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Abstract

When holding others morally responsible, we care about what they did and
what they thought. Traditionally, research in moral psychology has relied
on vignette studies, in which the protagonist’s actions and thoughts are ex-
plicitly communicated. Recent studies have begun to employ visual stimuli,
and some have postulated a direct link from processing visual features to
making moral judgments. We embrace the advent of visual stimuli in moral
psychology, but believe that the connection between visual processing and
moral judgments is mediated by an inference about what the observed ac-
tion reveals about the agent’s mental states. We formalize moral judgments
as computations over an intuitive theory of physics combined with an intu-
itive theory of mind. Knowing that mental states lead to action (e.g., the
belief that someone is in harm’s way and the desire to help them stimulates
a decision to shove them out of harm’s way), and that these actions are
constrained by physics (the shove has to be forceful enough, aimed in the
right direction, timed appropriately, etc.), allows an observer to make pow-
erful inferences about moral responsibility. Two experiments show that this
model captures moral judgments about physical scenes, both qualitatively
and quantitatively.
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MORAL DYNAMICS 2

Introduction

In a popular image, three wise monkeys advise us: see no evil, hear no evil, speak no
evil. But do we actually see evil, in the way we see shapes, or colors, or monkeys? When
viewing simple shapes moving around a 2D world, people spontaneously and consistently
attribute goals and intentions to them (Heider & Simmel, 1944), including social motivations
(Ullman et al., 2009). Even young children appear to draw consistent conclusions about
the goals, intentions, and relations of actors in simple visual vignettes (e.g. Gergely &
Csibra, 2003; Gergely, Nadasdy, Csibra, & Bir6, 1995; Hamlin, Wynn, & Bloom, 2007),
and (at slightly older ages) will act to punish morally bad actors (Hamlin, Wynn, Bloom, &
Mahajan, 2011). Recent work in neuroscience has shown selective activation in the posterior
superior temporal sulcus when viewing agent animations, with dissociable responses for
goal directed action by individual actors and social interactions (Isik, Koldewyn, Beeler, &
Kanwisher, 2017; Vander Wyk, Hudac, Carter, Sobel, & Pelphrey, 2009).

In cognitive science, there is a long tradition of attempting to formally link perception
and psychological attributions (such as intention) by identifying relevant visual cues in a
scene. This line of research can be traced back at least to Michotte (1946/1963), and
extends to current work on the visual cues that could underpin perceptions of agency,
intention, and various interactions such as courting, chasing, and protecting (e.g. Hubbard,
2005; Scholl & Gao, 2013). Recent work has suggested speci cally that moral judgments
can be explained by the visual processing of kinematic features, such as the velocity of
a car hitting a man, or the distance a person traveled to push someone into harm's way
(Caruso, Burns, & Converse, 2016; De Freitas & Alvarez, 2018; lliev, Sachdeva, & Medin,
2012; Nagel & Waldmann, 2012). In line with the fast, automatic, early-developing, and
consistent nature of these judgments, these accounts propose a direct mapping from visual
features to moral judgments (such that, for example, traveling longer distances to harm
maps onto morally worse judgments by others).

However, a great deal of prior work on moral judgment has focused on the deliberative
and abstract components that go into a moral calculation. This line of research (which
often relies on carefully written vignettes rather than visual stimuli) has demonstrated that
both a person's causal role, and the person's inferred mental states are key determinants
of moral judgments (Cushman, 2008; Gerstenberg et al., 2018; Lagnado & Gerstenberg,
2017; Lagnado, Gerstenberg, & Zultan, 2013; Malle, Guglielmo, & Monroe, 2014; Patil,
Calo, Fornasier, Cushman, & Silani, 2017; Shaver, 1985; Waldmann, Nagel, & Wiegmann,
2012; Weiner, 1995; Young, Cushman, Hauser, & Saxe, 2007; Young & Saxe, 2008). People
judge a person more severely when that person caused the bad outcome (Alicke, 1992;
Cushman, 2008), and when that person intended to cause a bad outcome (Kleiman-Weiner,
Gerstenberg, Levine, & Tenenbaum, 2015; Lagnado & Channon, 2008). Moral judgments
are not only sensitive to whether someone caused or intended an outcome, but also to
the way the outcome was brought about (Jara-Ettinger, Kim, Muentener, & Schulz, 2014;
Waldmann & Dieterich, 2007). While moral dilemmas presented as vignettes, such as
the trolley problem, are a rich source for empirical exploration (Foot, 1978; Waldmann et
al., 2012), they have their limitations. Vignettes may fail to trigger relevant perceptual
processing and related downstream processes, similar to asking someone to solve a physics
problem involving trajectories with pen and paper, instead of throwing a ball at them and
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MORAL DYNAMICS 3

asking them to catch it.

These two approaches to formalizing moral judgments, one focusing on perceptual
processing and the other on inferences of cause and intention, can seem incongruous. But
a full model will have to incorporate both. Here, we propose such a synthesis. We believe
that the route from visual features to moral judgments is mediated by people's intuitive
understanding of how the world works, one that encompasses both an intuitive theory of
mind (Wellman & Gelman, 1992), and an intuitive theory of physics (Battaglia, Hamrick, &
Tenenbaum, 2013; Gerstenberg & Tenenbaum, 2017; Goodman, Tenenbaum, & Gerstenberg,
2015; Kubricht, Holyoak, & Lu, 2017; Ullman, Spelke, Battaglia, & Tenenbaum, 2017).
These intuitive theories support rapid inferences about a person's mental states and the
causal structure of a scenario. Itis through this understanding of scenarios that people relate
observed physical actions to mental states such as beliefs, desires, and intentions (Baker,
Jara-Ettinger, Saxe, & Tenenbaum, 2017; Baker, Saxe, & Tenenbaum, 2009; Battaglia et al.,
2013; Jara-Ettinger, Gweon, Schulz, & Tenenbaum, 2016), and evaluate the causal roles that
physical actions played in bringing about the outcome (Gerstenberg, Goodman, Lagnado, &
Tenenbaum, 2015; Gerstenberg, Peterson, Goodman, Lagnado, & Tenenbaum, 2017). Our
computational synthesis is sensitive to visual features and allows for fast and automatic
processing, but not because such features are mapped directly to moral judgments. Rather,
these features are indicative of the agent's mental state, and it is these mental states that
are the input to the moral calculus.

The rest of the paper is organized as follows. We rst describe a model of moral
judgment operating over an intuitive theory of mind and an intuitive theory of physics. We
then examine this model using two empirical studies. In Experiment 1, we replicate an
experiment that links visual cues to moral judgment (lliev et al., 2012), and show how our
model accounts for the results by inferring the agent's desire to do harm via the physical
e ort it exerted. In Experiment 2, we test participants' moral intuitions in a wider range
of situations, and elicit graded judgments which provide a stronger test for the model's
predictions. We discuss the implications of our ndings, limitations of our current model,
as well as a roadmap for addressing these limitations.

Moral Dynamics Model

Our model connects perceptual depictions of an agent's actions to reasoning about the
underlying mental states of the agent. The model combines ideas from recent formalizations
of intuitive psychology (for reasoning about hidden mental states given actions) and intuitive
physics (for reasoning about cost as physical e ort). Following prior structured generative
approaches to intuitive psychology (e.g. Baker et al., 2017, 2009; Jara-Ettinger et al., 2016;
Kleiman-Weiner, Shaw, & Tenenbaum, 2017; Ullman et al., 2009), we model an observer
who reasons about an agent's mental states by inverting the generative process by which
mental states give rise to actions. Following recent prior work on intuitive physics (e.qg.
Battaglia et al., 2013; Sanborn, Mansinghka, & Gri ths, 2013; Smith & Vul, 2012; Ullman,
Stuhlmiller, Goodman, & Tenenbaum, 2018), we constrain this generative process to obey
noisy Newtonian mechanics: actions correspond to forces applied by an agent to a patient,
where the amount of force is monotonically related to the agent's e ort.

As an overview, our Moral Dynamics model infers an agent's utilities, and predicts
that people's negative moral judgments are related to how much an agent desires to harm
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104 @ patient. We also assume that agents act to achieve desired rewards, and that actions are
105 associated with a cost in the form of physical e ort. Given that a rational agent trades o

106 CcOst and reward (taking costly actions to receive a greater reward than the cost expended),
107 an observer can use the e ort an agent expends as indicative of the value the agent places
108 ON achieving an outcome. If an agent undertakes a great cost to achieve a harmful outcome,
109 that agent likely expected a large reward for causing harm, and thus should be morally
1o blamed to a high degree. We next discuss in more detail the theoretical background and
11 implementation of the framework.

12 Computational Framework

113 We model intuitive psychological reasoning using Bayesian Theory of Mind (see e.g.
14 Baker et al., 2017, 2009; Jara-Ettinger et al., 2016). This framework assumes that people
us think of others as goal-directed agents who choose actions to maximize their expected
16 reward, subject to their beliefs, constraints, and abilities (see also Gershman, Gerstenberg,
17 Baker, & Cushman, 2016). The underlying notion that people use a “principle of rationality’
us to reason about the mental states of others has a long history (Dennett, 1987), and the
1o recent avenue of work in Bayesian Theory of Mind has shown how to use this principle
120 0 quantitatively capture human reasoning about mental states. For the purposes of our
121 model, we limit ourselves to a version of the framework dubbed “the Naive Utility Calculus'
122 (Jara-Ettinger et al., 2016), according to which people believe that others act to maximize
123 their state-dependent rewards, and to minimize action-dependent costs:

U(s;a) = R(s) C(a); Q)

12« Where U is an agent's utility, a combination of the reward R derived from world state s,
125 and the cost C of taking action a.

126 To this underlying framework we add the following three simple assumptions: 1)
127 We limit ourselves to cases in which the costC for taking an action is proportional to
128 the physical e ort necessary to take that action. 2) We assume that an agent's reward
129 can depend on the utility of another agent (cf. Ullman et al., 2009). 3) We assume an
130 Observer's moral evaluations are proportional to the inferred reward that the agent derives
131 from helping or hindering the patient (cf. Gerstenberg et al., 2018). We consider each of
132 these assumptions in turn, and then show how their combination leads to an account of
133 moral judgment from visual scenes.

134 Physical e ort. Physical e ort features prominently in decision making and moral
135 judgment (Jara-Ettinger et al., 2014; Kurniawan et al., 2010). Jara-Ettinger et al. (2014)
136 demonstrated that transgressors are judged more harshly for taking more costly actions
137 to bring about a negative outcome. In those studies, participants were given multiple
138 Vignettes involving the same outcome (e.g., stealing someone's wallet), and judged the
139 vignette involving the greatest amount of e ort as depicting the worst o ender. Even
1o young children are sensitive to the physical e ort required by an action, and take it into
141 account when determining the goal of an agent (Jara-Ettinger et al., 2014; Liu, Ullman,
142 Tenenbaum, & Spelke, 2017).

143 The rationale of using cost to infer utility and through that make moral judgments
144 carries through with other types of cost as well (such as risk or mental e ort), but here we
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limit ourselves to inferences about physical e ort. We formalize physical e ort in terms of

Newtonian dynamics, which are broadly consistent with human intuitive physical reasoning
(Battaglia et al., 2013; Bramley, Gerstenberg, Tenenbaum, & Gureckis, in press; Hamrick,
Battaglia, Gri ths, & Tenenbaum, 2016; Sanborn et al., 2013; Uliman et al., 2017, 2018).

As detailed in the Appendix, we model physical e ort as the amount of force that an agent
expended to bring about the outcome. Importantly, when considering how much e ort an

agent took to harm another, we only count the physical e ort used to achieve that goal.
For example, if an agent ran around in circles before or after taking intentional action to
harm another agent, we would not count that e ort associated with running in circles as

e ort towards accomplishing its goal.

Helping or harming. We label the utility of the patient as Up, and the reward the
agent receives for helping or harming the patient afka(Up). A pro-social attitude (i.e. high
reward for helping) between the agent and patient can be captured as a positive relationship
betweenRA and Up and an anti-social attitude (i.e. high reward for harming) between the
agent and patient can be captured as a negative relationship. If a pro-social relationship
exists, whatever states and actions increases the patient's utility will also increase the agent's
reward, and the agent will take actions to move the patient into high-reward states or reduce
the patient's costs (modulated by the agent's own costs). This simpli ed model of “helping
and hindering' can quantitatively account for people's reasoning about social goals (Ullman
et al., 2009), and the choice patterns of pre-verbal infants (Hamlin, Ullman, Tenenbaum,
Goodman, & Baker, 2013).

From inferred desires to moral judgments. We assume that moral judgments
depend on people's beliefs about an agent's desires. That is, people will judge the agent
more negatively, in proportion to the inferred reward that the agent derives from harming
an innocent other.

Putting these assumptions together, we model people's negative moral judgments
about an agent A, J(A), as being proportional to the inferred positive reward A receives
for the negative outcome utility of patient P, Ra(Up), which can be approximated by the
amount of e ort that A was willing to exert to bring about that outcome. The e ort that
A exerted in a scenario is de ned as the sum of the costs A incurrea, for taking some
action a; at every time point in the scenario t:

X
J(A) Ra(Up)/ ca(ar): 2)

t=0
We made a number of simplifying assumptions in this calculation. In general, psychological
costs encompass more than physical e ort, such as time delay or mental e ort (Kool &
Botvinick, 2018). Also, physical e ort is not just an integral of the force generated over
time, but subject to biological notions of expendable energy and fatigue (Hills, Mokhtar, &
Byrne, 2014). Pro-social and anti-social relationships are more than just a utility-to-reward
transformation, and moral evaluations depend on more than the inferred social relationship
between agents (Waldmann et al., 2012).

Nonetheless, we believe this framework is exible enough to capture many natural-
istic decision problems, and it provides the core mechanics that future work can build on,
adding in more varied notions of cost, e ort, and relationships. Because the notions of
force and e ort play a central role in our model, we refer to it as Moral Dynamics model,
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Figure 1. (a) Example stimuli from lliev et al. (2012), and representation of their theory
of moral judgment. An observer extracts relevant features of a scene (e.g. distance in the
above example) and uses those features directly to form their moral judgment (e.g. greater
distance means more negative judgment)(b) Example stimuli from our Experiments 1 and
2, and a representation of theMoral Dynamics model. An observer infers latent variables
related to physics and psychology. Speci cally, observers infer the utility an agent attaches
to helping or harming by inferring the e ort they expended in the scene. These variables
inform their moral judgment. Each video shows an agent (blue), patient (green), and reball
(red). Patients cannot see reballs and are burned by them, agents can see reballs and are
not burned by them. Lines indicate trajectories in the video, "X' marks the collision of the
patient and reball.

in contrast with a model termed Moral Kinematics by lliev et al. (2012), which predicts
moral judgments based on perceptual/kinematic features such as distance, angle, contact,
and velocity.

Model Implementation and Domain

We consider a simple domain, based on lliev et al. (2012), in which di erent visual
scenarios show agents interacting with, and potentially harming, other agents, while exerting
physical forces! Figure 1(b) illustrates our experimental setup. In each scenario, a video
shows an agent, patient, and reball. In this domain, the agent can perceive the reball
and is not harmed upon contact with it, while the patient cannot perceive the reball and
is harmed upon contact with it.

1We used the 2D physics engine Pymunk (www.pymunk.org) to generate the scenarios in our experiments,

and the 3D physics engine Blender (www.blender.org) to render them.
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