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1 INTRODUCTION

Conlflict scholars and analysts have placed an increased focus on the role that grey-zone (Gartzke
& Lindsey, 2019; Lanoszka, 2016; Lovelace, 2016; Mazarr, 2015), cyber (Schneider 2019;
Kreps & Schneider, 2019;Uribe et al., 2020; Fischerkeller, 2017; Libicki, 2018), and low-level
conventional (Mearsheimer, 1985; Wirtz, 2018; Mueller, 2018) actions can have in shaping
strategic outcomes, along with a renewed interest in the impacts of potential limited nuclear
actions (Colby, 2018; Warden, 2018; Larsen & Kartchner, 2014; Halperin, 1961) in a new era of
strategic competition. Questions of ‘integrated strategy,’ escalation control, and cross- or multi-
domain conflict interactions have expanded the choices faced by planners and decision makers
(Gartzke & Lindsay, 2019), and confounded the assessment of how a nation might best allocate
and apply military means to achieve a given end. While a historical view of conflict is still a
critical starting point for studying future conflicts, new weapon capabilities (e.g., cyber attacks
and cyber-enabled disinformation campaigns, innovations in hypersonic weapons, precision,
navigation and guidance) pose challenges to drawing relevant lessons from wars fought decades
or centuries ago (Lieber & Press, 2016). The increase in complexity of strategic choices and a

lack of relevant historical analogs motivates the design and development of new tools to aid
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military planners, decision-makers, and policymakers that face a challenging modern strategic

reality.

Wargames are a common tool for investigating complex conflict scenarios and have a long
history of informing both military and strategic studies (Caffey, 2019; Oberholtzer et al, 2019;
Perla & Curry, 2011). Seminar-style wargames (Ministry of Defence, 2017) are often used to
investigate scenarios and explore strategic and tactical challenges that planners may face.
Historically, many of these games have not rigorously collected quantitative data, and they have
often been unique, built primarily for exploration rather than developing firm analytical
conclusions. A recent tabletop exercise conducted by the International Institute for Strategic
Studies (IISS) involving an artificial intelligence arms race exemplifies this approach
(Fitzpatrick, 2019). Longitudinal analyses of seminar-style wargames have identified interesting
potential trends and lessons learned (Pauly, 2018; Schneider, 2017). While these analyses are
valuable, the games in the datasets are almost never repeated using exactly the same scenario and
starting conditions, preventing experimental inference and valid tests of the statistical
significance of the outcomes. New wargaming approaches that employ the principles of
experimental design are needed to enable an objective basis for the analysis of conflict escalation

(Lin-Greenberg, 2018; Reddie et al., 2018; Schneider, 2019b; Valeriano and Jensen, 2019).

Experimental wargames (EWGs) are wargames executed using rigorous experimental techniques
to enable hypothesis testing (Reddie et al., 2018). By combining the standard elements of a
traditional wargame with experimental design principles, EWGs are focused on data-driven,
systematic, and quantitative exploration of player decisions, actions, and interactions taken from

highly-controlled scenarios at scale. They produce rich datasets that can be analyzed using a



variety of quantitative methods to measure experimental outcomes and identify patterns of
interest. An EWG complements and can work in concert with traditional wargames, which have
the primary goal of qualitatively exploring the complexities of a scenario to provide insight to

sponsors, organizers, and players (Bartels, 2019; Perla & McGrady, 2011; Rubel, 2006).

Strategic Interaction Game between Nuclear Armed Lands (SIGNAL) is an EWG platform built
in both table-top (SIGNAL-Board) and digital (SIGNAL-Online) formats. SIGNAL was
designed to produce experimentally valid data for quantitative analysis and theory development.
To date, the SIGNAL EWG has been played hundreds of times by thousands of players from
around the world, creating the largest database of wargame data for academic purposes known to

the authors.

The remainder of this section briefly outlines some of the existing data-generating processes
used in social sciences. Section 2 outlines the general experimental design concepts that were
used as guidelines for development. Section 3 describes the SIGNAL wargame, including
elements of the game, gameplay mechanics, and the data collection processes. Section 4
describes the game design choices and connections to experimental principles. Finally, Section 5

provides some lessons learned and a path forward for future experimental wargaming efforts.

1.1 Related Work

In this section, we outline existing data-generating processes used in social science and propose
where experimental wargaming might address the challenges associated with existing
methodological approaches. Discussions concerning the strengths and weaknesses of extant
social science methods are not intended to be exhaustive, but rather to introduce where EWGs

might fit in the broader suite of tools to examine strategic questions.



Case-based research has been used to consider a large number of important questions pertaining
to foreign policy and security studies (Bennett, 2007). Whether engaging with deviant, most-
likely, or most-similar cases, case-based research allows for process tracing, appropriate coding
of historical events for subsequent analysis, and refining theoretical arguments. There are,
however, challenges for case-based research in terms of replicability as well as the external

validity of the analysis (Maoz, 2002).

Capturing large quantities of historical data for statistical analysis is standard in studies of
conflict. In this literature, scholars collect historical data related to wars and militarized disputes.
The Correlates of War (COW) project, for example, publishes multiple datasets related to
conflict, including the Dyadic Military Interstate Dispute dataset used to classify states that
threaten, display, or use force against another state from 1816-2010 (Maoz, 2019). These data
include characteristics of the nations such as their economic and military strength, the volume of
trade between warring states, and alliance relationships. The International Crisis Behavior
Dataset takes a similar approach, coding 482 crises and 1,065 crisis actors from 1918 to 2016
(Brechner et al., 2020). These data are subsequently used to understand the impact of different
factors on conflict, such as economic interdependence (Barbieri, 1996) or the proliferation of
nuclear weapons (Asal & Beardsley, 2007). While both case-based and historical methods are
useful, they are limited to conflicts that have occurred, which may differ from future conflicts.
Additionally, as is the case with any observational study, researchers lack the precise
methodological control to identify causal factors (Hyde, 2015). And perhaps the most
challenging aspect is that data is often unavailable for specific types of research questions,

particularly those addressing how emerging military capabilities might reshape strategic stability.



In the absence of empirical data, scholars have turned to a variety of modeling approaches to
address a series of security challenges, building on insights derived from game theory. For
example, formal models provide researchers with a means to “provide a more precise statement
of the relations among various concepts in a mathematical form” (Snidal, 2004). These
mathematical formulations are then used to make logical inferences about relationships in the
real world. Computer-based modeling approaches further extend formal models to scale,
accounting for increasing levels of complexity. However, these models are commonly criticized
for their simplifying assumptions concerning actor rationality and perfect information, for
limiting analyses to small numbers of actors, and for the lack of empirical evidence that support
these assumptions (Lebow & Stein, 1989; Schmitter, 2016). Agent-based models, a commonly
used class of computational models, may also suffer from calibration and validation problems

(Heath, Hill & Ciarallo, 2009; Macal, 2016).

Vignette-based survey experiments address some of these challenges by creating bespoke
experimental conditions to test a specific research question and provide the researcher with
considerable flexibility in terms of the types of scenarios that they can interrogate (Press, 2013;
Sagan and Valentino, 2017; Wess & Dafoe, 2019). These approaches do not impose rationality
on research subjects—instead allowing for a behavioral analysis of how subjects might address
strategic questions (Mullinix et al., 2015). Concerns remain regarding whether appropriate
research subjects are sampled, whether a research subject has internalized the experimental
treatment, whether survey experiments allow subjects to consider the intricacies of a particular
scenario, and whether the respondent is sufficiently immersed within the experiment

environment (Pauly, 2018).



In academia, these methods provide the analytical foundations for much of the existing
scholarship. In policy-oriented research, however, wargames—often seminar-based wargames—
have also been used as data-generating processes to consider how new types of military
capabilities or changes in military doctrine might influence military and strategic engagement
(Ministry of Defence, 2017; Perla & McGrady, 2011). Wargames offer researchers broad
flexibility to investigate the complexity associated with decision-making in a security context
within an immersive environment that can be used to interrogate various types of human
behavior, from competition to cooperation. This method, however, has its own challenges. As
most existing wargame designs rely on white cell adjudication, researchers cannot precisely
replicate scenario conditions and introduce sources of bias. Many wargame designs are also often
played only once—usually, with a homogenous set of players. Observing the strengths and
weaknesses of wargaming methods, we suggest that combining wargames with experimental
design principles—in what we describe as “experimental wargaming”—offers a useful

complementary contribution to the methods outlined above.

While EWGs have their own methodological challenges, they usefully address some of those
outlined above. Like survey experiments, they do not assign external attributes of rationality to
research subjects. They also allow for an exploration of scenarios that do not occur “in the real
world”, allowing scholars to ask questions that might otherwise go unanswered. And, unlike
survey experiments, respondents are immersed for long periods of time in a game environment
that, while still abstract, better approximates the complexity associated with real-world decision-
making. These attributes drive the pursuit of the experimental wargaming design described in

this article.



2 BUILDING EXPERIMENTAL WARGAMES

We start by defining the standard elements of a wargame (Perla & McGrady, 2011):

e Objectives — The objectives define the scope and basic purpose of the game.

e Scenario — The scenario provides players with the context needed for decision-making. It
includes both the goals that players are instructed to achieve and the resources that they
have available to attempt to achieve these goals.

e Database — This is the supplemental (quantitative) information provided to the players.
This information is usually provided to ensure players have the necessary information to
make meaningful decisions.

e Models — Models are the way that wargames simulate reality via methods such as
mathematical expressions. These provide the adjudicators a principled way to evaluate
outcomes, but are at best an approximation of reality.

¢ Rules and procedures — These build a common understanding between the participants
on how the scenario, databases, and models will be used in the wargame and how the
participants are allowed to interact with each other.

e Players — The players of a wargame capture not only the sides represented in the game,
but also the characteristics and backgrounds of the participants that fill these roles.

Next, consider that our objective is to study realistic human decision-making in strategic contexts
in a way that allows identification of relationships between potentially causal factors and
outcomes of interest, which could be a behavior, a decision, a motivation, etc. By reducing as
many extraneous influences as possible on player actions and by comparing the relative
differences in the outcome of interest between experimental conditions, we can answer questions

related to correlation and causality. In an experiment, we identify these relationships by



instrumenting the hypothesized causal factor as a ‘condition,” comparing it against other neutral
or control conditions, and holding all else equal. The following set of experimental design
characteristics may be employed with wargames:

¢ Randomization — Participants are randomly assigned to either the treatment or control
groups. This ensures that participants have an equal probability of being assigned each set
of starting conditions and serves to lessen the impact of prior knowledge or participant
biases on the experimental outcomes.

e Replicability — An experiment must be repeatable to allow for data to be accumulated
across the different experimental conditions. Such an approach incorporates a wide range
of human variability while enabling generation of a sufficiently large data set to make
statistically valid conclusions.

e Controllability — The experiment must be controllable to allow for systematic
manipulation of the independent variable, thereby facilitating the establishment of causal
relationships. By changing one variable at a time, resulting changes in player behavior
and/or conflict patterns may be attributed to this single change.

¢ Instrumented — The experiment must allow for the capture of player behavior, actions,
and other data that provide information about the experimental tasks. To the greatest
extent possible, the data collection process should be designed to reduce the need for
human-in-the-loop interpretation and coding, as is often the case with transcription of
oral conversations.

e Neutrality — The experiment should not bias participant behavior with regard to the
research question. A variety of behavior and action options should be made available to

participants—some that support the hypothesis and some that do not. Interaction between



the experimenter and participants should be limited to reduce potential impacts from

experimenter bias and to avoid inadvertent communication of expectations to

participants.
In an EWG, participants take part in an experimental task which is conducted as a sequence of
activities defined by the experimenter to explore a specific research question or set of
hypotheses. Prior to the EWG, participants are randomly assigned different starting conditions,
which form the basis for treatment and control groups in the comparative experiment. The
treatment conditions are varied relative to the control setting in specific and tightly controlled
ways. Before, during, and after the experimental task, data are collected on participant
demographics and behavior. The conditions are such that a quantitative evaluation of the relative
difference of various outcomes between conditions can allow the use of established statistical
methods for hypothesis testing (Maxwell, Delaney, & Kelley, 2017).
While experimental principles offer a framework for wargame design that provides increased
rigor and reduces potential biases, a key challenge to EWG design lies in balancing player
engagement and experimental rigor — navigating an accuracy-simplicity tradeoff (Hernandez,
McDonald, & Ouellet, 2015; Schneider, 2017). While designing SIGNAL, we found that
conflicting demands between these design principles required tough decisions. A major tradeoff
we faced was between the fidelity of the scenario and the experimental demands, specifically in
keeping the experiment simple enough to establish causal relationships. Below, we discuss
SIGNAL and the decisions and tradeoffs made in its design, but note that other EWGs might

make different decisions when considering these tradeoffs.



3 THE SIGNAL WARGAME

We designed the SIGNAL EWG as a platform to study player decisions and strategy, with a
focus on conflict escalation between nuclear-armed states in a multipolar world. The research
question was whether, in the context of an experimental wargame, conflict escalation, as
measured by in-game likelihood of nuclear use, was affected by the inclusion of tailored output
nuclear weapons such as high-precision low-yield and enhanced electromagnetic pulse weapons.
A variety of arguments have been made about the potential impact of tailored output weapons on
the risk of nuclear war. Some argue that the credibility of tailored output weapons would
strengthen deterrence among the major nuclear powers. That is, tailored output weapons will
reduce the gap in nuclear capabilities (DoD 2018; Dodge 2018; Lieber and Press, 2009; Williams
& Lowther, 2017), send a firm signal to adversaries (Harvey 2017; O’Hanlon 2018), and thereby
prevent adversary leadership’s miscalculations. However, such characteristics of tailored output
weapons could generate other systemic consequences that could serve to escalate a nuclear
conflict. Others argue that tailored output weapons may incentivize military commanders to
favorably reconsider nuclear options (Mecklin 2017), blur the threshold between conventional
and nuclear weapons use (Narang 2018; Weber & Parthemore 2019), or misunderstand an
adversary’s intentions, leading to a new arms race, and thereby increasing the likelihood of

nuclear use (Coyle & McKeon 2017; Doyle 2017; Trenin 2019; ZhaoTong 2019).

While SIGNAL (or similar games) could be used to study a wide range of hypotheses, many of
the design elements were explicitly driven by this research question. As a tool for inquiry,
SIGNAL was developed as a complement to traditional wargaming to address academic needs
unmet by game theory and empirical conflict research while not attempting to compete in areas

where those platforms excel. For example, SIGNAL does not provide the immersive experience



or battlefield realism of a tactical wargame, or the interactions with professional policymakers
that are often a key element of a seminar-style wargame. Instead, SIGNAL is intended to be a
laboratory for experimentation, data collection, and hypothesis-testing about the dynamics of
armed conflict and strategic interactions. Although current incentives and instrumentation in
SIGNAL are focused on studying conflict escalation, we believe that many of the techniques
employed here could be modified to answer a wide range of related questions on grey-zone,

cyber, nuclear, and low-level conventional conflict.

Beyond the single metric of nuclear use, SIGNAL data can be used to analyze conflict escalation
and de-escalation ladders by looking at the choices players make in subsequent turns. For
example, if two players engage in conventional conflict through infantry attacks on each other,
then we may classify that round as “conventional conflict”. However, if in the next round one of
those players launches a nuclear attack, then that round might be classified as “nuclear attack”.
Seeing how these classes of behavior evolve over successive rounds can give a sense of
escalation or descalation and allow for an analyst to investigate the antecendents to escalation or

deescalation.

Gameplay in SIGNAL takes place in a fictional world with three countries. The countries are
intentionally abstract, facilitating exploration of how players with specific characteristics
respond to discrete strategic challenges, as opposed to how they feel a particular country would
act in a specific scenario. Players can take economic, military, and diplomatic action through
provided capabilities, each with defined costs and effects. Players follow a set routine of staging
and executing these capabilities, but the game otherwise places few limits on their interactions.

Players can create their own diplomatic and economic agreements as long as the technical rules



of play are not violated. Military alliances can be formed, arms control agreements negotiated,

and nuclear umbrellas created at the behest of the players.

SIGNAL was designed to be executed on two platforms: a board game and an online game. The
in-person nature of SIGNAL-Board allows closer interpersonal interactions among players and
consequently provides a more socially immersive and dynamic experience than the online game.
However, data gathering is more challenging with SIGNAL-Board and important verbal
exchanges can be missed in the player/rapporteur data-recording process (See Section 3.2).
While personal relationships may be weakened in anonymous online interactions, SIGNAL-
Online logs all player actions automatically, and interactions among players occur through an in-
game chat window that are recorded for later analyses. There are potential advantages to the
relative anonymity of SIGNAL-Online as it avoids biases that could be introduced by existing
relationships between in-person players or expectations of how a player from a certain
organization or role should act. In general, the design of SIGNAL between the two platforms is
the same, but cases where differences occured will be denoted by referring to SIGNAL-Board or
SIGNAL-Online, as appropriate. Specific design elements of note will be highlighted in this
document. Readers interested in more detail can refer to the full set of rules available in the

SIGNAL manual (Armenta et al, 2020).

3.1 A Brief Summary of SIGNAL Game Play and Mechanics

As shown in Figure 1, SIGNAL is played on a map that contains three major player countries,
named for their colors: Orange, Green, and Purple. The map is divided into small hexagonal
regions (“hexes”) representing spatial cells on the game map. The contents of most hexes within

each country represent control of territory denoted by player color, but some also offer the player



resources or infrastructure. Smaller, independent non-player countries (shown in grey) consist of
a few hexes each, typically with a single resource. Each major player country has a certain

population size , and each player controls an initial supply of currency.
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Figure 1 The maps of SIGNAL-Board (left) and Signal-Online (right).

Players are provided with a range of military and economic capabilities to interact with other
players in the game environment including trade mechanisms, military actions, chat, and
methods of developing infrastructure. In addition, depending on the conditions being tested,
players may be given access to various types of nuclear weapon capabilities. These weapon
capabilities may be used to threaten or negotiate with other players, and may also be employed
for military action. Capabilities, starting resources, and geography vary by country. Most

notably, Orange lacks nuclear capabilities, but was bestowed other non-nuclear advantages.

The game consists of five rounds of play, each divided into three phases. In the first phase of
each round (the “Signaling Phase”), players simultaneously signal their intentions by placing
tokens on hexes to indicate where they may take an action in the next phase. Each player also

places Action Cards face-down in front of them, representing the actions that could be executed



on one of the hexes containing a token. The staging of each Action Card is accompanied by a
nominal monetary cost to the player. The backs of the cards show the category of action to be
played (nuclear military action, conventional military action, or infrastructure development), but
not the specific action type. Up to eight Action Cards and up to twelve Signaling Tokens can be
staged during the Signaling Phase. However, at this point, players are not required to tie any of
the cards to a particular token. Communication is allowed between players throughout the game,

but, in this phase, players can make diplomatic and economic agreements with other players.

Next, SIGNAL transitions to the second phase (the "Resolution Phase") in which players
implement actions using the Action Cards and Signaling Tokens that they previously staged in
the Signaling Phase. This phase is organized into a series of rotations where each player may
combine one of their staged Action Cards with one of their staged Signaling Tokens to create an
effect within the game — this is called a turn. Executing an action carries additional costs beyond
those of simply staging the Action Card. Some actions have a random element associated with
them, such as a chance of failure in executing a military strike, which is resolved at this point. A
player may also choose to pass and not play a card. Once all players have had an opportunity to
take a turn, a new rotation starts. Once all players have “passed” within a single rotation, the

Resolution Phase ends and the game moves to the Upkeep Phase.

In the Upkeep Phase, the consequences of prior actions are calculated. First, player resources,
total population, and income are calculated — reflecting changes in access to resources based on
trades or hex ownership. Then, any player who has more population than can be supported by
their food supplies is forced to reduce their infrastructure (each of which represents a specific

amount of “population”) until this imbalance is resolved. During each Upkeep Phase, players



also calculate their current score. Players are given the same set of three goals for every game: 1)
Maximize the value of infrastructure controlled (the infrastructure goal), 2) Maximize the
number of resources controlled (the resources goal), and 3) Minimize the number of home
country hexes that are lost (the defense goal). A player’s score depends on how well they
perform in each of these three categories relative to other players in the game. At the end of the
fifth round of gameplay, the player with the highest score is the winner. A detailed description of

SIGNAL rules and game mechanics is provided in (Armenta et al., 2020).

3.2 SIGNAL Data Collection

Data collection in SIGNAL-Board takes place at the end of the Signaling Phase, after each turn
in the Resolution Phase, and at the end of the Upkeep Phase. This is tracked by data sheets that
are filled out by participants (See Appendix A). The data collected at the end of the Signaling
Phase provides a snapshot of the state of each player’s Signaling Tokens and Action Cards, as
well as a brief description of any significant diplomacy (including any economic agreements)
that occurred between the players. The data collected in the Resolution Phase captures
information about each action taken: the action, when and where it occurred, and the outcome
(for actions that have an element of randomness). The data collected at the end of the Upkeep
Phase captures a summary of the overall game state, including resource counts, income, and each

of the player’s current scores.

In the SIGNAL-Online setting, a superset of the data recorded in the board game are
automatically collected. In addition to the information described above, the sequence and timing
of Signaling Token placement and Action Cards staging are recorded, as are data pertaining to

Signaling Tokens or Action Cards that are staged and subsequently removed before the end of



the Signaling Phase is reached (e.g., because of a threat that was successful in changing the

behavior of another player). Detailed chat logs are also recorded.

For the first SIGNAL data collection campaign (which concluded on Dec 20, 2019), the final
dataset consisting of 32 Signal-Board games and 447 Signal-Online games was obtained after
removing games with project members or bots, and games that did not complete at least three
rounds. This dataset was used for all figures in this document. For these games, there were
consistently two nuclear-armed players and one non-nuclear player, though the specific nuclear

capabilities of the players varied based on the condition.

4 DESIGNING SIGNAL AS AN EXPERIMENAL
ENVIRONMENT

In this section, we discuss a subset of the design decisions that were made for SIGNAL and how
they were motivated by SIGNAL’s purpose as an experimental environment for studying conflict

escalation and nuclear use.

4.1 Scenario Concepts Design

Scenarios were intentionally designed to create situations where players were motivated by game
objective and win conditions to come into conflict with each other, but were not forced to do so.
To achieve this, the map and other elements were arranged to incentivize conflict without
restricting the players to a particular decision path. Below are some details on the map and

conflict drivers implemented towards these goals.



4.1.1 Map Design

We highlight three main elements of map design: the choice of a hexagonal tessellation, the

design of the major countries, and the design of the minor states.

4.1.1.1 Hexagonal Tessellation

We chose a hexagon tessellation of the space for two reasons. First, the tessellation gave us an
appropriate level of abstraction for our strategic level of focus. Hexagons, specifically, were
employed as they make distance functions straightforward (the distance between the center of all
adjacent hexes is the same) as opposed to square grids that require either accepting irrational
numbers to handle diagonal movement, operating under “Manhattan distance” (where you count
the distance without diagonals), or warping the projection such that diagonal movements are

treated as having the same distance as orthogonal movements.

4.1.1.2 Design of Major Countries

To prevent a player’s choices from being driven by their perception of how current (or historical)
real world states would act, a fictional world was constructed using three primary countries
without strong geographic parallels to existing superpowers. Testing of early designs revealed
that even with fictional countries, superficial resemblance to real world countries was sufficient
to alter player behavior. Thus, the SIGNAL map was constructed to be as distinct as possible
from modern geopolitical boundaries, both in terms of landmass shapes and iconic colors (e.g.,

avoiding a "red" country that players may associate with an adversary nation).

4.1.1.3 Design of the Minor States
The map also included a number of smaller, independent “minor states” that were not controlled

by any player at the start of the game. Each minor state holds a natural resource that is of value



to the players. Though the minor states are not controlled by any particular player, each player-
controlled state begins the game allied with one minor state, thereby dominating access to its
land and resources. Player interaction with minor states may involve “soft” force (where the
player builds military infrastructure in the minor state) or military action (where the player
invades the minor state using conventional or nuclear military capabilities). Due to their value
and locations, minor states provide a possible catalyst for conflict, allowing for low-level
conflicts to potentially develop between the players without existential threats. Figure 2 shows
the distribution of Signaling Tokens placed on each hex for the 479 SIGNAL-Board and
SIGNAL-Online games in the dataset. The number corresponds to the total count of Siganling
Tokens in that location and the pie chart shows the fraction of this count that belonged to each
player. As shown in Figure 2, the grey minor states (especially the ones centrally located near all
three player’s borders), received a significant fraction of the total number of Signaling Tokens

(39%) while representing approximently 17% of the hexes on the gameboard.
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Figure 2 The distribution of where Signaling Tokens were placed in the dataset. Each hex displays the total count of Signaling
Tokens and the fraction placed by each of the three players from the entire data set. As noted in the legend, the darkest shade

corresponds to Green, the middle shade to Orange and the lightest shade to Purple.



4.1.2 Design of Conflict Drivers
Next, we highlight two specific elements, resource design and the win condition design, both of

which are intended to incentivize conflict between players.

4.1.2.1 Resource Design

We designed the resources in SIGNAL to provide ongoing utility to the players in addition to
impacting endgame scoring. Resources were intended to be both a catalyst of conflict and a
driver of diplomacy and trade. To enable trade, we needed a variety of resources and the
marginal value of these resources to differ between players. SIGNAL’s design included four
different resources: oil, iron, precious metal, and food. Access to oil and iron lowered the cost of
specific actions if a player had access to them. However, they were designed to not be consumed
upon use so there would be no direct value in controlling more than one source, and therefore
would be more valuable to a player lacking the resource than to the player with a surplus. A third
resource, precious metal, directly influenced a player’s income. Thus, it did not have decreasing
marginal value (beyond the decreasing marginal value generally inherent in money), which
meant that these were more often sources of conflict. The fourth resource, food, was a
requirement for supporting population and infrastructure. Infrastructure was necessary to
generate income (and thus the ability to take actions within the game) and to increase end-game
scoring. Since resources were required to develop infrastructure, player ability to develop
infrastructure was limited unless they expanded their area of influence — which was a source of
conflict. Finally, we varied the distribution of initial resources to balance the starting abilities of
the three players, particularly with respect to the availability of nuclear forces. We did this by

providing a surplus of iron and oil to the non-nuclear power and a lack for one of these resources



to each of the nuclear powers. This provided players a potential economic incentive for making

alliances at the start of the game.

4.1.2.2 Win Conditions Design

The three goals assigned to players (infrastructure, resources, and defense) provide a natural path
to conflict—both directly (through competition for resources) and indirectly (through needing
food to expand infrastructure). The defense goal helps to maintain conflicts once they start, by
providing an incentive for players to repel and retaliate against attacks that impact their
homelands. Each goal has the same number of points potentially available, and scoring is
assessed relative to the performance of other players. This was implemented to encourage
players to simultaneously pursue multiple goals to win the game, as it is not possible to win by

dominating a single goal at the expense of the other two.

Player goals were symmetric and public to allow the game to be played multiple times by the
same player, and to minimize confounding factors. If player goals were private, some degree of
randomization would be necessary to allow for multiple playthroughs. Private, randomized
player goals would introduce a potential confounding factor in our analysis. Symmetric goals
also guarantee that players' aims would be in direct conflict with each other, maximizing the
intersection of player interests with the minimum cognitive overhead. Finally, while our research
interests do not place significance on the winner of each game, they do place heavy importance
on player engagement with the win conditions, which provides the incentives necessary for the
goals to influence behavior. Win rates, instead of individual wins, are used to assess balance in
the game. To make their position as a non-nuclear nation more competitive, Orange was assigned

a slightly larger and more flexible set of starting resources and a bonus point in their score. To



evaluate how well we achieved balance, we examined the overall win rates of the three sides in
both SIGNAL-Online and SIGNAL-Board. This design resulted in each country winning an
approximately equal fraction of the games in SIGNAL-Online, as shown in Figure 3. In contrast,
in SIGNAL-Board, Orange won considerably more often than either of the two nuclear-armed
players, although it is unclear if this difference is due to significant differences in how players
approached the board game platform or the smaller sample size (i.e., 26 Signal-Board games v.

461 Signal-Online games).

Orange

QOrange

Purple 39.9%

23.1%
23.1% 31.0%

Green

Purple Green

Figure 3 Fraction of games won by each player color for SIGNAL-Board (left) and SIGNAL-Online (right).

4.2 Outcome Arbitration Design

We designed the general rule structure of SIGNAL to address two high-level concerns. First, we
avoid the use of the traditional white cell adjudication, avoiding potential experimenter bias and
allowing data to be collected at-scale. Second, to ensure neutrality, there were no nuclear-use

norms communicated to players.

4.2.1 Automated Rules-Based Arbitration



SIGNAL players are provided with instructions — a fixed ruleset that governs behavior within the
game world. This rules-based system was adopted, instead of white cell adjudication, to avoid
the possibility of both intentional and unintentional bias by the adjucation team, promoting
neutrality and replicability of the game execution. It also enabled us to run SIGNAL-Online at
scale. Developing a rule set that was complete enough to avoid the need for referees, but short
enough for players to learn quickly, required simplifications and abstractions of many player

actions. Additional discussion provided in Section 4.4.

4.2.2 Lack of Imposed Norms Arbitration

The research question is focused on conflict escalation and thus ties to concepts of deterrence
theory — the theory of how to deter an action by an antagonist. An important component of
deterrence is creating and communicating future normative costs for proscribed actions. When
deterrence fails, the costs paid by the attacker are not just the capital costs of the use of the
weapon, but may also include the retaliatory costs imposed by the (failed) deterrer. To minimize
experimenter bias, we designed SIGNAL so that the norms around nuclear use, retaliatory
actions, and costs had to be set by the players. If the game penalized nuclear use with a high
retaliatory cost in a mechanical way, it could artificially bias the players against nuclear use and
impact the very behavior we were attempting to study. Rather than imposing the structure of
deterrence through the game rules, we intentionally chose to let the players develop their own
nuclear norms and deterrence systems. SIGNAL does not suggest or presuppose a set of norms
around nuclear use, and the in-game cost of nuclear use is similar to the cost of using other
military capabilities. However, SIGNAL does provides numerous avenues for the players to
develop their own norms, allowing for diplomatic, economic, and military consequences, as well

as open-ended agreements between players.



4.3 Round Structure Design

Each of the three phases of the game was designed to fulfill specific needs in the experiment.
The Signaling Phase provides an open forum for players to engage in trade, diplomacy, and
threats and to plan military actions; it also gives the experimenter the opportunity to collect data
on these actions. The Resolution Phase was influenced by our data collection needs and to
minimize the amount of complexity in resolving actions. The Upkeep Phase was designed for
data collection and accounting purposes and is automated in SIGNAL-Online. The design

considerations for the Signaling Phase and Resolution Phase are addressed in turn below.

4.3.1 Signaling Phase

The structure of the Signaling Phase provides elements of uncertainty and flexibility to the
players. Uncertainty is introduced in the staging of Action Cards, as the displayed side of the
card only shows the type of card (infrastructure, conventional weapon use, or nuclear weapon
use), but not the specific card within each type. Signaling Tokens may be placed freely, but
staging Action Cards imposes a cost, even if they are not used in later phases. In this way, both
credible deterrence and flexibility of response carry concrete costs to the players. This allows
players to negotiate (make trade deals, form alliances, create non-aggression pacts, etc.) and
coerce (make threats, deter, etc.). To enable this, the Signaling Phase is unstructured, allowing all
of the players to continuously make real-time updates to their Signaling Tokens and staged

Action Card set in reaction to other players.

Additionally, because the players can stage any (or none) of their Action Cards and each card
can be later associated with any Signaling Token (or none), players have significant flexibility in

both what actions are eventually taken and where those actions are executed—even after they



have committed to a set of Action Cards and Signaling Token placements. This flexibility
however creates uncertainty in the other players. Because twelve Signaling Tokens but only eight
Action Cards can be played, opposing players (and sometimes the player doing the signaling) do
not know what and where an action will be taken until a play is made, and which signals, if any,

are bluffs.

4.3.2 Resolution Phase

In the Resolution Phase, players execute their plans and effect significant changes in the
underlying game state. In this phase, players make explicit the connection between specific
Signaling Tokens and Action Cards (as well as revealing to other players the full details of the
card that they are executing). To allow us to more clearly disentangle cause and effect, the
Resolution Phase was explicitly designed such that only one player can take an action at a time.
Finally, to streamline the implementation, each player action is completely self-contained. That
is, any response to an action by other players must be executed as a separate action on their next

turn. The purpose of this was to reduce pauses in the game due to shifts in player control.

4.4 Design of Capability Mix

Player capabilities addressed two main elements. The general mix of included capabilities was
driven largely by the strategic scenario we designed around. In contrast, the specifics of how the
nuclear capabilities were designed and how they related to the non-nuclear capabilities were

driven by the research questions.

4.4.1 Capability Mix Provided to Players

All players were provided with the following capabilities:



e The ability to build civilian infrastructure

e The ability to build military infrastructure

e The ability to preemptively defend a hex

e The ability to perform a conventional attack on a hex

o The ability to perform a naval attack on a coastal hex

o The ability to destroy infrastructure via conventional missile strike

e The ability to perform a cyber attack on a hex to temporarily disable infrastructure

In addition to these capabilities, nuclear-armed states were always given access to traditional
nuclear weapons. Players in the control group only had access to those nuclear weapons, while
players in a condition with tailored-output nuclear capabilities were also given access to

electromagnetic pulse (EMP) and high-precision low yield (HPLY) nuclear weapons.

Tensions in the design of SIGNAL manifested in balancing the complexity necessary to capture
the elements and dynamics of strategic deterrence against the cognitive load imposed by the
ruleset. The rules were simplified in dimensions that were tangential to the research question to
minimize this complexity. For example, players were given only the high-level abilities
described above, instead of detailed combinations of weapons and platforms, reflecting the focus

on strategic decision-making, rather than battlefield dynamics.

4.4.2 NW Effect Capability Design

Traditional and tailored-output nuclear weapons differ in weapon effects. In SIGNAL, traditional
NWs destroy multiple hexes, removing them for the entirety of a game. Tailored output NWs
provide players alternative, but related effects: EMP affects only the infrastructure and lasts only

for one round while HPLY takes out a single hex for the entirety of the game. While each of



these effects are abstractions of real-world effects, the research question we were studying made

details related to delivery systems less vital to model.

4.4.3 Non-Nuclear Capability Design

The non-nuclear options available to the players fulfill two roles. They provide potential rungs
on the deterrence ladder, and they offer military alternatives to nuclear conflict. We have
provided relatively close non-nuclear analogs to each of the NW capabilities (if each lacking in
some fashion) to avoid situations in which players felt they had to use a nuclear weapon to
achieve their goals. Both the nuclear and conventional military options offer a long-range attack,
the ability to impact an area, the ability to remove territory from a player, the ability to deny
resources to another player, and the ability to destroy or temporarily damage infrastructure. The
only element present on NW cards that is completely unachievable using a conventional military

card is permanent hex destruction.

To evaluate how successful we were in providing non-nuclear alternatives we looked at the
distribution of Action Card usage across SIGNAL-Board and SIGNAL-Online (Figure 4). In
general, this design choice appeared to be successful, as we saw significant usage of both
traditional nuclear and non-nuclear options, suggesting that the choice of action was a
meaningful decision for the player. Surprisingly, both EMP cards and their non-nuclear
counterparts (cyber strike) were used less often than other cards. This suggests that although
cyber strike was a good proxy for EMP, the effect that both provided (temporary damage) was
not valued by players in the SIGNAL environment. Finally, while HPLY also had limited use,
we saw a more significant employment of its closest non-nuclear proxy, Conventional Missile

Strike.
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Figure 4 Distribution of Action Card usage for SIGNAL-Board (left) and Signal-Online (right).

4.5 Other Design Considerations

Finally, we summarize several other key design elements. First, we explain the rationale for why
SIGNAL is a three-player game, addressing both neutrality and research question concerns.
Second, we discuss the elements of randomness and their role in game mechanics. Third, we
outline the design considerations for mapping game time to real time. Fourth, we discuss how we
chose to handle and record player communications. Finally, we cover the demographics for

which SIGNAL was designed.

4.5.1 Number of Players

SIGNAL was designed as a three-player game for several reasons, but most importantly to create
the opportunity for cooperation in a competitive environment. The final scoring is zero-sum,
meaning that any gains in score that a player achieves come at a matching cost to another
player’s score. However, the subgames formed by any pairwise interaction between two players
are not non-zero sum, as two players can cooperate to take points from the third player. This
game characteristic allows for cooperation to be rational even when the greater game is zero-
sum. The three-player nature of the game also minimizes the burden to achieve precise explicit

balancing of the scenario. If it turns out that elements (such as initial conditions) favor a



particular side, the other two players would have incentive to cooperate to blunt this advantage.
Finally, three-player games have been given significantly less attention in the academic
deterrence literature than the two-player setting (due in part to the significant complexity
introduced by moving beyond two players). Therefore SIGNAL provides a unique opportunity to

study nuclear dyads in a multipolar environment.

4.5.2 Randomness

While some elements of randomness were included, we aimed to keep them both limited and
intuitive to reduce the cognitive load on the players and to emphasize the value of strategy. In
SIGNAL-Board, we express the probabilities to the players by requiring them to roll a given
value or higher on a pair of 6-sided dice (under the assumption that most people have a
reasonable intuition around the relative probabilities of dice games). In SIGNAL-Online, we

provide the players with the probabilities of success directly.

The randomness included in the game mechanics falls into three categories: success randomness,
effect randomness, and turn-order randomness. Success randomness — i.e., for an action to be
successful the player must get a die roll within a certain range — is primarily employed in our
design of conventional military actions, which have a chance of failing to achieve their objective.
Effect randomness is primarily used for the traditional NW cards. Here, the primary goal of the
player is guaranteed to be acomplished, but the secondary effects (additionally impacted hexes
near the target hex) are randomly assigned. Appendix B shows the six different secondary effect
patterns representing randomness in location of fallout. At the time of use, one of the secondary

effect patterns was randomly chosen. The final type of randomness introduced arises in the turn



order, where the start player is randomly chosen for each rotation. This was implemented to

make it more difficult for players to have an advantage due their position in the turn order.

4.5.3 Time Scale

We designed SIGNAL to focus on strategic-level decision making within an explicit framing
scenario. As part of the abstraction, no in-game time duration is tied to the game rounds, and all
action cards can be completed in a single turn. This introduces somewhat unrealistic timescales
(e.g., allowing the building of infrastructure or the relocation of naval units to occur in the same
time as a missile strike). However, by leaving timescales abstract and unstated, the game avoids
making this detail salient to the players. This also avoids creating a bias towards weapon types
that could be employed quickly. The desire to understand causality for conflict escalation
incentivized us to have clear sequences of actions, and our concerns over complexity and

cognitive load led us to sacrifice fidelity in this area.

4.5.4 Player Communication

Much of the SIGNAL gameplay dynamics hinge on the ability of players to threaten and bargain,
making communication critical. As such, the capacity to capture player communication was
deemed of high importance when it was feasible to do so, such as in SIGNAL-Online. Both
global (broadcast) and private (player-to-player) communication channels were provided to
players in SIGNAL-Online, to minimize the incentive for players to seek external methods of

communication.

4.5.5 Target Demographics
We designed SIGNAL to be approachable by a wide demographic range, from policy experts to

the general public. As data collection for SIGNAL-Board required a labor-intensive effort, we



targeted three primary populations: national security and military personnel, graduate students,
and undergraduate students in relevant fields. These choices were driven by both a desire for
populations that were comparable to other experiments (e.g., undergraduates) as well as the need
for a large enough population to build up a sizeable library of games. For SIGNAL-Online, in
which the data collection overhead was much lower, we targeted a broader population. While we
continued to actively recruit from the above three segments, we also recruited via Amazon’s

Mechanical Turk and released SIGNAL-Online publicly to make it more accessible.

S DISCUSSION

Wargames, in many forms, provide valuable insights to strategists and decision makers.
However, historical wargaming approaches generally lack the characteristics that are necessary
for the rigorous testing of concepts and ideas. We propose experimental wargaming as a
potential new method for conflict researchers, strategy analysts, and scholars to use in concert
with traditional methods of inquiry. This will allow for data-rich, quantitative analyses to help

guide theory development and exploration.

5.1 A Wargaming Community Challenge

We have designed and built SIGNAL to satisfy certain requirements that enable rigorous data
collection, analysis, and inquiry. Because it contains the elements discussed in Section 2, we
argue that SIGNAL represents an EWG. However, the desirable attributes listed here may not be
exhaustive for an EWG, and different applications may call for different emphasis. What is
needed is a conversation and concerted effort within the wargaming community of practice to
formalize the definitions, requirements, and guidelines for building and conducting EWGs as

well as analyzing the data they produce. While SIGNAL represents one attempt at developing



and executing an EWG with many lessons learned, there are many more to be learned and
shared. Finally, for this is to be maximally useful to the broader community, there is value in
transparency. This document as well as the ruleset (Armenta et al., 2020) are one aspect of this,
but we also plan to release an anonymized version of the data set that we collected with

SIGNAL, as a potential resource for others.

5.2 The Value of an Experimental Framework

Data generated in SIGNAL, informed by an experimental framework, is complementary with
data generated from other experimental methodologies. Beyond that, however, the structured
nature of experimental design has other advantages. One of the less obvious ones is in design
reuse. Although some of the design decisions of SIGNAL were driven by the specific research
questions, many were driven by the experimental methodology. While another EWG exploring
different research questions might be designed differently, there are many elements of SIGNAL

that can be used as an informed starting point for new EWGs.

5.3 Demographic Analysis

One of the necessary elements of SIGNAL is the ability to reach a large number of participants
to gather data from a large number of games. This was achieved by developing the online
version of SIGNAL which leveraged the growth of internet availability across the world,
computing capabilities enjoyed by a diverse population, and cloud-based infrastructure that

permits scalable data collection.

While primarily designed to allow for replicability, developing an internet-based experiment also
allows us to better interrogate the effects of culture and background on behavior in national

security scenarios. All participants in SIGNAL take a demographic survey before playing the



game. We collect information on age, gender, geographical location, expertise in national
security matters, and political affiliation. Each of these properties can be investigated for their
independent and combinatorial effect on participant behavior within SIGNAL. This provides a
richer data set for generalizable theory development that accounts for potential impact of
different environments. One specific opportunity for future work that arises from this
demographic data is the ability to contribute to the question of the impact of expertise on
behavior. Beyond being a critical question to address if we want to collect data from the general
population, it has also arisen in a wide range of fields (Silvia et al., 2015; Wimshurst, Sowden, &

Wright, 2016).

5.4 Lessons Learned

Our data collection events reinforced our assumptions about the importance of minimizing the
cognitive load on participants. First, increased game complexity potentially increases the time
necessary for instruction and comprehension of game rules. This increases the risk of player
behavior being driven by difficulties in understanding how the game works rather than strategic
considerations in achieving the goals. Game complexity also increases the risk of players
disengaging early (causing data loss), either by no longer pursuing the win conditions or exiting
the game. High complexity can also discourage players from participating in a game in the first
place due to concern about the complexity of the game or because of limited time, increasing the
difficulty in recruiting players. A SIGNAL-Board game, from instruction through playthrough,

took four hours to complete, while the SIGNAL-Online took one hour.

In our early tests of SIGNAL-Board, we also learned the importance of providing an opportunity

for the participants to explore the simulation environment prior to data collection. We solved this



issue via a combination of tutorials and an exploratory round that allowed players to take actions
with no consequences against temporary opponents; we then reset to the initial conditions and
real seating assignments after the sandbox round ended. This both provided a space for players to
explore salient strategies prior to data collection as well as supporting alternate learning styles.
Through our beta testing, we generally found there was value in increasing this exploration time
even at the cost of less time spent collecting data, as it led to fewer players making poor choices
in the first round of play that then impacted the remainder of the game. Of course, this was not
sufficient to eliminate all problematic behavior. We observed players who chose to ignore the
stated goals to pursue goals of their own, which could range from attempting to coordinate a
peaceful three-way tie (while mathematically impossible), to trolling other players via irrational

behavior intended to be provocative, to random employment of nuclear weapons.

We chose to have a fixed number of rounds rather than having an unknown end round (via a
probabilistic ending function) due to the need to the fit the SIGNAL-Board game into fixed-time
events. A consequence of this is that a known final round will likely influence player behavior.
Although previous experiments have found that players don't tend to be strictly rational under
backwards induction (McKelvey & Palfrey, 1992), they do demonstrate that play becomes more

rational as the end of the game approaches.

This was not the only instance in which time limitations impacted the design of SIGNAL. The
SIGNAL-Online game was most affected by this as retention in online platforms like Amazon
Mechanical Turk, is notoriously low. To address this, we strove to keep the SIGNAL-Online
duration under an hour by instituting hard limits on phase length. As we had more latitude on the

length of SIGNAL-Board, it did not include these time limits and let the players decide when



they were ready to move on the to the next phase. In our development process, we identified a
potential issue with fixed time limits in SIGNAL-Board: the ability to abuse the time near the
threshold to stage an overwhelming suprise attack at the very end of the Signaling Phase without
giving the other players time to react before the Phase ended. This has a more limited impact in
SIGNAL-Online as it is harder to “pre-stage” actions (as each action requires several precise
clicks) as opposed to the physical act of placing multiple cards and tokens. Thus, a player has
suffient time for at least a partial reaction in the SIGNAL-Online game in the event of large-scale

surprise events in the Signaling Phase.

The difference in game mechanics between the platforms could have a significant impact on
behavior. This creates potential future opportunities to explore how behavior could be impacted

by the different mechanics in SIGNAL-Board vs. SIGNAL-Online.

5.5 Conclusion

The study of conflict and strategy in modern and future contexts is an important area of focus for
a wide range of researchers. Wargames have long provided a tool for exploring scenarios and
developing insights across disciplines, ranks, and commands. Experimental wargaming provides

another tool in the wargaming and conflict analysis toolbox, with some unique advantages.

To provide the analytic rigor needed to develop insights into complex conflict scenarios, we
argue that EWGs have desirable attributes as demonstrated in this paper, including
randomization, replicability, controllability, instrumentation, and neutrality. In designing
SIGNAL, we have worked to ensure that it upholds these attributes and allows for rigorous
analysis of the data collected. This pursuit drove a myriad of design choices and concessions in

both the board and online versions of the game and throughout the implementation process. This



paper documents the logic behind some of the design challenges and solutions developed by the
team, and lessons learned to inform future efforts. Most importantly, we call on the wargaming
community to continue a dialogue and debate on EWGs, to more fully develop a working set of
definitions and requirements, and to implement future designs as data-generating processes for
scientific analysis—openly sharing best practices and lessons learned. With thoughtful and
dedicated effort by the community of practice, experimental wargaming can become a tool for

research and inquiry that grows sharper the more we use it.
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Appendix A:

Action Cards staged:

Quantity Quantity

__ Build Military Base

Build Towns & Cities

Signaling Token Locations:

Electro-Magnetic Pulse
Nuclear Weapon

High-Precision Low-Yield

Data Collection Sheets

Quantity

Conventional Defense

Conventional Infantry
Assault

- ——= Nuclear Weapon Conventional Missile

———  Strike
Nuclear Weapon
T Conventional Naval
___ Assault
Cyber Strike
Trades -
Qther Player Trade Terms Notes
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Upkeep Sheet Game

Complete?

OO Step 1: Return all cards and signaling tokens to your hand. D Purple

O Step 2: Count your food: o D Orange

O Step 3: Count your population and support:
3+ (3x Q)

= + + +2x

Population *" . ... ‘

O Step 4: Adjust your population until there is enough food to support them:

Support

IF: >

Population Support
THEN:
Remove: Remove: Remove:

... OR *.l- OR . OR Convert: ‘ TO ‘

0 Step 5: Count your resources. Remember to count resources in allied states and
resources from trade deals..

Hgngngn
0000

O Step 6: Count your non-damaged infrastructure.

O Step 7: Collect income - use infrastructure counts from Step 6.

- 2xM +4x A +3x°

Income

O Step 8: Repair damaged infrastructure and remove defense tokens.
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Appendix B: Traditional Nuclear Weapon
Secondary Effect Patterns
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NW Blast Patterns.
Roll die to choose one.



