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Abstract

People’s judgments about what an agent can do are shaped by
various constraints, including probability, morality, and nor-
mality. However, little is known about how these representa-
tions of possible actions—what we call modal space represen-
tations—are influenced by an agent’s knowledge of their en-
vironment. Across two studies, we investigated whether epis-
temic constraints systematically shift modal space represen-
tations and whether these shifts affect high-level force judg-
ments. Study 1 replicated prior findings that the first actions
that come to mind are perceived as the most probable, moral,
and normal, and demonstrated that these constraints apply re-
gardless of an agent’s epistemic state. Study 2 showed that
limiting an agent’s knowledge changes which actions people
perceive to be available for the agent, which in turn affects
whether people judged an agent as being “forced” to take a par-
ticular action. These findings highlight the role of Theory of
Mind in modal cognition, revealing how epistemic constraints
shape perceptions of possibilities.

Keywords: modal reasoning, modal cognition, force judg-
ment, Theory of Mind, knowledge

Introduction

Chris McCandless was a young adventurer who, inspired by
a desire to live simply and escape from societal norms, ven-
tured into the Alaskan wilderness in the early 1990s. As
famously told in Jon Krakauer’s book “Into the Wild”, Mc-
Candless spent 113 days living in an abandoned bus in the
Alaskan bush. When he decided to return to civilization, the
river he had previously crossed had become impassible due to
seasonal flooding. Because McCandless only had a basic, out
of date map of the region, he was completely unaware that
there was an abandoned, hand-operated cable car that crossed
the river just % mile (800 m) downstream from where he had
previously crossed. Considering his options, McCandless de-
cided to head back and re-establish his camp to wait for res-
cue, with tragic consequences.

Reasoning About What’s Possible

Much of human judgment and decision-making — whether
judging whether someone is responsible for a negative out-
come, determining whether someone was forced to do a given
action, or deciding on the best place to have dinner — re-
quires reasoning about the possible actions available to an
agent (Byrne, 2016; Phillips & Knobe, 2009, 2018; Phillips
et al., 2015). Studies show that throughout human develop-
ment (Alderete & Xu, 2023; Shtulman & Phillips, 2018), the

capacity for representing and reasoning over sets of possibili-
ties supports diverse kinds of high-level judgments. Consider
the case of McCandless: Was he forced to head back to his
bus? Intuitively, judgments of whether an agent had to take
a particular action, or whether they could have done other-
wise, reflect the alternative actions perceived as available to
them. More precisely, the extent to which we judge that Mc-
Candless had no choice but to stay put is directly influenced
by the alternative possible actions we represent as available
(Mandelkern & Phillips, 2018; Morris et al., 2021; Phillips &
Knobe, 2018). Extensive research on modal reasoning — the
capacity to reason about possibilities — shows that representa-
tions of what is possible are highly sensitive to the perceived
descriptive and prescriptive normality of actions (Bernhard et
al., 2022; Phillips & Knobe, 2018; Phillips & Kratzer, 2024).
That is, people tend to judge an agent as having acted freely
when there were possible alternative actions available that
were more morally acceptable, statistically likely, or normal
(Bear & Knobe, 2017).

Modal Space

When reasoning about what’s possible, what actions actually
come to people’s minds? In a recent paper, Hecht and Phillips
(2022) develop a method to empirically measure the possible
actions that people take to be relevant in a particular situation.
By sequentially sampling participants’ generated actions that
an agent could do for a variety of scenarios, they quantita-
tively describe the space of possibilities — “the modal space”
— that participants perceive to be available in a certain sit-
uation. They go on to show that their model of contextual
possibility representations successfully predicts higher level
judgments, such as judgments about whether the agent was
forced to do a given action: the more there were better alter-
native options available in a contextual modal space, the less
likely participants were to agree that the agent was forced to
do the actual action they did. Interestingly, this distributional
representation of what kinds of options are likely available
out-performed participants’ own individually generated alter-
natives when predicting their high-level judgments.

Sensitivity to Theory of Mind

What shapes and constrains the modal space of actions when
considering a particular situation, such as that of McCand-
less? While an agent’s physical environment is one factor
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that influences what options comes to mind, another aspect
that has been notably absent in discussions on modal reason-
ing is the role of Theory of Mind (but see Kirfel & Lagnado,
2021; Kirfel & Phillips, 2021, 2023; Papafragou, 2008) in
reasoning about the possible actions of third-party agents.

McCandless’ case beautifully illustrates the importance of
Theory of Mind for representations of modal space. To elab-
orate: typically the presence of a nearby hand-operated ca-
ble car would shift the shape of the distribution of possible
actions people think of as available to McCandless. As a re-
sult, staying at the campsite to wait for help might rank low
in the set of options available to the agent in this context.
And intuitively, if McCandless had known about the cable
car, it seems obvious that he wouldn’t have had to return to
his bus to wait. However, McCandless was, in fact, unaware
of the cable car’s existence. In this case, the option of us-
ing the cable car does not seem obviously relevant. Conse-
quently, returning to his bus to wait may seem like one of
the better options available to McCandless, and accordingly,
we might also be more inclined to judge him to be forced
to do so. Here, we hypothesize that modal reasoning inter-
sects with Theory of Mind, and specifically, representations
of what other agents know. While being aware that cross-
ing the river via cable car is a generally viable option, people
might still not consider it a “possible action’ for the agent due
to his ignorance about the cable car. Whether our represen-
tations of the knowledge states of others affects representa-
tions of modal space remains an open and unexplored ques-
tion. Will people judge an agent like McCandless less forced
to perform a certain action — such as staying behind — given
his partial ignorance about aspects of the environment?

Epistemic Shifts in Modal Space

In this study, we investigate whether modal space representa-
tions are sensitive to the agent’s epistemic state. Specifically,
by manipulating aspects of an agent’s knowledge of their en-
vironment, we test whether modal space representations (of
what it is possible for the agent to do) shift in a correspond-
ing manner. In other words, we examine whether limiting
an agent’s knowledge about their surroundings alters the set
of possible actions people consider for that agent. Addition-
ally, we explore whether such shifts in modal space also re-
sult in the predicted effects on high-level judgments of force —
specifically, whether changes in the agent’s knowledge affect
the extent to which people judge the agent as being forced to
take a particular action.

To address these questions, we adopt the approach devel-
oped by Hecht and Phillips, 2022 to empirically measure the
set of generated options deemed relevant in a given context.
In Study 1, we use Hecht and Phillips (2022)’s methodology
to characterize the modal space representation in different
epistemic contexts — comparing cases in which an agent has
full versus partial knowledge of their situation. In Study 2,
we investigate whether varying the agent’s epistemic context
not only shifts this modal representation, but also also shifts
people’s judgments of whether the agent was “forced” to do

a given action.

Study 1: Possibility Generation

In this study, we want to measure the set of possibilities that
people take to be relevant in a given situation. We are particu-
larly interested in characterizing the space of possible actions
available to an agent when this agent is aware vs. ignorant
about certain aspects of their situation.

Participants We recruited 420 participants (age: M =
42.80, SD = 13.43; gender: Female =231, Male = 187, Other
= 2; race: Asian = 50, Black/African American = 46, Mul-
tiracial = 41, White = 327, Other = 17), via Prolific (Palan &
Schitter, 2018). Participants were paid =~ $12.00/Ar.

Design Our study employed a 2 epistemic state (knowledge
vs. ignorance; within) x 16 (scenario; within) design.

Procedure Participants were randomly presented with 6
out of 16 open-ended decision contexts and asked to gener-
ate possible actions that could be taken by the agent in each
context. The decision contexts ranged in a variety of settings
as well as the severity of the agent’s decision, e.g., risking
missing a flight, being stranded on the open sea, raising funds
for a school concert, etc. For each of the 16 scenarios, there
was a “knowledge” and an “ignorance” version, only one of
which participants were randomly assigned to read. In the
knowledge version, the agent has full awareness of the rele-
vant aspects and features of the situation. To illustrate, con-
sider the knowledge version of decision context 5 (“Brad”):

Knowledge: Brad and some friends are hiking through
the mountains in the Canadian wilderness. A couple of
days into their hike, Brad realizes that they are lost. He
knows that a rescue crew could arrive before long, but
it is extremely cold and they don’t have much food or
water left. He also knows that they are 5 miles from an
inhabited town.

Critically, in this version, Brad knows the fact that there
is a town nearby. Now consider, by contrast, the ignorance
version of this scenario:

Ignorance: Brad and some friends are hiking through
the mountains in the Canadian wilderness. A couple of
days into their hike, Brad realizes that they are lost. He
knows that a rescue crew could arrive before long, but
it is extremely cold and they don’t have much food or
water left. He also incorrectly believes that they are
nowhere near civilization; unbeknownst to Brad, they
are 5 miles from an inhabited town.

Here, Brad is unaware of the fact that there is an inhabited
town nearby — information that might relevant for the range
of action options he might consider. Across all scenarios, we
varied the agent’s knowledge about a specific aspect about
their situation or their environment. This information was
never directly relevant as a solution to the agent’s problem
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(e.g. location of rescue team); rather, it would affect what ac-
tion options the agent could consider (e.g. seeking help from
a nearby town). Consequently, this information could also
affect the relevance of certain actions, such as staying put.

Participants were asked to generate five actions that could
be pursued by the agent in the context:

“In this situation, what are some things you believe
[Agent] could do? Please list 5.”

After the participant wrote down five actions in five separate
open text fields, we then sequentially re-presented each op-
tion to the participant and asked them to evaluate it along
the dimensions of probability, morality and normality on a
0 (“least”) to 100 (“most™) point scale, following Hecht and
Phillips (2022).

Probability Question: “How probable is it that [Agent]
will do that thing?”

Morality Question: “How morally acceptable would it
be for [Agent] to do that thing?”

Normality Question: “How normal would it be if

[Agent] did that thing?”
Results

Condition = Knowledge  Ignorance
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0.3

0.2

Proportion of options generated that were best

0.1

1 2 4 5

3
Generation number

Figure 1: Proportion of generated actions that were evaluated
as best for each sequential action generation (1-5) split by Knowl-
edge and Ignorance conditions.

Participants’ first responses for each scenario tended to be
the one they rated highest, or tied for highest, based on a com-
posite score calculated by averaging their probability, moral-
ity, and normality ratings. In the knowledge condition, the
first action option generated was retrospectively evaluated as
the best or tied for the best 49% of the time, compared to 43%
in the ignorance condition (Figure 1).!

TAll data, code, and materials are available at

https://github.com/LaraKirfel/possibilities_ignorance.

More generally, the earlier an action option tended to be
generated by a participant, the more highly it was evalu-
ated. This was the case when participants generated actions
in knowledge contexts, F(1,652.1) = 1207.2, p < 0.001, as
well in the contexts in which the agent was ignorant about
certain features of the scenario F(1,7683) = 553, with p <
0.001 (Figure 2). All three rating dimensions, the probability,
morality and normality of an action, were independently pre-
dictive of how likely this action option was generated early
in the generation process. In the knowledge condition, the
more probable a generated option was rated, the more likely
it was to be generated earlier, x2(1) =91.48, p < 0.001 inde-
pendent of normality and morality. Likewise, the more nor-
mal an answer was perceived, the more likely it was gener-
ated earlier, independent of the other ratings, (1) = 6.92,
p < 0.01. Morality was not found to have an independent
predictive effect, xz(l) =2.96, p = 0.08. In the ignorance
condition, probability (x*(1) = 30.82, p < 0.001), normal-
ity (x%(1) = 22.36, p < 0.001) and morality (x>(1) = 5.58,
p = 0.02) were all independently predictive of how early an
action option was generated in the process.

Discussion

In line with previous research (Hecht & Phillips, 2022), the
action option that came to participants’ minds were con-
strained by probability, morality, and normality. We repli-
cated previous studies showing that the first options that came
to mind were also considered the most moral, probable, and
normal to do (Phillips & Knobe, 2018). Valuable action op-
tions came to mind early, with decreasing value the later they
arose in the generation process. Controlling for the two other
ratings, the later an option was generated, the less likely,
moral or normal it was perceived. This was the case for con-
texts in which the agent knew about all relevant features of
their situation or was ignorant about certain aspects. Hav-
ing shown that the modal space representation follows similar
patterns across different epistemic conditions, we now want
to test whether the change in the agent’s epistemic state re-
sults in a change in the set of possible actions participants
represented as available to the agent in the context.

The core of our approach is to make use of the fact that
judgments of whether an agent was forced to do a given ac-
tion depend on the alternative actions represented as available
to the agent. Thus, if the agent’s epistemic state affects the
possible actions represented as available to the agent, then,
even holding fixed the actual action done, this change should
result in differences in judgments of whether the agent was
forced to do a given action.

Study 2: Epistemic Shifts in Modal Space and
Force Judgments
In our second study, we were interested in whether a change

in the representation of epistemically-relevant possibilities
drives a change in force judgments.
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Figure 2: Action Ratings by Epistemic Condition: Boxplots of participants’ subjective ratings of the morality (violet), normality (green),
and probability (yellow) of each generated option they generated as a function of generation number (1-5).

Participants We recruited 401 participants (age: M =
43.58, SD = 13.45; gender: Female = 168, Male = 184,
Non-binary = 8, Undisclosed = 1, race: Asian = 27,
Alaskan/American Indian = 3, Black/African American = 41,
Hawaiian/Pacific Islander = 1, Multiracial = 10, Latinx = 13,
White = 263, Other = 10; Undisclosed = 3, demographics of
40 participants are missing due to a programming error), via
Prolific. Participants were paid =~ $12.00/hr.

Design
Study 2 employed a 2 epistemic state (knowledge vs. igno-
rance; within) X 16 (scenario; within) x 6 (action; between)
design.

Procedure For Study 2, we created six new actions for each
of the 16 contexts. These actions were selected to vary in the
extent to which they would be seen as probable, moral, and
normal, and thus to be distributed widely across the range of
options that naturally come to mind in each context. In order
to have actions that spanned beyond the normal modal space
for a context, we added actions that were designed to violate
both descriptive and prescriptive norms. In our running ex-
ample of Brad who gets lost in the Canadian wilderness, the
six actions were: (1) boost morale with a three-legged race,
(2) try to find enough dry wood to start a fire, (3) huddle to
conserve energy, (4) attempt to search for a water source, (5)
steal all of the food and water, (6) throw away all of the food.

Participants were presented with 8 out of the 16 scenar-
ios used in Study 1. After reading each scenario, participants
were randomly presented with 1 out of the 6 actions. They
were told that this action was what the agent decided to do
(e.g. “Brad decided to try to find enough dry wood to start
a fire.”). While each scenario was again presented either in
the knowledge or the ignorance version, the action remained
constant. Participants were then asked to make a force judg-

ment, i.e. to rate the extent to which they thought the agent
was forced to perform this action on a 100 point scale, from
0 (“completely disagree”) to 100 (“completely agree”):

Force Judgment: How much do you agree with the fol-
lowing statement: “[Agent] had to do [action].”

After having made a force judgment, participants were
again presented with the action the agent decided to do and
asked to rate it on the same three 100-point scales used in
Study 1, measuring the probability, morality and normality of
the agent doing that action.

Method To what extent should people think an agent was
forced to do a given action? According to Hecht and Phillips
(2022), this will depend on their representation of the proba-
bility of there being better actions available to the agent. For
example, if Brad decided to try to find dry firewood, partic-
ipants should judge that he did not have to do that action to
the extent that they represented there being better alternatives
in that situation. To test this hypothesis, we next need to sit-
uate the 6 actual decisions for each scenario within the set of
contextually-relevant possibilities that participants generated
for those scenarios in Study 1.

In order to do this, we first computed the average rating for
each of the six actual action in Study 2 across these three di-
mensions of probability, morality and normality. Then, we
wanted to locate that action relative to the space of possi-
ble actions that participants generated for that specific con-
text when the agent was in that specific epistemic condition.
Think of this as the context-specific epistemic modal space
PS¢. To do this, we compare the rating of the actual action
to the distribution of ratings for other possible actions that
people thought of for the corresponding decision context and
epistemic condition in the open-ended possibility generation
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task in Study 1. We then calculate what Hecht and Phillips
(2022) call the “modal distance”: for each actual action, we
again average the values on the same three dimensions and
then estimate the probability that a randomly sampled action
from the context-specific epistemic modal space (a; € PSS)
has a higher rating than the actual action, a,. In other words,
ModalDistance(a,) = P(Value(as € PSS) > Value(a,)). To
compute this, we first sampled with replacement 10,000 pos-
sible actions from those participants generated in the knowl-
edge or ignorance version of a decision context from Study 1.
Then, for each actual action in that epistemic condition and
context in Study 2, we calculated the probability of sampling
an action that had a higher value than the actual action. This
generated a unique value for each actual action that reflected
the probability that a better option would come to mind in that
same context for an agent with the same epistemic state.

To illustrate the central idea, consider the example of Brad
instead simply deciding to hold a three-legged race. The
modal distance for this action will capture the extent to which
the distribution of actions in the context-specific epistemic
modal space have a higher value than this. Obviously, the
same action can have a different modal distance value de-
pending on the context in which the action occurs. For in-
stance, holding a three-legged race might have a high modal
distance in the context of a wilderness misadventure (where
many better options are possible for that context), but a low
distance in the context of a kids’ birthday party (where there
may not be many actions that are actually better options).
Similarly, we propose that an action’s modal distance can also
vary depending on the agent’s knowledge: while holding a
three-legged race is unlikely to ever be a high value action in
an outdoor emergency, it may not be wildly worse than the
other options when the agent doesn’t know about the nearby
town. However, if the agent is aware that an inhabited town is
nearby, it seems like a particularly bad option to have chosen.
We use the modal distance measure to model the predicted
impact of alternative possibilities on whether an agent had to
do a action.

Results

The correlation between modal distance values and force
judgments from contexts in which the agent was knowledge-
able about their situation was r = —0.89,p < 0.001. Like-
wise, the correlation in the ignorance scenarios was r =
—0.87,p < 0.001. That is, for both epistemic condition, the
more distant the action was from the center, the less people
thought the agent was forced to do that action.

More critically, we want to investigate whether force judg-
ments reflect differences in modal space based on the agent’s
epistemic state. To illustrate the kind of patterns we predict,
start by focusing on a couple of simple comparisons. Fig-
ure 3 (left panel) shows the distribution of modal distance
in scenario 5 (“Brad”) for the actions “steal all of the food
and water” and “attempt to find a water source”, depending
on the agent’s epistemic state. It also shows people’s judg-

ment about whether the agent was forced to do that action
(right panel). The action “stealing all of the food and wa-
ter” is perceived as an overall rather abnormal activity in this
scenario. In the knowledge condition (Brad knows about a
nearby town), this action has an overall higher modal dis-
tance, that is, people perceive more better options than in the
ignorance condition. Consequently, people see Brad in the
knowledge condition as slightly less forced to steal all food
and water, compared to when Brad is ignorant about the town.
In contrast, searching for a water source is perceived as an
overall normal action, and as a result people judge the agent
as much more forced to do so in both conditions.

Generalizing, the key analysis concerns whether we can
show that, across all 6 actions for all 16 contexts, judgments
of force are uniquely well-predicted by the modal distances
that correspond to the agent’s actual epistemic state. To do
this we used model comparison of linear mixed-effects mod-
els. First, we predicted force judgments in the knowledge
contexts using either the knowledge modal distance value
or ignorance modal distance value for each action. There
was no significant interaction between ignorance and knowl-
edge modal distance xz(l) =0.68, p =0.41. As expected,
the model performed worse without the modal distance val-
ues from the knowledge contexts x2(1) = 46.69, p < 0.001.
However, the model also performed somewhat worse without
the modal distance values from ignorance contexts y>(1) =
6.20, p = 0.01, but the decrease in model fit was notably
smaller in the latter case. Second, we also predicted force
judgments from the ignorance condition using modal dis-
tance values from both epistemic conditions. Once again,
no significant interaction between both modal distance terms
was found y%(1) = 1.20, p = 0.27. The model performed
significantly worse when knowledge modal distance values
were removed xz(l) =40.13, p < 0.001. It was also some-
what affected by the removal of the modal distance values
from the knowledge contexts, although to a lesser degree,
x%(1) = 4.34, p = 0.04. Figure 4 shows Chi-square val-
ues reflect the contribution of modal distance predictors ex-
plaining the variance in people’s had to judgments. We also
found that differences in modal distance values for actions be-
tween epistemic conditions were significantly correlated with
differences in force judgments between epistemic conditions
r=—0.50,p < 0.001.

Discussion

In Study 2, we examined whether people’s modal space rep-
resentations are sensitive to an agent’s knowledge about the
world. Specifically, we investigated whether changes in the
agent’s knowledge about their environment led to shifts in
contextual modal space, which, in turn, should result in shifts
in the modal distances for the same actual actions. These
shifts in modal distance should correspondingly affect judg-
ments of whether or not the agent had to do the chosen ac-
tion. Model comparisons revealed that the modal distance
values from the same epistemic context predicted force judg-
ments better than modal distance values from the altered

1340



0.02

Density

Knowledge

0.01 .
Modal Distance .

~ > 0.00
steal food & wate|

steal food & wa

0 25 75 100 0

50
Abnormality Score

search water source

search water source

25

steal all of the food and water

100
75

50

]

search for water source

o

Knowledge
Modal Distance

Had To Rating
=
8

75

T
€L

50

25

75 100 0

50
Abnormality Score Ignorance

Knowledge

Figure 3: Modal Distances and Force Judgments for two actual actions, split by Epistemic Condition in Scenario 5. Left Panel:
Normality Density curve in each epistemic condition (knowledge vs. ignorance) of Scenario 5 (“Brad”). The Abnormality score on the X
Axis is the reverse coded value rating (composite score of normality, probability and morality rating). Dotted lines mark the average rating
of an action that has been rated as rather abnormal (i.e. high on the X Axis) — “steal food and water” — or as rather normal action “search for
a water source” —. The density curve (Y-Axis) to the left of the actual action displays the amount of actions that would have been a “better”,
i.e. more normal option. Right Panel: Force judgment for each action, split by epistemic condition.

Ignorance Knowledge

40

w
S

Chi-square Value

[
S)

: mam |

Knowledge Ignorance
Modal Distance Values

Ignorance Knowledge

Figure 4: Chi-square values for model comparisons across epis-
temic conditions: Chi-square values from likelihood ratio tests as-
sessing the effect of modal distance predictors on had to judgments
in different epistemic conditions. The x-axis represents the predictor
included in the model.

epistemic context. Differences in force judgments between
knowledge and ignorance contexts were predicted by differ-
ences in modal distance between the two epistemic contexts.
In sum, changes in contextual modal space account for differ-
ences in judgments of the same actions across different epis-
temic conditions of the agent.

General Discussion

The present study provides evidence that modal space repre-
sentations are sensitive to agents’ epistemic states. Across
two studies, we demonstrate that manipulating an agent’s
knowledge about certain aspects of their environment system-

atically shifts the space of actions people consider to be avail-
able for that agent. We showed that restricting the agent’s
knowledge about their surroundings alters people’s modal
space representation. Correspondingly, this shift also influ-
ences the extent to which people perceive an agent as forced
to undertake a particular action. These findings demonstrate
that Theory of Mind is a crucial factor in shaping modal space
representations. People’s representation of an agent’s knowl-
edge of the world influences the set of possible actions they
consider for that agent, which, in turn, shifts the perceived
relevance of a particular action. This has downstream effects
on higher level force judgments.

While this work has demonstrated that an agent’s epis-
temic state can affect representations of modal space, an im-
portant question for future work is why such an effect takes
place. One possibility is that agents’ epistemic states can di-
rectly shape the set of possible actions represented as avail-
able to them in a given context. An alternative possibil-
ity is that the agent’s epistemic state only has a more indi-
rect effect by changing the probability, normality, or moral-
ity of the actions, which then exert their typical influence on
representations of modal space. Yet another option is that
epistemic constraints might influence high-level judgments
via entirely different psychological processes. For instance,
epistemic constraints could affect moral judgments about the
agent, which themselves influence force judgments (Clark et
al., 2014, 2021). Or they might influence what people think
is rational from that agent’s perspective, which could in turn
shape judgments of force (Cusimano et al., 2024). We hope
to answer these questions in future work.
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