to 86, with a median age of 37. Participants were required to be
from the US and have completed at least 100 submissions with a 95% acceptance rate or
higher on the Prolific Academic platform. Participants were guaranteed a base monetary
compensation of $2.00 (hourly rate of $12.00), with the possibility of an additional bonus
up to $0.50 contingent on the result of a randomly selected game (1 point equals to $0.01).
The experimental sessions were carried out in Dec 2023. Informed consent was obtained
from all participants (Princeton University IRB number 10859: “Computational Cognitive
Science”, and Harvard University IRB number 16-1753).

Procedure

The experiment was programmed using Dallinger 9.11.0. Before the beginning
of the main experiment, participants were provided with instructions and an example of
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a normal-form game matrix. To ensure comprehensive understanding of the game repre-
sentation, participants were required to correctly answer a pre-experiment multiple-choice
quiz. Following this, participants were presented with a sequence of 20 one-shot games
in normal form. All game presentations were adapted to a row player perspective, thereby
making all participants choose between Row A and Row B, while the specifics of the game
and the role they assumed were recorded in the background. Participants only played a
game once. As the primary objective of our task was to observe choices in one-shot games,
no practice or coaching period was provided.

To mitigate learning effects and preclude reputation building, each trial involved a
different game and a new opponent for every participant. That is, participants were anony-
mously and randomly paired for each game. Feedback pertaining to a participant’s perfor-
mance in a specific game was withheld. The only occasion where feedback was provided
occurred post-completion of the entire experimental session, indicating the bonus earned
by the participant. The sequence in which the games were presented was randomly varied
across participants. Moreover, for every game, the rows and the columns of the payoff
matrix have equal chances being swapped, resulting in a total of 4 possible permutations
for a game. The bonus was determined by randomly selecting one game played by the
participant and their corresponding opponent in that game.

Follow-up Experiment

This experiment was preregistered at https://osf.i0/xrvaw/.

Games

We employed the identical game generation algorithm used in the main experiment
to create a set of 500 new normal-form games, maintaining similar proportions of domi-
nance games as observed in the main experiment.

Participants

We recruited another 1,013 participants from the Prolific Academic platform, of
which 1,008 (346 males, 416 females, and 246 who opted not to disclose their gender)
successfully completed the 10-minute experiment. Participant ages ranged from 18 to 88
years, with a median age of 35. The same filter used in the main experiment were applied
here: participants were required to be from the U.S. and to have completed at least 100
submissions with a 95% acceptance rate or higher. As in the main experiment, participants
received a base compensation of $2.00 (hourly rate of $12.00), with the possibility of earn-
ing a bonus of up to $0.50 from a randomly selected game. The experimental sessions were
conducted in April 2024. Informed consent was obtained from all participants (Princeton
University IRB number 10859: “Computational Cognitive Science”, and Harvard Univer-
sity IRB number 16-1753).


https://osf.io/xrvaw/
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Procedure

The follow-up experiment replicated the exact procedure of the original study, with
the sole modification that after participants made a strategic choice for a game, they were
presented with a secondary question: “How certain are you that choosing [X] is actually
your best decision?” where X denotes the selected option. Note that this query remained
concealed until after a choice had been made. Participants were then required to express
their confidence in their decision by adjusting a slider ranging from 0% (least confident) to
100% (most confident). The slider’s thumb was also hidden until the participant interacted
with it by clicking on the slider bar.

Data Preprocessing

We collected three types of behavioral measures from the two experiments (see Ta-
ble [ST| for an overview): strategic choices, response times (RTs) in making these choices,
and subjective certainty ratings (confidence) associated with the choices. We aggregated
data at the trial level to derive game-level behaviors. The empirical choice frequency,
calculated across different participants for the same game, was used as the probability of
choosing a particular strategy in that game. This measure served as the target variable
for subsequent model fittings. RTs were initially log-transformed: RT = InRT. Subse-
quently, we normalized these log-transformed RTs within participants by subtracting each
participant’s mean RT and dividing by the standard deviation of their RT. The median
of these normalized RT values was then used to represent the game-level RTs. Confidence
judgments were normalized within each participant, and the mean of these normalized con-
fidence values was calculated to represent game-level confidence.

Table S1

Overview of Behavioral Measures Collected in the Main and Follow-up Experiments.

Behavioral measures Statistical properties Recording experiments
Choices Binary outcomes Both experiments
Response Times Non-negative integer values Both experiments
Confidences . .
Continuous range [0, 1] Follow-up experiment

(Negated Cognitive Uncertainty)

Model Details
Context-invariant Models

The first class of models for human strategic choices comprises context-invariant
models. These are parametric models with free parameters that remain constant across
different games, hence the term “context invariance.” This consistency in parameters, how-
ever, does not imply that the models will predict identical behaviors for the same set of
parameters across various games.
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Nash Equilibrium in Pure and Mixed Strategies. In matrix games, a pure-
strategy Nash equilibrium (PSNE) is an outcome where each player chooses a single action
(or strategy) and no player can benefit by changing their action, given that the other play-
ers’ actions remain the same. In other words, every player’s choice is their best response to
the choices of the other players. By contrast, a mixed-strategy Nash equilibrium (MSNE)
occurs when players randomize over possible actions according to certain probabilities, and
no player can improve their expected payoff by unilaterally changing their own probability
distribution over actions. In MSNE, each player’s mixed strategy is the best response to the
mixed strategies of the other players.

Level-k Model. The level-k model in behavioral game theory explains strategic
choices by assuming varying degrees of strategic sophistication among players (Costa-
Gomes et al., 2001; Mauersberger & Nagel, 2018; Nagel, |1995). Level-0 players select
their actions without strategic consideration, often randomly or according to a fixed rule,
and they do not attempt to predict the actions of others. Level-1 players, assuming that all
other players are at level 0, make decisions that are best responses to the expected actions
of level-0 players. Each player at level k selects their action based on the belief that others
are at level k — 1. Thus, the level-k model captures a hierarchy of strategic reasoning,
where each successive level represents a deeper anticipation of others’ behavior based on
the preceding level’s actions.

Quantal Response Equilibrium. In a Nash equilibrium, each player’s strategy is
the best response to the strategies of the other players, and no player can improve their
outcome by unilaterally changing their strategy. Conversely, the quantal response model
offers a more realistic perspective by incorporating the idea that players may not always
make perfectly rational decisions (McKelvey & Palfrey, |1995; Rosenthal, 1989)). Instead of
always choosing the best response, players select strategies with probabilities that increase
with the expected payoff, introducing a noisy response. This means that players are more
likely to choose better strategies, but they can still sometimes make suboptimal choices.

In the quantal response equilibrium (QRE), players are not assumed to be perfectly
rational. Rather, they respond to expected payoffs in a probabilistic manner. The probabil-
ity of selecting a particular strategy increases with the expected payoff of that strategy, yet
suboptimal choices remain possible. Specifically, we used a logit quantal response function
(McKelvey & Palfrey, |1995). Each player’s strategy is influenced by the probability distri-
bution of the other players’ strategies, leading to a more flexible and realistic equilibrium
concept.

Level-k Quantal Response Model. While the level-k model employs best response
functions and the QRE model utilizes equilibrium solutions, the level-k quantal response
(QR) model integrates both approaches (Golman et al., 2020; Stahl & Wilson, |1994)). In
this model, level-k players assume that all other players are at level kK — 1, and they make
decisions that are quantal, rather than best, responses to the expected actions of level-k — 1
players. Furthermore, it is important to note that level-k players expect level-k — 1 players
to apply the same quantal response logic to level-k — 2 players, continuing this pattern
until reaching the random actions of level-0 players. In essence, level-k players believe that
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level-k — 1 players respond noisily to the actions of players one level below them, mirroring
their own quantal response function.

Level-k Quantal Response and Belief Noise Model. We also considered a simple
extension of the Level-k QR model by assuming that players might not believe their op-
ponents exhibit the same level of noisiness as themselves, namely Belief Noise. There is
empirical evidence supporting this assumption where, for example, people tend to under-
estimate the rationality of their opponents in strategic choices (Weizsécker, 2003). Specif-
ically, players maintain two sets of quantal response functions simultaneously: one for
themselves when they need to respond quantally to their opponents’ choices, and another
set reflecting what they believe their opponents use when responding to their own choices.

Context-dependent Models

The other class of models exhibits context dependence, meaning that the parameter
values of these models change in response to different game matrices. This context depen-
dence is implemented using a Multilayer Perceptron (MLP) that processes game matrices
as inputs and generates corresponding model parameters.

Multilayer Perceptron. The neural networks employed in this study use a consis-
tent MLP architecture, featuring 3 hidden layers with 300 neurons each. Sigmoid functions
are applied for all nonlinear activations, except when the network output is a probabil-
ity, in which case a softmax function is used. The highest performance in modeling the
games2p2k dataset was achieved by an MLP that directly predicts choice probabilities
from the game matrix input:

P(A) = furp(game matrix) (S1)

Neural Network Augmented Behavioral Models. We focus on adapting three
key behavioral primitives using MLPs. First, we make the level of strategic sophisti-
cation (i.e., k) dependent on the game matrices. However, since levels are discrete and
non-differentiable variables, we extend this concept by assuming a distribution p(k) of par-
ticipants at each level k, where k = 0,1,2,3. This approach effectively creates a mixture
model that represents a range of Level-k players. Next, the player’s own level of noisiness
in response to opponents’ choices (i.e., Nsif) and the player’s beliefs about the noisiness of
their opponents (i.€., Notner) are modeled using two additional MLPs. The outputs of these
MLPs are then input into a quantal response function to generate choice probabilities.

Optimization and Cross-validation

We optimized all models by minimizing the mean squared errors (MSE) between
the predicted outcomes and the actual proportions of A (or “up”) choices made by row
players in each game. For models incorporating neural networks, they were implemented
using the Python libraries jax (Bradbury et al., 2018) and haiku (Hennigan et al., |[2020).
The games2p2k dataset was partitioned randomly into training (80%), validation (10%),
and testing (10%).
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Neural network training details. Models involving neural networks were trained
in batches of 64 games each. The dataset was also augmented through permutations. For
each game, three additional duplicates were created by switching the rows, switching the
columns, and switching both the rows and columns. The choice probabilities were then ad-
justed accordingly. Training was terminated when validation errors increased consecutively
over two evaluation intervals of 100 epochs. The performance of the trained models was
assessed on the testing set, with a particular emphasis on evaluating their generalization
capabilities. The learning rate was fixed at 1073, and the Adam optimizer was employed
(Kingma & Ba, 2014).

Context-invariant models training details. Models without neural network com-
ponents underwent optimization using the Nelder-Mead method via the minimize func-
tion of the Scipy library (Virtanen et al.,2020). Training these models involves randomly
splitting the dataset into training (90%) and testing (10%) sets. The optimization phase
concluded upon the convergence of the Nelder-Mead algorithm on the training set. Model
performance was also evaluated on the testing set.

The cross-validation for both context-invariant and context-dependent models was
repeated a total of 10 rounds for all models. Different random partition over games was
performed in each round. Both the mean and standard error for the MSE and the R? were
recorded for the testing set (see Table [S2).

Developing a Game Complexity Index

In our computational modeling, we identified the player’s level of noisiness (i.e.,
the 1.1 parameter from context-dependent models) as an effective target for deriving an
interpretable index that reflects perceptions of game complexity. This choice is based on
the premise that game complexity is likely linked to deviations from rational behavior,
which are captured by the ngr parameter. To develop this index, we employed a two-step
procedure: First, we reviewed existing game features known in the literature and introduced
a series of novel features. This process created a comprehensive set of candidate game
features that potentially elucidate aspects of game complexity. Subsequently, we refined
this set to identify the most informative features by employing LASSO regression, using the
Nself parameter as the dependent variable and the full suite of game features as independent
variables.

Game Topology

Using the illustrative game depicted in Figure [SI, we summarize Robinson and
Goforth’s topology for 2 x 2 matrix games (Robinson & Goforth, 2005)). Since both row
and column players have 12 unique order graphs in the payoff space of their respective
payoff matrices, this topology is constructed on a set of 12 x 12 = 144 ordinal order graphs.
For instance, from the perspective of a row player, the 12 order graphs including Chicken
(or Hawk-Dove, Snowdrift, ¢ > a > b > d), Leader (or Battle of the sexes, ¢ > b > a > d),
Hero (¢ > b > d > a), Compromise (¢ > d > b > a), Deadlock (or Altruist’s Dilemma,
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Figure S1

Example of a game matrix: The payoff matrix for the row player (‘self’) is in blue, while
the payoff matrix for the column player ( ‘other’) is in red.

¢ >d > a > b), Prisoner’s Dilemma (¢ > a > d > b), Stag Hunt (or Trust, a > ¢ > d > b),
Assurance (a > d > ¢ > b), Safe Coordination (a > d > b > ¢), Peace (or Club,a > b > d >
¢), Harmony (a > b > ¢ > d), Concord (a > ¢ > b > d). The same topology was applied to
the column player’s payoff matrix.

Game Features

In this section, we provide a detailed description, along with examples, of the inter-
pretable features of a game matrix. We also discuss their expected correlation with game
complexity.

Dominant Solvability. Dominant solvable games, which means that a game is
solvable by iterated deletion of dominated action, are generally considered easier to play
because the payouts from one strategy consistently outperform all others. Players’ abili-
ties to identify the optimal strategy only require the capacity to best respond. This feature
can be independently defined for both the player (row player) and the opponent (column
player). For instance, considering the illustrative game depicted in Figure[S1] we define the
dominant solvability for both players (equality can occur in only one of these inequalities):

(1 ifa>cand b > d and not (a = c and b = d)

ifa<cand b <dandnot(a=cand b=d) (S2)

otherwise

DominantSolvablege ) =

~N 7~

O = = O =

if x>yand z>wandnot (x=yand z=w)

DominantSolvable e = ifx<yandz<wandnot(x=yand z=w) (S3)

otherwise
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Excess Dissimilarity. Excess dissimilarity, initially introduced in (Enke & Shu-
batt, 2023) to understand complexity in risky choices, quantifies the difficulty of aggre-
gating values across states. In risky choices, the measure calculates payout differences
between states for two lotteries, then deducts the difference in expected values. We expand
this measure to two-player matrix games, further assuming that the opponent’s strategies
are random. Using the game illustrated in Figure we compute the excess dissimilarity
indices for both players as follows:

e a—c| |b—d
Dissimilarity . ; = | > | + | 5 | - |,uup — Hdown| (S4)
_ =yl = w

Dissimilarityope, =~ + = — | et — Hright| (S5)

__a+tb _c+d _ X+ _ytw
where Hup = aT’ Hdown = CT? Hieft = %Jlright = y_2 .

Levels of Iterative Rationality. We define the levels of iterative rationality as the
minimum level k at which the best-response dynamic converges to a fixed strategy. For
2 x 2 games, we set the upper limit of k to 3 due to the possibility of infinite, cyclical
best-response dynamics.

Number of Nash Equilibria. We analyze pure-strategy and mixed-strategy Nash
equilibria separately (PSNE and MSNE) and determine the number of equilibrium strate-
gies for a game matrix.

Nash Equilibrium Payoff Dominance. We compute whether each pure-strategy
Nash equilibrium (PSNE) in a game yields the maximum possible payouts for both play-
ers. If at least one such equilibrium exists, we classify the game as exhibiting Nash equilib-
rium payoff dominance; otherwise, this feature is assigned a value of zero. Moreover, we
compute Non-Nash Equilibrium Payoff Dominance, which is defined as the presence of an
outcome that payoff-dominates all other outcomes but is not a PSNE.

Nash Equilibrium Pareto Dominance. Following (Fudenberg & Liang, [2019),
we also assess whether a PSNE offers superior payouts compared to all other PSNEs. If
such a PSNE exists, we classify the game as demonstrating Nash equilibrium Pareto dom-
inance. If the game possesses only a single PSNE, it is automatically categorized as Pareto
dominant. All other cases are classified as false.

Pure Motives. The notion of pure motives was examined in (Devetag & Warglien,
2008). In games governed by pure motives, players’ choice preferences are expected to
exhibit perfect rank correlation. This includes scenarios with positive correlations, such as
coordination games, as well as negative correlations, like zero-sum games. Games featur-
ing both antagonistic and coordination motives, such as the chicken game or the prisoner’s
dilemma, are said to be mixed motives games.

Max Payouts. For a given game matrix, we calculate the maximum potential pay-
outs for each player. Referring to the example game in Figure [S1] we define the maximum
payouts as follows:

Maxge)f = max{a,b,c,d} (S6)
Maxother - max{xvyvza W} (S7)



CAPTURING GAME COMPLEXITY 21

Payoff Variances. Variations in payouts may influence strategy selection. Here,
we employ the canonical variance measure. To illustrate, let’s examine the game matrix in

Figure ST}

1

Pay()ffvarself - Z [(a - auup)z + (b - ‘uup)Z + (C - .udown)2 + (d - .udown>2] (SS)

1
Pay()ffvarother = Z [(x - .uleft)2 + (Z - .uleft)2 + (y - .uright)2 + (W - .uright)z} (S9)

Deviations from Zero-Sum Games. Zero-sum games exhibit a distinct payout
structure where gains for one player directly correspond to losses for another. To gauge
deviations from a standard zero-sum game, we introduce a measure. First, we compute
the absolute sum of payout differences for each player when jointly deviating from an out-
come. Subsequently, we aggregate these absolute sums across all four possible deviations
within a 2 x 2 game. Illustrated through the example game in Figure [ST| we calculate this
metric as outlined below:

NonZeroSum = |[a —c+x—z|+|a—b+x—y|+|c—d+z—w|+|b—d+y—w| (S10)

Inequality in Payouts. Social preferences may also play a role in shaping strategic
decisions (Fehr & Schmidt, 1999). To capture specific aspects of these preferences, the
following features have been devised. Inequality in payouts assesses the disparity in the
maximum potential payouts players could attain from the game. In the context of the game
depicted in Figure [ST] this can be computed as follows:

Inequality = max{a,b,c,d} —max{x,y,z,w} (S11)

Asymmetry in Payouts. Another source of payout inequality arises from varia-
tions in payouts when both players employing a similar strategy. This can be quantified as
the extent of deviations from a symmetric game, where payouts would be identical if both
players adopted the same strategy. To compute the asymmetry in payouts for the game
depicted in Figure we proceed as follows:

1
Asymmetry = - |a—x]—|—|b—z]—|—|c—y|—|—|d—w|} (S12)

Expected Relationships Between Game Features and Complexity

We have now developed a set of game features that characterize a game matrix
and are relevant to game complexity. Here, we present their predicted correlations with
complexity and provide justifications for these expectations (see Table [S3)). Broadly, these
justifications can be summarized into the following categories.

First, games with strategies that players will never choose, as long as they are best
responding to any belief, are considered less complex. Conversely, other types of games
require rational choices that ensure both consistency in beliefs about opponents’ strategies
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and the ability to best respond to those beliefs. Dominant Solvability is the feature with
this property.

Second, game features that facilitate coordination are expected to reduce game com-
plexity. Efficiency, defined by payoff dominance or Pareto dominance (Harsanyi, 1995;
Schelling, 1980)), is considered separately from rational equilibrium solutions. When equi-
librium solutions coincide with efficient solutions, players can coordinate on the overlap-
ping outcome, making the game easier to solve. Conversely, when different solution con-
cepts do not align, the game becomes more challenging. Game features with this property
include Nash Equilibrium Payoff and Pareto Dominance, Maximum Payouts, and Non-
Nash Equilibrium Payoff Dominance.

Third, a game is generally expected to be less complex if players can easily adopt
their opponent’s perspective (Schelling, |1980). This occurs when players’ preferences are
perfectly rank-correlated, either positively (e.g., coordination games) or negatively (e.g.,
zero-sum games). The following game features capture this property: Pure Motives, Devi-
ation from Zero-Sum Games, Inequality in Payouts, and Asymmetry in Payouts.

Fourth, games that require greater cognitive resources to process are intuitively
more complex. For instance, choosing among multiple equilibria increases complexity, as
reflected by the number of Pure Strategy Nash Equilibria (PSNE) and Mixed Strategy Nash
Equilibria (MSNE). Moreover, the computation of expected values can vary in complexity,
leading to the inclusion of features such as Excess Dissimilarity and Payoff Variance. Fi-
nally, iterative thinking steps needed to form consistent beliefs and choose an equilibrium
strategy should also matter for players with bounded cognitive resources. This concept is
captured by the Levels of Iterative Rationality.

Selection of Game Features

Decision tree regressions. To identify important features, we applied decision
tree regression using interpretable game features directly on the choice probabilities in
games2p2k. By fixing the maximal tree depth to 3, we found that the most important
feature was whether the game had a Nash Equilibrium that payoff-dominates all other out-
comes. This was followed by excess dissimilarity of the player’s own payoff matrix and
levels of iterative rationality, which appeared in the second layer of the decision tree. The
third layer was omitted as it contained repetitions of the features in the second layer, sug-
gesting that these three features are critical in deciding strategic choices.

[N ash Equilibrium Payoff Dominance}

Fal@/e/ Trm

[Dissimilarityself < 2.5] [Levels of iterative rationality < 1]

LASSO regressions. Considering the array of game features that may impact
strategic decisions, we develop a game complexity index to explain the noisiness in play-
ers’ strategic choices. This index is designed to encapsulate deviations from rationality
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observed within our games. First, we normalized the game features across different games
to ensure comparability among game features. Subsequently, we implemented a LASSO
regression by setting the multiplier of the L; term at 0.2, targeting the negated 1.|f parame-
ter from our best-fitting level-2 quantal response model, with the normalized game features
serving as independent variables. Results were summarized in Table [S4]

Robustness Check

To further validate our modeling results, we trained both context-invariant and
context-dependent models using data from the main experiment and tested their perfor-
mance using data from the follow-up experiment. For the context-invariant models, training
was conducted on the entire main experiment dataset. For the context-dependent models,
we applied an optional stopping rule to terminate neural network training by partitioning
the main experiment data into training and validation sets with a 90/10 split. The remaining
training details were consistent with those previously described. As shown in Table[S5] our
main results were successfully replicated.

Experimental Instructions and Comprehension Checks

Fig. S1. Screenshot of experimental instructions presented to participants in the main
experiment.

Fig. S2. Screenshot of the comprehensive check in the main experiment.

Fig. S3. Screenshot of a trial showing the game matrix to a participant in the main experi-
ment.

Fig. S4. Screenshot of experimental instructions presented to participants in the follow-up
experiment.

Fig. S5. Screenshot of a trial showing the game matrix and confidence rating to a partici-
pant in the follow-up experiment.
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Instructions

In this experiment, you will play a series of simple games in which you and another person each make a choice
and the payoff each of you receive depends on both choices

In total, you will participate in 20 games. At the beginning of each game, you will be randomly matched with a
different person who is also participating in this experiment on Prolific. You and the other person will then see
a game displayed in a table such as the one below.

Other's choice C | Other's choice D
Your choice A 115 2|3
Your choice B 3|4 4|2

The rows of the table show your options, and the columns the other player's options.

The payoffs you receive are shown in blue on the left hand side of the line in each cell of the table, whereas
the other player's choice options and payoffs are shown in red on the right hand side of the line. The table is
read as follows:

« |f you choose A and the other player chooses C, you receive 1 point

o If you choose A and the other player chooses D, you receive 2 points
« |f you choose B and the other player chooses C, you receive 3 points
o If you choose B and the other player chooses D, you receive 4 points

Note that the other player is in a similar situation as you are. This means that:

o If the other player chooses C and you choose A, the other player receives 5 points
o If the other player chooses C and you choose B, the other player receives 4 points
« |f the other player chooses D and you choose A, the other player receives 3 points
o If the other player chooses D and you choose B, the other player receives 2 points

You will not be informed of the choice or the identity of the other player. All your decisions will be treated
confidentially.

1 point = $0.01
Keep in mind that you will be randomly rematched with a different player for every new game.

Your earnings in the experiment will be the payoffs obtained in a randomly selected game plus the $2
participation fee

Start pre-experiment quiz
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Table S2

Comparisons Between Context-invariant and Neurally-Augmented Context-dependent
Models

Model MSE(SE)| R*(SE)?1 Completeness (%) 1
Random .0875 .0003 0 (lower bound)
Nash 1625 2234 24
L1+QR .0255 (.0006) .7134 (.009) 77.5
L1+QR+Risk .0218 (.0005) .7509 (.0092) 82
L2+QR .026 (.0006)  .6968 (.0077) 76.5
L2+QR+Risk .0244 (.0005) .7306 (.0056) 79
L2+QR+Belief+Risk .0182 (.0005) .7949 (.0062) 86
L3+QR .0275 (.0006) .6868 (.0072) 75
L3+QR+Risk .0238 (.0005) .7303 (.006) 79
L3+QR+Belief+Risk .0181 (.0006) .7906 (.0063) 86.5
QRE .0269 (.0007) .7112 (.0099) 76.5
QRE+Risk .0251 (.0005) .7213 (.0061) 78
QRE+Belief+Risk .0183 (.0005) .7888 (.006) 86
L1+ .0229 (.0011) .773 (.0091) 82.5
L1+OR+Risk .0145 (.0006) .8361 (.0077) 91
L2+ .0206 (.0012) .78 (.0095) 84
L2+0OR+Risk 0178 (.0006) .7968 (.0065) 87
L2+0OR+Belief+Risk .0125 (.0003) .862 (.0045) 94
L2+QR+ +Risk .0291 (.0006) .6895 (.0073) 74
L2+0OR+ +Risk .0109 (.0003) .8784 (.0045) 96
L3+ .0389 (.0089) .6944 (.0259) 68.5
L3+0OR+Risk 0187 (.0003) .7856 (.0036) 85.5
L3+0OR+Belief+Risk .0124 (.0002) .8615 (.0024) 94
L3+QR+ +Risk .032 (.001) .6776 (.0091) 71.5
L3+0OR+ +Risk .0119 (.0003) .8674 (.0045) 94
E .0245 (.0011) .7492 (.0096) 80
E+Risk .0188 (.0005) .7904 (.0067) 86
E+Belief+Risk .0125 (.0005) .8604 (.0058) 94
QRE+ +Risk .0282 (.0009) .7231 (.0081) 76.5
E+ +Risk 0116 (.0004) .8732 (.0036) 95
+QR+Risk 0194 (.0003) .7834 (.0052) 85
+OR+ +Risk  .0096 (.0003) .8931 (.0039) 97
MLP .0073 (.0001) .9194 (.0022) 100 (upper bound)

Note. The model completeness was determined by averaging the completeness values
calculated from Mean Squared Error (MSE) and R?, except for the Nash equilibrium
model, where completeness was solely based on R%. Colorized texts denote components
of the model that are implemented as neural networks. Specifically, indicates that 1gei¢
is a neural network, signifies that 13, .. is a neural network, and |. means that a
neural network predicts a mixture of level-k players. The numbers in parentheses
represent the standard errors from the 10-fold cross-validation.
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Table S3

Developed game features, both existing and novel, and their expected correlation with

game complexity.

Game feature

Expected correlation with
game complexity

DominantSolvablegs
DominantSolvablegher

Nash Equilibrium Payoff Dominance
Nash Equilibrium Pareto Dominance
Pure Motives

Maxgeit

Maxther

Deviation from Zero-Sum Games

Levels of Iterative Rationality
Dissimilarityej¢
Dissimilaritygger

Number of PSNE

Number of MSNE

Non-Nash Equilibrium Payoff Dominance

PayoffVarg ¢
PayoffVarper
Inequality in Payouts
Asymmetry in Payouts

+ + + + + + + + +

+
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Note. Negative correlations suggest that the presence or higher values of certain game
features correspond to a decrease in game complexity, while positive correlations indicate

the opposite.
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Table S4

The results of LASSO regressions.

27

Game feature —MNself  —Nother
DominantSolvableg¢

DominantSolvable e, .
Dissimilarity; 028 .
Dissimilarity ., . 0.08
LevellterRational 0.38
NumPSNE

NumMSNE .
PayoffDomEquilibrium -0.80
PayoffDomNonEquilibrium
ParetoDomEquilirium

PureMotives .

Maxsehc 0.30 .
MaXother . 0.01
PayoffVarg; 0.40
PayoffVar .,

NonZeroSum .

Inequality 0.85
Asymmetry -0.09 .
Intercept -9.28  -1.09
R? 033  0.02
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Table S5

Comparisons of models trained on the main experiment and tested on the follow-up

experiment.
Model MSE(SE)| R*(SE)?1
Nash .1680 2561
L1+QR+Risk .0203 758
L2+QR+Belief+Risk .016 8113
L3+QR+Belief+Risk .0167 .8026
QRE+Belief+Risk .0166 .8039
L1+OQR+Risk .0128 (.0001) .8547 (.0032)
L2+OR+Belief+Risk .0109 (.0002) .875 (.0027)
L2+0OR+ +Risk .0102 (.0001) .8868 (.0018)
L3+0OR+Belief+Risk .0108 (.0002) .8798 (.0022)
L3+OR+ +Risk .0104 (.0001) .8855 (.0018)
E+Belief+Risk 0111 (.0002) .877 (.0029)
E+ +Risk .0105 (.0001) .8835 (.0018)
+0OR+ +Risk  .0081 (.0002) .9065 (.0023)
MLP .0073 (.0001) .9194 (.0022)

Note. Colorized texts denote components of the model that are implemented as neural
networks. Specifically, indicates that ¢ 1S a neural network, signifies that
Naher 1S @ neural network, and [ means that a neural network predicts a mixture of level-k
players. The numbers in parentheses represent the standard errors from the 10-fold
cross-validation.
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Pre-experiment quiz

In the main experiment, you will play a total of 20 games, each with a different
person.

Now suppose that you are presented with the following game table:

Other's choice C | Other's choice D
Your choice A 115 2|3
Your choice B 3|14 4|2

What determines your payoff?
[My choice and the other player's choice v \

In which color is your payoff shown in the table?

Blue v

If you choose A and the other player chooses C, what is your payoff?

™

If you choose B and the other player chooses D, what is the other player's payoff?

2v

<Review instuctions Begin experiment->
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A new game has been created, and you are paired with a different

player.

Other's choice C

Other's choice D

Your choice A

17 | 20

30| 7

Your choice B

34| 2

15| 2

Please choose a row:

30
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Instructions

In this experiment, you will play a series of simple games in which you and another person each make a
choice and the payoff each of you receive depends on both choices

In total, you will participate in 20 games. At the beginning of each game, you will be randomly matched with a
different person who is also participating in this experiment on Prolific. You and the other person will then see
a game displayed in a table such as the one below.

Other's choice C | Other's choice D
Your choice A 115 2|3
Your choice B 3|4 4|2

The rows of the table show your options, and the columns the other player's options.

The payoffs you receive are shown in blue on the left hand side of the line in each cell of the table, whereas
the other player's choice options and payoffs are shown in red on the right hand side of the line. The table is
read as follows:

o If you choose A and the other player chooses C, you receive 1 point

e |f you choose A and the other player chooses D, you receive 2 points
« |f you choose B and the other player chooses C, you receive 3 points
o If you choose B and the other player chooses D, you receive 4 points

Note that the other player is in a similar situation as you are. This means that:

o |If the other player chooses C and you choose A, the other player receives 5 points
« [f the other player chooses C and you choose B, the other player receives 4 points
o |If the other player chooses D and you choose A, the other player receives 3 points
o |If the other player chooses D and you choose B, the other player receives 2 points

For each game, you will make two decisions:

* You will decide whether to play row A or row B

* We will ask you how certain you are about your decision. Specifically, we are interested in how likely you
think it is (in percent) that the decision you took is actually your best decision, given your preferences
and the available information

You will not be informed of the choice or the identity of the other player. All your decisions will be treated
confidentially.

1 point = $0.01
Keep in mind that you will be randomly rematched with a different player for every new game.

Your earnings in the experiment will be the payoffs obtained in a randomly selected game plus the $2
participation fee

Start pre-experiment quiz
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Other's choice C | Other's choice D

Your choice A 51|14 6 |19

Your choice B 17 113 619

A new game has been created, and you are paired with a different
player.

Please choose a row:

How certain are you that choosing Row B is actually your best decision?

[
0% 25% 50% 75% 100%



