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Abstract

When predicting thoughts and behavior of other people, we use either the self as the basis for pre-
dictions (i.e., we simulate others), or theoretical knowledge (i.e., we use knowledge about others).
To find out whether the prediction of complex choices is possible we asked participants to predict
the choice of a well-known or unknown target person in the classic Asian disease framing task, a
paradigmatic example of a paradoxical decision. In addition, we collected participants’ self-reports
on their prediction strategies (theory or simulation). People’s choice in a framing task was cor-
rectly predicted regardless of familiarity. Although familiarity influenced reported strategy, cor-
rect predictions were presumably based on simulation, since explicit theoretical knowledge either
was irrelevant or non-existent. These findings show that the correct prediction of paradoxical de-
cisions by high-level simulation cannot be ruled as an alternative to prediction by theory.
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1. Introduction

Reading other people’s minds is essential for our social life. Therefore, the question never was whether humans
are able to read others’ minds, but rather how they accomplish it. Two basic positions have been proposed: First,
according to theory-theory (TT) we predict other people’s thoughts and actions by applying a set of rules, which
consists of naive knowledge about the mental domain (i.e., a folk psychology). Thus, people possess a theory of
mind encompassing a set of laws on how external stimuli become inner states (e.g., perceptions; world-to-mind);
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how some inner states (e.g., beliefs and desires) lead to other inner states (e.g., preferences; mind-to-mind); and
how certain inner states (e.g., preferences) lead to behavior (e.g., choices; mind-to-world). Knowledge about
prototypical cases, empirical generalizations, schemas, scripts, and narratives do all qualify as a “theory”. When
applying a theory of mind other people’s behavior is explained and predicted by ascribing beliefs, desires, and
other mental states to them. For instance, for predicting why Tom has opened the fridge, | could conclude by
theory that Tom has opened the fridge because he was thirsty, he knew that juice was in the fridge, and had the
goal to drink. This would be an example of applying the “belief-desire-law” which holds that people will do
what satisfies their desires (Gauker, 2005). The theory theory’s view strongest advocates are some philosophers
(Churchland, 1981; Fodor, 1987), and some developmental psychologists (e.g., Gopnik, 1993).

Alternatively, simulation theory (ST; Goldman, 2006; Gordon, 1986) states that predictions are not based on
theories about the mental domain. Rather, we use our own mental mechanisms for predicting the mental
processes of other people by having our own mental system running offline and producing the same sequence of
mental processes that can be found in another person. Loosely speaking, a mental state, or process, is a simula-
tion of another mental state, or process, if it imitates, copies, or reproduces the second event.

Mental simulation can be either intra-personal (e.g., when predicting own behavior in hypothetical situations),
or inter-personal (e.g., when predicting the behavior of another person). Goldman (2006, 2009) distinguishes
between two forms of mental simulation: ‘low-level simulation’ is mirroring (or resonance; Saxe, 2005); it is
automatic, widely unconscious, and does not rely on task-specific knowledge or information. There is strong
evidence that at least some basic emotions result in experiencing these emotions on observation of their facial
expression (e.g., Goldman & Sripada, 2005). This is a simulation process, as the attribution of, say fear, of the
observing person Y at person X is based on mirroring, and thus re-experiencing, X’s fear. In the neuroscience
literature this account of simulation is also termed the “direct recruitment hypothesis”, as one simulates another
person’s acts, including his or her internal states, as if it were one’s own internal states by employing the same
neural circuitry that one uses for one’s own processes (Amodio & Frith, 2006).

“High-level simulation” is pretence-driven, or imagination-based, simulation. This form of simulation is ef-
fortful, and often conscious. It frequently involves complex mental states, is based on task-specific knowledge
and information, and tends to involve propositional attitudes. The central process here is imagination: attempt-
ing to produce some mental state in oneself by endogenous means (Shanton & Goldman, 2010).

Unlike in the early days of the TT-ST debate, the dominant understanding now is of a “simulation-theory-
hybrid” in which TT and ST do co-exist (Bach, 2011; Goldman, 2006; Heal, 1998; Malle & Hodges, 2005). Most
notably, high-level simulation needs to be informed by some sort of theory about what the relevant features of
the person, or situation, are that have to be imagined. This poses a threat of collapse (Perner & Brandl, 2009).
Indeed, attempts to draw a clear distinction confront critique at the theoretical, empirical, and neuronal level
(e.g., Bazinger & Kihberger, 2012a, 2012b; Ravenscroft, 2003; Saxe, 2005; Schurz et al., 2015).

TT is very flexible since it is not committed to any specific form of theory: Theories can be vague and incon-
sistent, and at the same time implicit and ineffable. Therefore, a mindreading task where no form of theory could
be brought to bear is difficult to imagine (Perner & Kilhberger, 2005). ST, on the other hand, is less flexible. The
core features of any form of simulation are resemblance and reuse (Gallese & Sinigaglia, 2011). Accordingly, a
mental state or process is a simulation if it resembles another state or process in some important respect and thus
fulfills one of its functions (Goldman, 2009). In addition to resemblance, simulation requires the reuse of the
simulator’s own mental process (Hurley, 2008). These two aspects are related, as reuse implies resemblance,
provided identical input information. Together, resemblance of process and reuse of structure implies similarity
of outcome. Thus, in the mirroring account, if the output of thought processes differs between self and other, this
cannot be explained by simulation. Unlike mirroring, imagination, or perspective taking, does not guarantee
successful replication as it consists in an attempt to replicate the target’s mental state, which can be inadequately
executed (Goldman & Sebanz, 2005).

A strong case can be made for the existence of low-level simulation (Gallese, 2001; Gallese & Goldman,
1998; Gallese & Sinigaglia, 2011; Goldman, 2006, 2009; Goldman & Sripada, 2005). However, the case for
high-level simulation is less clear (see Goldman, 2006: Chap. 7-8). Stich and Nichols (1995) argued that it
would be possible to use simulation for simple predictions (e.g., whether one would open the fridge if one was
thirsty), but not for more complex processes like choices (e.g., how much one would require to give back a lot-
tery ticket that was bought for $1). This argument was inspired by the prevailing wisdom in the 1990s that there
would be various decision paradoxes that could not be predicted successfully by observers. To solve this difficulty,
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it was proposed that irrational mental processes cannot be simulated (Heal, 1996), since many decision para-
doxes are irrational, at least under a traditional view of rationality. In recent years evidence has accumulated in-
dicating that prediction of decisions is possible in many cases (Kuhberger, Kogler, Hug, & Mdsl, 2006; Perner
& Kihberger, 2005). However, there is little evidence that irrational decisions can be predicted successfully, and
there might indeed be a profound difference between simulating rational as opposed to irrational choices. Thus,
decision making, most notably in the form of decision paradoxes, maintains its appeal for distinguishing be-
tween simulation and theory.

2. Predicting Decisions

Heal (1996) proposed that simulation is possible only of the rational mind and that it is impossible to correctly
predict irrational effects by using simulation. Thus, if a mental starting point (e.g., being thirsty) and an outcome
(e.g., opening the fridge) are not logically related, there is no reason to assume that by simulating this process,
the same starting point would lead to the same outcome. At the same time, however, Heal (1996) underlines that
rationality should not be interpreted in a narrow sense depending on logical accuracy. Therefore, there could be
effects that are irrational, but that are still accessible to simulation. Still, “the clearer cut the rationality, the more
likely is simulation to be able to handle matters on its own” (Heal, 1996: p. 58).

This leaves us in a somewhat difficult position: some irrational effects can be simulated, others cannot. Heal
gives examples of effects that she considers irrational: the position effect (Wilson & Nisbett, 1978), the Langer
effect (Langer, 1975), or the endowment effect (Thaler, 1980). Although these effects are perplexing, recent re-
search has shown that either the target effect is not replicable (Langer effect, see Kiihberger, Perner, Schulte, &
Leingruber, 1995), or can actually be correctly predicted. For instance, Kihberger, Kogler, Hug, & Masl (2006)
showed that the position effect (that the rightmost item is preferred when choosing from a series of identical
items) becomes even stronger when participants are warned about an unknown influence of an item’s position
before predicting a target’s choice. This indicates that people would in all likelihood fail in their prediction if
they based it on theory, since the theory is wrong. Thus, at least some of those effects can be correctly predicted.
In addition, there is evidence that this prediction is based on simulation rather than on theory.

Let us investigate a more abnormal case: delusional inference. Could delusional inference be predicted by si-
mulation? Take, as an example, the Capgras delusion. People who suffer from the Capgras delusion take highly
familiar faces to be strangers who look similar. According to a prominent cognitive neuropsychological theory
(Coltheart, Langdon, & McKay, 2011; Coltheart, Menzies, & Sutton, 2010) this delusion stems from a discon-
nection between the face recognition system and the autonomic nervous system. This disconnection results in a
discrepancy between visual and autonomic familiarity, which is solved inadequately in the—otherwise intact—
belief revision system. If this view is correct, delusional inferences cannot be predicted by simulation, since the
mental system of the delusional person is different from the system of the healthy person, who does not show
the disconnection between face recognition and autonomic system. Delusional inference therefore might qualify
as irrational, but the source is a neuroanatomical condition (disconnection of two systems). The decision-making
system itself (i.e., belief revision based on new data) does not seem to be compromised. It should be noted that,
evidently, delusional inferences can be predicted by theory, since psychiatrists use robust theories for making
their predictions.

The critical case for Heal’s irrationality argument is different from the Capgras delusion, since it is the other
way round: no neuroanatomical basis, but faulty inference. Decision paradoxes might constitute such a case. We
propose to use the framing effect (Tversky & Kahneman, 1981) as the paradigmatic example, since the framing
effect is often considered the prototypical irrational decision. The classic framing task, the Asian disease prob-
lem, confronts participants with the following situation: Imagine that the U.S. is preparing for the outbreak of
an unusual Asian disease, which is expected to kill 600 people. Participants are then asked to choose under one
of two different frames, where identical outcomes are described as if they were different. In the positively
framed version, participants have to decide between a sure gain (Program A: 200 people will be saved) and a
risky gain (Program B: a 1/3 probability that 600 people will be saved and a 2/3 probability that no people will
be saved). In the negatively framed version, there is a sure loss (Program C: 400 people will die) and a risky loss
(Program D: 1/3 probability that nobody will die and a 2/3 probability that 600 people will die).

Formally, if 200 people are saved (out of 600), this is equivalent to 400 people dying. The typical finding is,
however, that participants in the positively framed condition tend to choose the sure option, whereas participants
in the negatively framed condition tend to choose the risky option. Is this irrational? A standard for rational
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choice is that inferences must not violate a condition called coherence (Adam & Reyna, 2005; Gilovich, Griffin,
& Kahneman, 2002). Coherence focuses on structural relations between judgments, based on logic (deductive
coherence) or probability theory (probabilistic coherence) and implies a property called invariance. According
to invariance, choices should be independent of superficial changes in the phrasing of the options. Thus, a
change in description should not alter the outcome. Accordingly, if you prefer A over B in the A-B gain pair of
the Asian disease task, you are also committed to prefer Cover D in the C-D loss pair. Any inconsistency here is
a violation of invariance, which is a basic postulate of rationality (Kuhberger, 2002).

The framing effect has been the most impressive example among a number of irrational effects which come
under the heading of “heuristics and biases”, or “cognitive illusions” (e.g., Gilovich, Griffin, & Kahneman,
2002). This tradition has successfully—probably more successfully than warranted—exported the idea that hu-
man intuitive judgment and decision making is heavily afflicted by irrationality to being widely accepted in the
social and economic sciences. For a broad public, the framing effect is astonishing and irrational, since a differ-
ent phrasing of the same outcomes should not lead to a different choice. This feature of the framing effect—that
it is perplexing and perceived as irrational—makes it a perfect candidate for testing Heals’ proposal about ST.

In what follows we report the results of an experiment testing whether the framing effect can be predicted. If
the experiment shows that the effect cannot be predicted, simulation is in trouble. Note that the boundary condi-
tions for the actual affect and the prediction of the effect are identical: participants learn of a hypothetical situa-
tion and have to predict a choice, either for themselves, or for some other person. This equates imaginative ade-
quacy for own and predicted choice.

It is unlikely that lay people entertain a correct theory about framing. Our laboratory has done numerous stu-
dies on framing where we frequently asked people about their thoughts in this task. Very rarely, if at all, did they
come up with something that even comes close to the presumed reason for the effect (the coding of the outcomes
as gains versus losses), if framing conditions were presented between groups. Even if framing was manipulated
within participants (i.e., participants had to decide in the gain as well as in the loss pair of options) the gain/loss
asymmetry was seldom taken to be relevant. In addition, if informed about the framing effect people often said
that this choice preference came as a big surprise. Taken together, people’s reactions indicated that a general
theory about the effects of framing on choice is probably not part of our folk-psychological makeup (Perner &
Kihberger, 2002). That is, lay people won’t have a relevant general theory on framing available, neither explicit
nor implicit, neither precise nor vague (see McKenzie & Nelson, 2003). Successful prediction of the effect
therefore is unlikely to be based on theory.

We tested whether people can correctly predict the framing effect while using self-reports for investigating
prediction strategy use, as it was suggested previously that this method can be valid for reporting prediction
strategies (Bazinger & Kiuhberger, 2012a; Dunning & Hayes, 1996). As an additional variable, we manipulated
the familiarity (unknown vs. well-known) of the target person, since familiarity plays a role for the choice of
prediction strategies (Bazinger & Kihberger, 2013; Karniol, 2003; Nickerson, 1999). If there is little knowledge
available about the target person (as it is usually the case with a stranger), there are no other options but to use
general theory or simulation, as the basis for a prediction. In contrast, if there is a lot of knowledge available
about the other person, it is likely that this knowledge will be applied in a prediction. Recently, it has been
shown that participants do indeed use specific information when predicting well-known people (Krienen et al.,
2010; Schurz et al., 2015) and that participants simulate more when predicting unknown compared to well-
known people. Thus, familiarity is related to theory use in predictable ways.

3. Method

3.1. Participants

We conducted an online study sent out to the students of the University of Salzburg, which was answered by
471 respondents (121 male). Mean age was 25.35 (SD = 7.55) years.

3.2. Materials and Procedure

Participants were randomly divided into two groups: In the choice group, which served as a control, participants
indicated their own choice in either the positively or the negatively framed task. In the prediction group, partici-
pants predicted the choice of a well-known or an unknown target person, in either the positively or the negatively
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framed task. For predicting a well-known person people were provided with the following instruction: “Well-
known person means that you see that person regularly and that you have a lot of contact with that person”. In
the unknown person condition the instruction read: “Unknown person means that you have never met that per-
son and that you never had contact with that person”. These definitions of degrees of familiarity are adapted
from Johnson (1987). That is, familiarity was manipulated by degree of contact, rather than by social role (e.g.,
friend, mother, father, etc.). Thus, we used a 3 (target: self vs. unknown other vs. well-known other) x 2 (posi-
tive vs. negative framing) between-participants design. Below is the example of the positively framed prediction
task:

Some person who is unknown to you (unknown means that you have never met that person and that you never
had contact with that person) is confronted with the following situation: Imagine that the U.S. is preparing for
the outbreak of an unusual Asian disease, which is expected to kill 600 people. Two alternative programs to
combat the disease have been proposed:

Program A: 200 people will be saved.

Program B: There is a 1/3 probability that 600 people will be saved, and a 2/3 probability that no people will
be saved.

What do you predict: Which program will this person choose?

After making the predictions, participants were asked to report on their prediction strategy on a 6-point scale
ranging from O (strongly disagree) to 5 (strongly agree). The scale was adapted from Bazinger and Kihberger
(2012b) and included simulation items (“Self as Proxy:” | chose the alternative that | personally would choose;
“Perspective Taking”: | put myself into the other person’s position), application of knowledge items (“General
Knowledge”: | thought about which alternative people in general would choose, and chose the alternative that |
think is preferred by most people; “Specific Knowledge”: | have specific knowledge about the other person, and
considered that knowledge in my prediction), and an item asking whether participants had arrived at their pre-
diction randomly (1 did not care and picked an alternative randomly). The order of items was varied randomly.

Finally, for checking whether participants had explicit knowledge about the framing effect, we asked them
whether they knew what the framing effect was (yes, no), and to provide a short description of the framing effect
(in case they knew it).

4. Results
4.1. Choices and Predictions

Since this was an online study, we took care to exclude participants whose responses might be problematic. We
excluded all participants who indicated having either chosen randomly, or being knowledgeable about the fram-
ing effect (N = 26). A sample size of 445 participants (113 male) remained, with 223 participants in the predic-
tion group (either predicting well-known or unknown others), and 222 participants in the choice group.

The main findings are shown in Figure 1. In the choice group, we found a unidirectional framing effect: less
risk-seeking in the positive than in the negative framing condition (55.6% vs.79.7%; %2 (1, N = 222) = 14.90; p
< 0.001; ¢ = 0.26). For the prediction groups, similar findings were observed. When predicting an unknown
person, 51% predicted the choice of the risky option in the positive framing condition, and 72.2% predicted a
risky choice in the negative framing condition (x* (1, N = 112) = 4.91; p = 0.027; ¢ = 0.21). When predicting a
well-known target person, 45% predicted the choice of the risky option in the positive framing condition, and 65%
predicted the choice of the risky option in the negative framing condition (x® (1, N = 111) = 4.85; p = 0.028; ¢ =
0.21). To test for an interaction between target person and framing condition, we conducted a logistic regression
predicting choice (sure vs. risky option, sure was coded as 0 and risky was coded as 1) from framing condition
(positive vs. negative), target person (self vs. unknown vs. well-known), and the interaction between framing
condition and target person. Only framing condition reached significance. Neither the target person nor the inte-
raction between framing and target (see Table 1) reached significance. In sum, predictions in neither groups
differed from own choices, and a framing effect of about the same size (notice the similar effect sizes) was evi-
dent for own choices as well as for predictions.

4.2. Reported Prediction Strategies

Figure 2 shows the means and 95% confidence intervals of reported prediction strategies. To enable easy
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Figure 1. Percentages of participants choosing the risky option in the
choice group, in the unknown target person condition and the well-known
target person condition.
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Figure 2. Means and 95% confidence intervals of reported prediction
strategies for well-known and unknown target person.

Table 1. Logistic regression on choice (sure vs. risky option) as depen-
dent variable, and framing condition, target person (self vs. unknown vs.
well-known other-self was used as the baseline that the other two catego-
ries were compared to) and the interaction between framing condition and
target person as independent variables.

B (SE) Odds Ratio [95% Cl]
Framing Condition 1.197 (0.30) 3.29[1.83,5.91]
Unknown Other —0.13 (0.35) 0.87[0.44, 1.73]
Well-known Other —0.38 (0.33) 0.69 [0.36, 1.30]
Unknown*Framing —0.28 (0.51) 0.76 [0.28, 2.07]
Well-known*Framing —0.37 (0.48) 0.69 [0.27, 1.77]

Note: “"p < 0.001.

comparison, we calculated a simulation index (SI) by dividing the simulation score (i.e., the sum of the two si-
mulation items) by the overall score (i.e., the sum of the simulation items plus the two theory items). The closer
this simulation index is to 1, the more it indicates that simulation was reported as prediction strategy; the closer
it comes to 0, the more it indicates that theory was reported. If Sl is close to 0.5, about the same amount of si-
mulation and theory was reported. A t-test showed a significant difference of the SI between unknown (M = 0.43,
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SD = 0.25) and well-known target persons (M = 0.38, SD = 0.13); t(219) = 2.08, p = 0.039, d = 0.26). This
shows that familiarity influenced the reported prediction strategies. Specifically, more simulation was reported
for predicting unknown than well-known people. In addition, a size of SI well below 0.5 indicates that people
reported more use of theory than of simulation. However, none of the strategies was reported exclusively.

4.3. Use of Theory

It is unlikely that participants predicted choices by using some exclusive theory on framing, since, presumably,
no such theory is part of the folk-psychological makeup, neither explicit nor implicit. It is, however, possible
that participants applied some other—however irrelevant—theory in their predictions. For instance, they could
entertain the theory that people are risk-seeking in general, or that one is not allowed to gamble when lives are at
stake. If a majority of predictors held such a theory, predictions would not differ between framing conditions,
but would result in a preference for either the risky, or the sure option. Thus, if most people thought that other
people are risk-seekers, they would predict the choice of the risky option, irrespective of framing. To test
whether some general theory was used, we performed a logistic regression with prediction strategy (simulation,
general knowledge, specific knowledge) and framing condition as independent variables, and predicted choice
as the dependent variable. Results can be found in Table 2. Only two variables reached significance: Framing
condition (more risky choices were predicted in negative framing), and simulation (the less participants reported
simulation, the more they predicted the choice of the sure option). General knowledge was not a significant pre-
dictor, invalidating the possibility that some general theory different from a theory on framing was responsible
for the predictions. Taken together, this shows that 1) predicting by simulation resulted in predicting the majori-
ty option, that is, the option that most participants chose for themselves, and 2) people did not use some irrele-
vant theory consistently.

5. Discussion

We examined whether the paradoxical framing effect can be correctly predicted. In an online study we repli-
cated the existence of the framing effect for people’s own choices. In addition, the effect was also predicted for
other people’s choices. Self-report data on prediction strategies indicated a mix of simulation and theory.

5.1. High-Level Simulation Not Ruled Out

Our central finding is that people predicted choices of other people in a way that a framing effect was evident.
Had we found the contrary, i.e., that people failed in predicting the framing effect, high-level simulation as a
predictive strategy would have been ruled out. If people predict a framing effect for their own hypothetical
choices, they should also predict it for other’s choices based on identical hypothetical input. ST thus has sur-
vived this basic examination.

Recall that the hard-liner’s position of TT holds that TT is the dominant explanatory strategy in cognitive
science, and that ST is a challenge to this view (Stich & Nichols, 1992). The hard-liner’s position is unlikely to
be true for low-level simulation, where the evidence for simulation collected in the last 20 years or so is indeed
strong (e.g., Bach, 2011; Goldman, 2006; Shanton & Goldman, 2010). However, high-level simulation has not
yet been shown convincingly. The minimum we can say is that our findings do not rule out high-level simulation

Table 2. Logistic regression on predicted choice as dependent varia-
ble, and simulation, general knowledge, specific knowledge, and
framing condition as independent variables.

B (SE) Odds Ratio [95% Cl]
Simulation 0.35" (0.15) 1.41[1.06, 1.88]
General Knowledge —0.08 (0.09) 0.93[0.77,1.12]
Specific Knowledge —-0.14 (0.09) 0.87[0.73, 1.03]
Framing Condition 0.78" (0.32) 2.18[1.18, 4.03]

Note: p < 0.05.
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as a prediction strategy.

5.2. The Framing Paradox

From a formal viewpoint, if 600 people are at risk in total, and 200 people will be saved, this implies that 400
people will not be saved. However, there are pragmatic considerations arguing that this implication may not fol-
low (Geurts, 2013), since people bring additional background knowledge to bear. For instance, they could in-
terpret the sure gain option as meaning about 200 people will be saved, since expectations are inherently uncer-
tain (Jou, Shanteau, & Harris, 1996; Kihberger, 1995; Macdonald, 1986). Similarly, fuzzy trace theory (Reyna
& Brainerd, 1991) suggests that people do not process the numerical information in an exact way, but rather
have a preference for the lowest level of processing that is necessary for solving the task at hand. In the context
of framing, the quantitative information of the two options can be reduced to its qualitative gist: whether some
people will be saved or not, and whether some people die or not. A preference for some people being saved over
some people being saved and some people not being saved (this is the gist translation of the sure and risky gain
option, respectively), and a dislike for some people being killed over some people being killed and some people
not being killed (gist translation of the sure and risky loss option, respectively) leads to the framing effect. If
choice in framing tasks is based on extracted gist, and if gist extraction is not treated as a distortion, the framing
effect cannot be considered a bias.

Recently, information leakage was proposed as a source of the framing effect (McKenzie & Nelson, 2003;
Sher & McKenzie, 2006). The basic idea is that the speaker’s reference point is communicated (e.g., if people
usually live or die) by his or her choice of frame. This provides the listener with choice-relevant information
which can influence preferences. In the context of risky choice framing, Sher and McKenzie (2008) have argued
that a speaker’s choice of frame may signal that he or she considers an option to be relatively (un)successful. For
instance, when people were free to frame an option, they were more likely to frame the sure option as a gain
when they preferred the sure option over the risky option. Thus, their preference could be inferred from their
choice of frame (see also Gigerenzer, 2015).

Pragmatic processes like gist extraction or information leakage could indeed be used for arguing that framing
conditions fail to be equivalent. Similarly, many background assumptions about tacit background knowledge
may also lead to the failure of equivalence (Geurts, 2013; Kuhberger, 1995). Such inferences are not equally
likely in different framing tasks, however. The occurrence of leakage depends on two factors (Sher & McKenzie,
2006): First, an impoverished environment—the less information there is, the more impact leakage of back-
ground information will have. Second, most scenarios provide only a fraction of a whole story, and participants
have to fill in own inferences and details. Similarly, according to fuzzy trace theory, ambiguous, complex scena-
rios are reduced to simpler information in order to make better sense of them. A particular task that does not
have these features, however, is gambling for money. In framed gambles, all relevant information is presented—
outcomes and their respective probabilities—Ileaving no ambiguities. Still, the framing effect occurs in gambling
tasks. Information leakage does not apply in a gambling setting and fuzzy trace theory probably also fails since
gist extraction is unlikely for gambles, given that everybody knows that exact numerical outcomes are the es-
sence of gambles. Thus, while recent accounts offer explanations that point to the use of pragmatic inferences in
some framing tasks, the framing phenomenon as a whole cannot be easily striped off its appearance of a para-
dox.

5.3. The Argument on Irrationality

High-level simulation does not guarantee correct predictions. That it is doomed to fail with irrational decisions
(Heal, 1996) is unlikely, however. High-level simulation is done by running one’s own decision processes off-
line, i.e., on pretend inputs. If one’s own processes are irrational, then the result of taking the system offline will
also be irrational. A simulator then will attribute irrational decisions to other people.

The literature on heuristics and biases (e.g., Kahneman & Tversky, 2000; Kahneman, Slovic, & Tversky,
1982) is a rich source of findings indicating fallacious reasoning. However, these biases are systematic. That is,
choices and preferences do deviate from a rational solution, but they do so in predictable ways. There is bias,
rather than randomness. The framing effect also falls under this category. It may be due to fallacious reasoning,
but the majority of people follow the same fallacy. Presumably, biases can be simulated because they are what
BermuUdez (2001) calls weakly normative: 1) their normal functioning is specifiable in behavioral terms (e.g., in
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risky choice, risk-attitude should be independent of framing); 2) their functioning does not vary enormously
across individuals (e.g., in risky choice, people usually agree on which option is more or less risky); 3) they are
modular, at least in part (e.g., in risky choice, if something is considered a loss, loss aversion follows mandato-
rily), and 4) they break down in characteristic ways (e.g., in risky choice, gain-loss framing leads to risk-aver-
sion for gains and risk-seeking for losses). Decisional biases are systematic, lead to consistent errors, and all or-
dinary people are susceptible to them - they are weakly normative. In contrast to coherence, this definition of the
normative relies on process considerations, and does not take into account solely the output of a decision process.
Our experiment is a test of a weakly normative process in the sense of Bermudez which can be successfully si-
mulated. There is hope, then, that decision paradoxes, as they are reported in the heuristics and biases literature,
can be simulated.

Still, it should be kept in mind that the investigation of decision paradoxes is a fruitful approach, since, by
virtue of their very nature, correct theories for these paradoxes tend to be absent in lay people (sometimes also in
researchers). Thus, every instance of correct prediction of a paradoxical result adds a score for ST, given that it
is unlikely that people entertain a correct theory. ST also scores on simplicity: TT needs a wealth of theories for
the wealth of different decision paradoxes. Not so simulation, where one process fits them all.

We found that, when participants reported mainly using simulation rather than theory, they tended to predict
the choice of the majority option. This follows from the very idea of simulation: if most people choose some op-
tion, they will also predict that others prefer this option. However, there is a problem with this reasoning. The
choice of the majority option could also follow from reliance on an explicit theory, or rule, like: “Predict for
others what you would choose for yourself.” Thus, the simulation would be the content of a rule, which is not
simulation proper, but using theory by analogical reasoning. If so, simulation as well as theory, lead to the same
behavioral result: the majority choice. Behaviorally, a decision between these two possibilities may be impossi-
ble. Other techniques like fMRI may be necessary, which have already been successfully used for showing
low-level simulation and mirroring. There are such experiments, for instance Coricelli and Nagel (2009), Suzuki
et al. (2012), or Decety and Grezes (2006) which exploit the idea of shared recruitment. Most notably, Schurz et
al. (2015) found in an fMRI study that also high-level simulation is a universal strategy that can be applied in
different contexts, irrespective of the availability of theories. However, most predictions employ both strategies
concurrently.

5.4. Truly Irrational Effects

Different from the heuristics and biases tradition, we suggest that truly irrational effects are found in psychiatry.
A classic example is delusional inferences. As discussed for the Capgras delusion, two factors may be relevant:
the disconnection between the face recognition system and the autonomic nervous system, and the functioning
of the belief revision system (Coltheart et al., 2010, 2011). If this view is correct, ordinary people will be unable
to simulate delusional inferences of delusional people. We are not aware of any data on this, but intuitively we
would assume that—whatever she pretended to be the case—a healthy simulator would never find herself
thinking that a well-known face is actually the face of a stranger. Simulation would not work since the mental
system of the delusional person is different from the system of the healthy person.

A more interesting case is the following: would it be possible for a delusional person to simulate another per-
son with the same delusion? The answer depends on whether or not the delusional simulator can conjure up the
appropriate pretend beliefs. Can a person suffering from Capgras delusion imagine seeing a familiar face, given
that he or she is unable to appreciate what it means for a face to be familiar? If the delusional person’s mental
system does not provide the qualia of familiarity, pretending familiarity is logically impossible. Thus, by simu-
lation it should be impossible to predict Capgras delusion for a simulator suffering from Capgras delusion even
if the simulating person has the same mental system as the other person. Only theory will be helpful here. The
Capgras delusion then could constitute a case for Heals’ (1996) suggestion that irrationality cannot be predicted
by simulation.

What about the other way round? Could a predictor successfully predict rational choices of individuals with
mental illness who are more able than the hale and hearty of adhering to the rules of rationality? Hertwig and
Volz (2013) enumerate a series of findings showing that patients with mental illness or damage to specific brain
regions (most of them related to regions that are implicated in diminished impact of emotions) are more rational
than ordinary people. For instance, they do not show ambiguity avoidance, are more coherent and correspondent
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in their choices, or less loss aversive. That is, they do not show classic decision paradoxes, presumably due to
their illness. In these interesting cases we would not expect simulation to result in correct predictions. To con-
clude, the link between abnormality and rationality offers many possibilities to better understand the scope and
limits of theory and simulation in mind-reading.
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