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Abstract. Most previous research on illusions of control focused on generative scenarios, in which participants’ actions aim to produce a
desired outcome. By contrast, the illusions that may appear in preventive scenarios, in which actions aim to prevent an undesired outcome
before it occurs, are less known. In this experiment, we studied two variables that modulate generative illusions of control, the probability with
which the action takes place, P(A), and the probability of the outcome, P(O), in two different scenarios: generative and preventive. We found
that P(O) affects the illusion in symmetrical, opposite directions in each scenario, while P(A) is positively related to the magnitude of the
illusion. Our conclusion is that, in what concerns the illusions of control, the occurrence of a desired outcome is equivalent to the nonoccurrence
of an undesired outcome, which explains why the P(O) effect is reversed depending on the scenario.
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In a broad sense, behavior is the means by which animals
try to cause relevant changes in their environments. Every
action performed by an animal is aimed at either producing
a desired outcome (e.g., as when foraging to gather food, or
taking a painkiller to stop a headache) or preventing an
undesired one (e.g., as when spraying insect repellents to
keep mosquitoes away).1 However, needless to say, certain
actions will fail to yield the outcome they aimed at. For in-
stance, using a lucky charm will hardly affect tomorrow’s
weather in any meaningful way. Moreover, even when
the potential of a given action to produce an outcome does
actually exist, it may eventually wear off (e.g., flipping a
light switch would normally work to switch a light bulb
on, unless the electricity supply is interrupted by a storm).
The existence of ineffective actions and, even more impor-
tantly, the fact that the potential of an action to produce an
effect may change due to external factors force animals to
engage in a constant, dynamical coupling between their
behavior and the environment, with the goal of persisting
in the effective actions that yield the desired outcome,
and quitting on the useless actions that fail to produce it.

The first issue an animal must address to successfully
adjust its behavior to the environment comprises the task
of telling the difference between effective and ineffective

actions. According to a vast literature, this question is clo-
sely related to contingency learning. Normatively, the
degree of contingency between two events is given by
the DP rule (Allan, 1980), which amounts to the difference
between two conditional probabilities: Namely, the proba-
bility of the outcome if the action is performed, P(O|A),
minus the probability of the outcome if the action is not
performed, P(O|�A). To the extent to which these two con-
ditional probabilities differ, DP departs from zero, and con-
sequently the two events, action and outcome, are
contingent on each other. A positive contingency (i.e.,
DP > 0) means that the probability of the outcome occur-
rence (whether desired or undesired) is higher when the ac-
tion is performed than when it is not. This would happen
when the action effectively causes (i.e., generates) the out-
come. A negative contingency (i.e., DP < 0) reflects the
opposite situation, typical of a preventive scenario (i.e.,
the action prevents the occurrence of the outcome, which
could either be desired or undesired). Whenever DP equals
zero, the null contingency suggests that the action fails to
affect the state of the outcome, just as the weather changes
are not contingent on using any lucky charms.

A considerable amount of evidence suggests that people
and other animals are able to match some aspects of their

1 There are also actions that produce undesired outcomes (e.g., touching a hot stove and burn oneself) or prevent the occurrence of a desired
outcome (e.g., insisting too much on asking for a date to a potential couple, and being rejected). In these cases, people (and animals, more
generally) will presumably learn to stop performing such harmful actions. They are not the focus of the present paper (for further
discussion on the illusion of control in such scenarios, see Matute & Blanco, 2014).
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behavior to the actual contingency between their actions
and relevant outcomes (Blanco, Matute, & Vadillo, 2010;
Rescorla, 1968; Shanks & Dickinson, 1987; Wasserman,
1990). However, it has been shown that systematic errors
appear under certain circumstances. Of special interest are
those situations in which there is no contingency between
action and outcome (i.e., DP = 0), but still people believe
that their actions affect the outcome. We call these phenom-
ena illusions of control (see Langer, 1975). Two conditions
that are known to facilitate the illusion of control are a high
probability of the outcome occurrence, P(O), and a high
probability of performing the action, P(A). That is, even
when the actual action-outcome contingency is null, expos-
ing participants to very frequent outcome occurrences, that
is, high P(O), often leads to an illusion of control (this is
sometimes called outcome-density bias; Allan & Jenkins,
1983; Alloy & Abramson, 1979; Buehner, Cheng, &
Clifford, 2003; Musca, Vadillo, Blanco, & Matute, 2010;
Vall�e-Tourangeau, Murphy, & Baker, 2005; Wasserman,
Kao, Van Hamme, Katagiri, & Young, 1996). Likewise,
participants who perform the action very often, that is, high
P(A), are likely to develop an illusion of control, particu-
larly in high P(O) conditions (Allan & Jenkins, 1983;
Blanco, Matute, & Vadillo, 2011, 2012; Hannah &
Beneteau, 2009; Matute, 1996).

As the mentioned research illustrates, illusions of con-
trol in which people believe in their actions as effective
generative causes of desired events have been extensively
studied, and some variables that modulate the illusion have
been identified. But we know less about the illusions that
may arise in the preventive scenario, when actions are
thought to prevent the occurrence of undesired, but still
uncontrollable, outcomes (Bloom, Venard, Harden, &
Seetharaman, 2007).

Studying preventive illusions is relevant for various rea-
sons. First, the available evidence suggests that the occur-
rence of undesired outcomes is able to induce even
stronger illusions than the occurrence of desired ones
(e.g., Aeschleman, Rosen, & Williams, 2003; Bloom
et al., 2007). Second, most everyday superstitions involve
the avoidance of undesired outcomes, such as omens
(e.g., knocking on wood to avoid bad luck), rather than
obtaining desired outcomes (e.g., using an amulet to bring
about good luck) (Blum & Blum, 1974; Wiseman & Watt,
2004). Most importantly, the preventive illusion turns out to
be of interest for clinical and abnormal psychology:
Whereas generative illusions have been associated to
optimistic and adaptive biases (Taylor & Brown, 1988),
preventive illusions could be instead related to maladaptive
behaviors. For instance, patients suffering from Obsessive-
Compulsive Disorder (OCD) are known to develop strange
superstitious habits that often resemble preventive illusions
of control (e.g., D�ttore, & O’Connor, 2013; Reuven-
Magril, Dar, & Liberman, 2008; Zebb & Moore, 2003).
Typically, the patient engages in a repetitive behavioral pat-
tern aimed at preventing catastrophic events from happen-
ing, despite this behavior being evidently useless. Note
that, in this pathological condition, the action happens
before the undesired outcome takes place (i.e., with the goal
to prevent it). Furthermore, the action can happen even

despite the aversive outcome never taking place. Thus, a
patient suffering from OCD would typically act in a certain
systematic way that is only supported by the thought that a
terrible outcome (such as the death of a close relative)
would occur if the patient stopped engaging in that partic-
ular behavior, despite the fact that the fearsome outcome
never actually happened. It is the absence of the outcome
that reinforces the action, and this is an important difference
as compared to the more thoroughly studied generative sce-
nario, where a positive reinforcement schedule takes place
(i.e., the occurrence of a desired outcome after emitting a
response increases the likelihood of further responding).
A parallel to the situation of OCD patients can be found
in Aeschleman et al. (2003, Experiment 2, negative rein-
forcement condition), in which no outcome was presented
and still a reliable illusion of control was reported.

To sum up, the illusions of control have been thor-
oughly studied in the case of generative scenarios in which
a certain behavior is repeatedly followed (and reinforced)
by a desired outcome that occurs frequently (being it the
occurrence of an appetitive stimulus or the termination of
an aversive one). However, this rationale cannot be easily
applied to the preventive scenario in which an undesired
(to-be-avoided) outcome never (or hardly ever) takes place.
In fact, we could make the prediction that the manipulations
of P(O) would actually have the opposite effect when con-
ducted in a preventive scenario as compared to when they
are conducted in a generative scenario. In line with this pre-
diction, OCD patients display apparently strong preventive
illusions, yet the P(O) they are exposed to is extremely low
(i.e., the fearsome outcome they are trying to avoid is unli-
kely to ever occur). The P(A), on the other hand, is
expected to increase the magnitude of the illusion, regard-
less of whether the outcome is desired or undesired.
The reason is that the more often one acts, the greater the
chances that the action is accidentally followed by the
desired outcome (or the absence of the undesired outcome),
thus strengthening the association between both. The effect
of P(A) was not studied in previous experiments that used
undesired outcomes (e.g., Aeschleman et al., 2003).

The goal of the current experiment is to explore the
effects of P(A) and P(O), two variables that affect genera-
tive illusions (i.e., produce/terminate an outcome), on the
magnitude of illusions developed in a preventive scenario.
Our prediction is that, in the preventive condition, the
manipulation of P(O) should yield an effect of opposite sign
to that typically observed in the generative condition,
whereas P(A) should affect the illusion in the same way
as in the generative scenario: That is, a higher P(A) should
produce stronger illusions of any sign.

Method

Participants and Apparatus

Seventy-nine first year students from the University of
Leuven took part in the study, in exchange for course credit.
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We excluded the data of two participants because they
responded on every trial. Therefore, they did not
expose themselves to the outcome base-rate information,
P(O|�A), which is essential to give an accurate judgment
of control. In this particular experiment in which the out-
come occurrence has two different interpretations depend-
ing on the condition, including these participants would
have been a matter of concern because there were no par-
ticipants who failed to respond in every trial to compensate.
The final sample consisted of 77 students: 21 in the
Produce-High group; 19 in the Produce-Low group; 19
in the Prevent-High group; and 18 in the Prevent-Low
group.

The experimental task was programmed in E-Prime for
Windows. Participants were tested individually in a
sound-proof room at the Department of Psychology of the
University of Leuven. The experimental session took
approximately 15 min.

Procedure

The ‘‘light bulb task’’ described by Msetfi, Murphy,
Simpson, and Kornbrot (2005) was adapted for this exper-
iment. Before the session, participants were given written
instructions on the computer screen (they are available in
the Appendix). The sequence of events in every trial is
depicted in Figure 1. The inter-trial interval (ITI), depicted
as Event 1 in Figure 1, lasted 2 s, during which the

participants were presented with the picture of a light bulb
that was off against a white background in the computer
screen. During this interval that aimed to separate consecu-
tive trials, participants could only wait until the next trial
started. All trials had a fixed duration of 4 s, comprising
a sequence of two events, each one lasting for 2 s. First,
a red button appeared below the bulb, together with a text-
box stating ‘‘You may press the button now’’ (i.e., Event 2
in Figure 1). This indicated to the participants that they had
the opportunity to do something: If they wanted to press the
button, they should press the spacebar on the keyboard
immediately; if they decided not to press the button, they
should do nothing and wait. The button remained available
on the screen for 2 s before it disappeared. Any response
given while the button was not present on the screen was
not recorded. Subsequently, the light bulb either came on
for 2 s (i.e., outcome-present trial) or, alternatively, stayed
off for 2 s (i.e., outcome-absent trial). This corresponds to
events 3a and 3b in Figure 1. Then, the ITI was presented
again, followed by a new trial.

After a series of 50 trials, the participants were asked to
rate how much control they exerted over the light (i.e., a
judgment of control: ‘‘To what extent did you control the
switching on of the light bulb?’’) by clicking on a scale
ranging from �100 to +100. The use of the scale was
described as follows:

‘‘Please, answer by CLICKING THE MOUSE on the
scale. �100 means: Pressing the button ALWAYS
PREVENTED the light bulb from switching on;
0 means: Pressing the button HAD NO EFFECT
AT ALL on the switching on of the bulb; +100
means: Pressing the button ALWAYS MADE the
light bulb switch on; Intermediate numbers mean
INTERMEDIATE LEVELS OF CONTROL, either
to prevent the light from switching on (negative val-
ues), or to make it switch on (positive values).’’

Two between-participants manipulations were con-
ducted. The first one concerned the participants’ goal.
Before the experiment, two different sets of instructions
specified different goals for the participants (see Appendix).
In the ‘‘Produce’’ condition, the light coming on was
described as the desired outcome that participants should
try to produce. By contrast, in the ‘‘Prevent’’ condition, par-
ticipants were instructed to try to prevent the light from
coming on. That is, by means of instructional manipula-
tions, the very same event (i.e., the switching on of the
bulb) was a desired outcome for half of the participants,
and an undesired outcome for the other half.

The second manipulation was the probability of the
light coming on, P(O). There are several ways in which
P(O) can be manipulated in this type of experiment.
The way in which we programmed it was as follows:
At the beginning of the experiment, the computer program
generated a list of 50 items. A number of them (either 10 or
40, depending on the condition) were labeled as ‘‘out-
come,’’ and the rest as ‘‘no outcome.’’ In each trial, the pro-
gram chose a random item from the list without

Figure 1. Diagram showing the flow of events in each
trial. First, the inter-trial interval (ITI), represented as
Event 1 (left), consisted of showing the light bulb off for
2 s before the trial started. Event 2 (middle section)
consisted of the response button appearing below the light
bulb. During Event 2, participants had the opportunity to
press the spacebar or not. Finally, during Event 3 (right)
one of two things could happen: either the light bulb went
on (3a) or stayed off (3b). In either case, the event lasted
for 2 s, after which a new ITI started.
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replacement, and used it to determine whether or not the
light would come on in that particular trial. In the High
P(O) condition, the light came on in 40 out of 50 trials, that
is, P(O) = .80, whereas in the Low P(O) condition, it came
on in 10 out of 50 trials, that is, P(O) = .20. Since the
sequences of trials were randomly determined by the pro-
gram regardless of the participant’s decisions, the outcome
(i.e., the light coming on) was uncontrollable.

Results

Judgments of Control

Table 1 reports the descriptive statistics for the judgments
of control obtained in each group. Additionally, the infor-
mation is complemented by the histograms in Figure 2.
As the figure suggests, there was some variability in the
individual participants’ judgments. Several participants, in
all groups, realized that their actions were useless and gave
a judgment of zero (eight in the Produce-High group, nine
in the Produce-Low group, seven in the Prevent-High
group, and six in the Prevent-Low group). This is not
uncommon in experiments where the programmed contin-
gency between the action and the outcome is null. Nonethe-
less, not all participants became aware that the schedule
was not contingent, and what matters for our present
purposes is how the distributions of these judgments varied
between groups. In the groups Produce-Low and Prevent-
High, in which either the desired outcome was scarce or
the undesired one was frequent, the participants’ judgments
did not differ significantly from zero, as expected:
t(18) = 0.16, p = .87, and t(18) = 1.58, p = .13 (respec-
tively). Moreover, in the two remaining groups, the judg-
ments were either significantly above zero, t(20) = 2.87,
p = .01 (Produce-High group) or significantly below zero,
t(17) = 3.97, p = .001 (Prevent-Low group). These two
groups are the ones that provide the most rewarding

experience to the participant; hence they promote the
illusion (be it generative or preventive).

Given that the judgment scale was bidirectional (�100
to +100), it could mask the illusions by compensating posi-
tive and negative departures from zero (the normatively
correct value of control exerted over the outcome). There-
fore, we conducted the following analysis taking the abso-
lute values of the judgments as dependent variable (see
Figure 3). A 2 · 2 ANOVA with P(O) (high vs. low)
and Goal (produce vs. prevent) as factors revealed
a P(O) · Goal interaction, F(1, 73) = 8.45, p = .005,
gp

2 = .10, whereas neither the main effect of P(O) nor of
Goal were significant (both Fs < 1). This means that, as
suggested by Figure 3, illusions of control appeared more
prominently either when the outcome was desired and fre-
quent or when it was undesired and scarce. As Table 1 indi-
cated, the illusion was generative (positive judgments) in
the former case and preventive (negative judgments) in
the latter.

Effect of the Probability of the Action
on the Judgments of Control

The probability of the action, P(A), was calculated as the
number of trials in which the participant decided to press
the button over the total number of trials (i.e., 50). We were
mainly interested in the effect of the P(A) on judgments of
control, and how this effect could be modulated by Goal
and P(O). The scatter plots in Figure 4 depict the raw judg-
ments as a function of P(A) for each group. The figure sug-
gests that the slope of the linear relation between P(A) and
judgments was highly dependent on the group. Thus, we re-
gressed the raw judgments onto the P(A) within each of the
four groups. The simple linear regression analysis yielded a
significant positive relation in the Produce-High group,
b = .59, t(19) = 3.18, p = .005, R2 = .35. This is consistent
with previous reports conducted in similar conditions (e.g.,
Blanco et al., 2011; Matute, 1996), in which the higher the
P(A) was, the more positive the judgment of control (i.e.,
stronger generative illusion). In addition, we found a signif-
icant negative relation in the Prevent-Low group, b = �.52,
t(17) = 2.44, p = .027, R2 = .27. As we predicted in this
condition, higher P(A) led to more negative judgments of
control (i.e., stronger preventive illusion). Contrasting with
these two groups, the slopes were not significantly different
from zero in the Produce-Low group, b = �.23,
t(18) = 0.99, p = .33, R2 = .05, and in the Prevent-High
group, b = .23, t(18) = 0.96, p = .35, R2 = .05 (Prevent-
High group), as could be expected.

Together with the previous analyses, these data indicate
that two latent types of group underlie our design. On the
one hand, the two groups in which either the desired out-
come occurred frequently or the undesired outcome
occurred scarcely (Produce-High and Prevent-Low) repro-
duce similar highly rewarding situations. On the other hand,
the two groups in which either the desired outcome
occurred seldom or the undesired outcome occurred very
often (Produce-Low and Prevent-High) result in a situation

Table 1. Descriptive statistics of the raw judgments of
control given in each group. LL and UL are the
lower and upper limits of the 95% confidence
intervals for the mean. Note that the zero value
lies within the confidence interval in the
Produce-Low and Prevent-High groups, sug-
gesting that they developed little or no illusion
of control. By contrast, judgments were positive
in the Produce-High group, and negative in the
Prevent-Low group, suggesting a generative and
a preventive illusion, respectively

Group Mean LL UL SD

Produce-High 25.24 7.98 42.49 40.34
Produce-Low �0.84 �10.84 9.15 22.23
Prevent-High 9.89 �2.35 22.14 27.24
Prevent-Low �34.11 �51.88 �16.34 38.46
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where failure, not reward, prevails. Accordingly, the two
former groups showed a stronger illusion of control than
the two latter ones, as detailed above.

Additional Analyses

Although the main results of the experiment have been
reported in the previous section, we now provide additional
information concerning two potential confounds of instru-
mental tasks in which the decision of whether or not to
act is left to the participant. First, we needed to check that
all groups were comparable in their P(A) level. Thus, we
conducted a 2 · 2 ANOVA with P(O) and Goal as factors
on the P(A). As Figure 5 suggests, neither the interaction,
F(1, 73) = 3.23, p = .077, gp

2 = .04, nor any of the
main effects (minimum p = .20) was found significant.

Therefore, we can conclude that there were no significant
differences in P(A) between groups. This renders the effects
of P(A) on the judgments of control that we reported in the
previous section easier to interpret: They could not be
attributable to the groups differing in their levels of P(A).
In fact, there were reasons to expect our participants to
press the button more often in those groups where they
were more frequently rewarded, either because the desired
outcome occurred often (i.e., Produce-High group), or be-
cause the undesired outcome was absent in most of the tri-
als (i.e., Prevent-Low group). On the other hand, according
to the instructions given to participants (see Appendix), the
outcome could reinforce either the action or the absence of
the action. If a participant decided not to act on a given trial
and the desired event occurred, then refraining from acting
was probably reinforced. This may explain why we found
no between-groups differences in P(A).
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Figure 2. Histograms depicting the distributions of the raw judgments in each group. As can be seen in the figure, many
participants gave a judgment of zero (this was the modal value in all groups). However, the distribution of the rest of the
judgments varied between groups. It is sensible that the mode of the distributions was zero for at least two reasons: First,
it was the normatively correct value. Consequently, many participants might have realized that the outcome was
noncontingent on the actions. Second, whereas there is only one value to choose when the participant realized that there
was no control over the outcome (zero), there were plenty of other values to choose when the participant developed an
illusion, therefore resulting in a spread distribution instead of a narrow one.
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The second potential confound in these procedures is
the actual contingency. Even when the programmed contin-
gency is set to zero, as in our experiment, participants may
end up exposing themselves to slightly different levels of
actual contingency (Hannah, Allan, & Siegel, 2007). There-
fore, we proceeded to analyze the actual contingency to
which our participants exposed themselves during the ses-
sion. Figure 6 includes the actual contingency tables expe-
rienced by each group, as well as the actual contingency
values (measured as the DP index) computed from the total
of 50 trials. A 2 · 2 ANOVA with P(O) and Goal as factors
was conducted on the actual contingency values. The anal-
ysis yielded no significant results: For the main effect of
P(O) and the interaction, both Fs were < 1; and the main
effect of Goal did not reach the significance threshold,
F(1, 73) = 2.67, p = .11, gp

2 = .03. That is, no significant
differences between the four groups were observed in the
actual contingency values. Consequently, it seems unlikely
that this variable can explain the between-groups differ-
ences in the judgments that we reported in the previous
section. Very similar results were obtained when we re-
peated the analyses on the actual contingency computed
from the last block of ten trials, which indicates the consis-
tency of the result.

Discussion

Although animals strive to successfully discriminate
between those outcomes that are under their control and

those that remain uncontrollable, sometimes their sense of
control is misled by situational variables. Three of these
variables are of interest for the current paper: The probabil-
ity of the outcome, P(O), the probability of the action, P(A),
and the causal polarity of the scenario (preventive vs.
generative). The effect of P(O) has been reported as the
observation that delivering desired outcomes with high
frequency creates the illusion that they are under the
participant’s control (Allan & Jenkins, 1983; Alloy &
Abramson, 1979; Buehner et al., 2003; Musca et al.,
2010; Vall�e-Tourangeau et al., 2005; Wasserman et al.,
1996). Likewise, the effect of P(A) entails a similar illusion
when the participant’s action is performed very frequently
(Blanco et al., 2011, 2012; Hannah & Beneteau, 2009;
Matute, 1996). These two effects have been thoroughly
studied in generative scenarios where participants attempt
to produce a desired outcome, and not yet so in preventive
scenarios where they try to prevent the occurrence of an
undesired one. Thus, the participant’s goal is a third factor
of crucial interest for this research. If we re-interpret the
nonoccurrence of an undesired outcome (e.g., mosquitoes
not appearing after spraying a repellent) as an actually
appetitive outcome, then we could hypothesize that the ef-
fect of P(O) should be present in preventive scenarios too,
but only its sign would be reversed. In addition, we could
also hypothesize that the effect of P(A) should be similar
in preventive and generative scenarios. Therefore, the con-
junction of low P(O) and high P(A) should lead to stronger
preventive illusions.

This is precisely what we found in our experiment. First,
the illusion of control over an actually uncontrollable out-
come (a light onset) was sensitive to P(O), but dependent
on the participant’s goal (to prevent the occurrence of an
undesired outcome vs. to produce the occurrence of a
desired one). We found a strong illusion of positive sign
in the generative scenario as long as the desired outcome
was frequent (in line with many previous reports). The neg-
ative illusion (control judgments below zero) appeared in
the preventive condition, but only when the undesired out-
come was delivered with low probability. We found no illu-
sion in the other two conditions (i.e., desired outcome
occurring seldom and undesired outcome occurring often).
Second, P(A) also affected the control judgments, but its
effect depended on both P(O) and the participant’s goal.
In the generative scenario with high P(O), P(A) showed a
positive relationship with the judgments (i.e., the more
often the participant performed the action, the stronger
the generative illusion, as found in many previous reports).
In the completely opposite situation, with an undesired, to-
be-prevented outcome occurring with low P(O), the rela-
tionship between P(A) and judgments was negative (i.e.,
the more frequent the action, the stronger the preventive
illusion). Thus, high values of P(A) always facilitated the
illusion in these two groups, but the sign of the illusion
depended on the participant’s goal. By contrast, P(A) did
not significantly predict the judgments in the remaining
two conditions (i.e., desired outcomes occurring seldom,
and undesired outcomes occurring frequently), suggesting
that the P(A) effect is subject to the high P(O) level, as
recent evidence has pointed out (Blanco, Matute, &
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Figure 3. Mean absolute values for the judgments of
control in the four experimental groups. Illusions of
control (i.e., departures from zero) appeared prominently
in the Produce-High and the Prevent-Low groups.
In addition, note that, as Table 1 indicates, the illusion
was positive in the Produce-High group and negative in
the Prevent-Low group. Whiskers depict 95% confidence
intervals for the means.
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Vadillo, 2013, Experiment 1; the present report extends this
finding to the preventive scenario and to an instrumental
learning paradigm).

Overall, we found that the Produce-High and Prevent-
Low groups, on the one hand, and the Produce-Low and
Prevent-High groups, on the other hand, exhibited similar
patterns of results. In other words, we had two grand types
of situation in this experiment: First, we had two groups in
which participants were frequently rewarded, and then
another two groups in which they failed to obtain the goal
they were pursuing. This may be taken as evidence that the
absence of undesired outcomes can be safely treated as
equivalent to the occurrence of desired outcomes. At least,
both events yield the same illusion (in terms of magnitude,

not sign) concerning the manipulations and dependent
variables used in this study. It is interesting that this hap-
pened in an experimental setting involving buttons and light
bulbs, in which people would be, presumably, more famil-
iar with the generative scenario. Indeed, in everyday life,
most causal relations between buttons and light bulbs are
generative. This suggests that participants’ judgments were
guided by the experimental instructions and contingencies
experienced during the task, and not solely by their previ-
ous interactions with similar situations.

We admit that the conclusions given above must be
interpreted in the appropriate context: As the histograms
indicate (Figure 2), many participants realized that the
contingency they were being exposed to was null, and
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Figure 4. Scatter plots depicting the participants’ judgments (vertical axes) as a function of their P(A) (horizontal axes),
by group. Simple regression lines are fitted to the data points. Only the slopes in groups Produce-High and Prevent-Low
were found significantly different from zero: positive in the former case, and negative in the latter one (see main text).
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consequently gave a judgment of zero, while others showed
judgments indicative of an illusion of control (either gener-
ative or preventive). That is, there was some degree of in-
ter-individual variability. This is not an uncommon finding
in experiments where judgments of control are collected in
null contingency settings: In fact, this variability allowed us
to detect the effect of P(A) on judgments in one-group

designs (e.g., Blanco et al., 2011). Notably, in the current
experiment, the amount of participants who gave a judg-
ment of zero was fairly similar in all groups (as mentioned
in the Results section). Thus, the significant differences be-
tween groups in the judgments were more likely due to the
participants who showed a degree of illusion in either direc-
tion (generative or preventive).

As we argued elsewhere (Matute, Vadillo, Blanco, &
Musca, 2007), associative theories are good candidates to
model illusions of control and related phenomena. Accord-
ing to the influential Rescorla-Wagner model (Rescorla &
Wagner, 1972), an individual’s judgment of control would
be given by the strength of the association between the rep-
resentation of the action and the representation of the out-
come, VA. This associative strength is updated every time
the action is performed according to the following equation:

�VA ¼ aAb k� VTOTALð Þ ð1Þ

In Equation 1, DVA is the change in the associative
strength of the action in the current trial; k represents the
asymptote of learning possible with the outcome; VTOTAL

is the sum of the associative strength of the action, VA,
and the associative strength of a constant background stim-
ulus, the context, VCtx. Then, the difference (k � VTOTAL)
represents the surprisingness of the outcome: Once an
organism has learnt to predict the outcome from other stim-
uli, including their own actions, the outcome occurrence
will not be surprising and little additional learning will
occur. Additionally, there are two learning rate parameters,
a and b, which represent the saliences of the events. When
the associative strength of the action is being updated, aA is
used. When the associative strength of the context is being
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Figure 5. Mean probability of the action, P(A), in the
four experimental groups (computed for the whole
training phase). Whiskers depict 95% confidence inter-
vals for the means.

Produce-High Produce-Low

Outcome ¬Outcome Outcome ¬Outcome

Action 23.86 (7.60) 7.57 (4.46) Action 6.84 (3.25) 22.47 (4.92)

¬Action 13.29 (5.92) 5.29 (5.45) ¬Action 4.73 (4.17) 15.94 (3.66)

ΔP = 0.017
(0.15) 

ΔP = 0.019
(0.097) 

Prevent-High Prevent-Low

Outcome ¬Outcome Outcome ¬Outcome

Action 21.68 (4.85) 6.63 (4.14) Action 15.34 (9.69) 14.63 (9.69)

¬Action 16.74 (4.32) 4.95 (3.64) ¬Action 10.25 (6.86) 9.68 (6.99)

ΔP = -0.01
(0.101)  

ΔP = -0.005
(0.129)  

Figure 6. Actual contingency matrixes averaged for each group. The numbers inside each cell correspond to the mean
number of occurrences of each type of trial and the mean actual contingency as computed by the DP index. Standard
deviations are provided between brackets.
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updated, an analogous parameter aCtx is used. Finally, bO is
the salience of the outcome in those trials in which the out-
come occurs, while b�O represents the salience of the
outcome absence in those trials in which the outcome is
absent.

We used the original Rescorla-Wagner model to simu-
late our data with the trial sequences produced by each par-
ticipant. The parameter values were taken from a previous
publication in which the effects of P(O) and P(A) on control
estimations were successfully reproduced (Matute et al.,
2007): aA = 0.6, aCtx = 0.2, bO = 0.5, and b�O = 0.5.
It is a usual assumption that the salience of the action (or
the target stimulus) is greater than that of the context, hence
aA > aCtx. To conduct the simulation, we assumed that k
equals 1 whenever the desired event occurs (i.e., the light
coming on in the Produce condition, and the light staying
off in the Prevent condition), and it equals 0 otherwise.
Figure 7 depicts the results of the simulation with the
Rescorla-Wagner model. Not surprisingly, the ordinal pat-
tern of results at the end of the simulation is almost identi-
cal to the one we obtained with the judgments of control at
the end of our experiment (see Figure 3). It must be noted,
however, that the choice of another set of parameters could
lead to different predictions.

It is interesting to mention at least yet another model,
namely Cheng’s (1997) power PC theory. Contrary to DP,

power PC is formulated as an index to assess causality
rather than covariation. To this end, it isolates the causal
strength of the action from any other potential cause oper-
ating in the background, which implies taking into account
the base rate of the outcome occurrence. One of the features
of the power PC model is that the causal polarity (genera-
tive and preventive) plays an important role, as the integra-
tion rule embedded in the index is different for generative
and for preventive causes. It has been a matter of debate
how participants would choose the appropriate rule before
any information has been collected (Lober & Shanks,
2000). In our experiment, the expected polarity was made
clear to the participant via instructions. Thus, the appropri-
ate rule (for generative or for preventive causes) could be
chosen from the beginning. Because of this, our experiment
offers an opportunity to examine the predictions made by
Cheng’s model in generative and preventive noncontingent
settings.

We computed the power PC index for each of our par-
ticipants,2 and then they were averaged for each group
(Table 2). In principle, power PC predicts no deviations
from zero in null contingency settings (like in our experi-
ment). However, since participants were free to choose
when to act, their actual contingencies departed slightly
from zero (see Figure 6), hence we found some small var-
iability in the power PC indexes of our sample. On the other
hand, this variability was not attributable to the two be-
tween-group manipulations, P(O) and Goal (the 2 · 2
ANOVA on the power PC actual indexes yielded all
Fs < 1). Moreover, the pattern of predictions by the power
PC model in Table 2 did not mirror the findings of the
experiment: First, these predictions did not differ signifi-
cantly from zero in any group (minimum p = .28). Second,
the order of the groups according to their mean power PC
predictions was Produce-High < Prevent-High < Produce-
Low < Prevent-Low, which does not coincide with the or-
der found in the participants’ judgments. Finally, there were
no significant differences between groups in the power PC
predictions (minimum p = .15). Other research (Lober &

0 5 10 15 20 25 30 35 40 45 50
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Trials

V
 (A

ss
oc

ia
tiv

e 
st

re
ng

th
 o

f t
he

 A
ct

io
n)

Produce: aA= 0.6; aCtx= 0.2; bO= 0.5; bCtx= 0.5   

Prevent: aA= 0.6; aCtx= 0.2; bO= 0.5; bCtx= 0.5   

Produce-High
Produce-Low
Prevent-High
Prevent-Low

Figure 7. Simulations of the four experimental groups
using the Rescorla-Wagner model (Rescorla & Wagner,
1972). One simulation was run for each of our partici-
pants, using the same trial sequences that they generated,
and then they were averaged per group and trial to
produce the lines in this figure. The parameter values
were taken from a previous study (as detailed in the top-
left corner). Note that the asymptotic pattern observed
here at the end of the training resembles the results of the
experiment as presented in Figure 3.

Table 2. Descriptive statistics of the power PC index
computed for each participant, and then aggre-
gated by group. The generative-cause version
of the power PC index was used in the Produce
condition, and the preventive-cause version was
used in the Prevent condition. LL and UL are
the lower and upper limits of the 95% confi-
dence intervals for the mean

Group Mean LL UL SD

Produce-High �0.328 �0.903 0.248 1.313
Produce-Low 0.012 �0.044 0.067 0.123
Prevent-High �0.006 �0.074 0.062 0.151
Prevent-Low 0.028 �0.267 0.324 0.640

2 Data from one participant in the Produce-High group were discarded from this analysis because it yielded an invalid value (i.e., the
denominator was 0).
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Shanks, 2000) has also found problems when using power
PC to model actual effects of P(A) and P(O) effects.

Although one must bear in mind this lack of significant
differences between groups, we can observe that the mean
predictions made by power PC in our experiment were neg-
ative for the groups in which P(O) was high, and positive
for the groups in which P(O) was low. Additionally, the
Preventive condition produced slightly higher power PC
predictions than the Produce condition. The ordinal pattern
did not coincide with that yielded by DP (Figure 6) either,
because the computation of power PC corrects for the base
rate of the outcome.

We found a wide range in the power PC values com-
puted for each participant in our sample (from �5.00 to
2.66). In active procedures like this, the actual conditional
probabilities of the outcome, P(O|A) and P(O|�A), can vary
due to chance and to the participants’ decisions to act or not
on each trial (Hannah et al., 2007). Note that in our exper-
iment we used rather extreme values of P(O) (i.e., .80 and
.20), which led some participants to be exposed to very
high or very low values of the outcome base rate,
P(O|�A), even when their P(A) level was medium. When
computing DP, these extreme values of P(O|�A) were usu-
ally compensated by the similar values of P(O|A), leading
to actual DP values that were close to the programmed va-
lue, zero, as we have showed. However, the extreme values
of the outcome base rate P(O|�A) strongly affect the result
of the computation of power PC. Just as an example: If the
outcome base rate is very high in the noncontingent, gener-
ative scenario, then DP would be close to zero, whereas the
absolute value of power PC would increase without limit.
All this suggests that people do not use the type of norma-
tive causal induction that power PC describes, at least when
judging their control over outcomes that are actually
uncontrollable.

The current design might be used to model certain
everyday situations. For instance, a football player who
wears a lucky charm to bring about good luck and turns
out to win most of the games could belong to the
Produce-High group (see Figure 4, top-left panel). In this
case, performing the superstitious behavior very often
(e.g., wearing the amulet in every game) reinforces the illu-
sion. Previous research points in this direction too (Blanco
et al., 2011; Matute, 1996). On the other pole, we have
OCD patients, engaging in eccentric behaviors to prevent
terrible events that in fact never occur. Their situation is
mirrored by the Prevent-Low group (see Figure 4, bottom-
right panel). As we have shown in our experiment, if
the behavior intended to prevent infrequent undesired
outcomes takes place very often, then the preventive
illusion appears, and it is seemingly as strong in magni-
tude as its generative counterpart. Thus, it is not surpris-
ing that many patients show a solid conviction in that
their repetitive behavior is actually preventing some
event that never took place. A promising, and testable,
prediction derived from our research is that, just as
reducing P(A) in the generative scenario attenuates the
illusion, preventive illusions should similarly vanish as
P(A) is reduced. Thus, OCD patients’ problematic be-
liefs could also be diminished if they were able first

to reduce the frequency of their avoidance behaviors
(as shown in Figure 4, bottom-right panel).

To sum up, we provide an exploration of how the illu-
sion of control appears in a situation that has not been typ-
ically studied in the literature: Preventive (as opposite to
generative) scenarios in which the outcome of interest
should be prevented, rather than produced. We found that
the illusion appeared in the preventive scenario, but only
when the probability of the to-be-prevented outcome was
low, which is the opposite of the usual finding in the gen-
erative scenario. Another factor that affects the illusion of
control, the probability of the action, increased the illusion
only in the groups where the situation was highly rewarding
(either with frequent desired outcomes, or with infrequent
undesired outcomes), although the signs of the illusions
were reversed, as we expected (positive judgments in the
former case, negative ones in the latter case). This suggests
that, to some extent, the mistaken belief that one can pre-
vent an uncontrollable outcome and the belief that one
can produce it represent in fact similar illusions, but of
opposite sign.
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Appendix

Full Instructions of the Experiment

These are the instructions for the Produce condition.
Between square brackets we indicate the words that chan-
ged in the Prevent condition.

‘‘At the beginning of this experiment, a light bulb will
be presented on the screen. Your task is to learn how to
keep this light ON [OFF] because your final score will
depend on how many times the light was lit.

From time to time, a button will appear. This button
indicates the start of a new trial, the occasion to do
something.

While the button is on the screen, you will have the
option of either making a button press response or not mak-
ing a button press response. A button press response con-
sists of pressing the spacebar on the computer keyboard
ONCE AND ONLY ONCE immediately after the button
appears. Not making a button press consists, of course, of
doing nothing while the button is on the screen.

From the moment when the button appears, you will
have 2 s to decide whether you want to press the button
or not, before it disappears again. If you press the spacebar
after the button has gone, the trial will count as a not press
trial.

So, in this experiment there are only two possibilities as
to what you can do on each of the trials:
a) Press the button (by pressing the spacebar) within 2 s,
b) Just sit back and observe what happens.

Immediately after the button has disappeared, you will
see whether the light switches on or not.

If the light SWITCHES ON, you will EARN [LOSE] 1
point. Otherwise if the light REMAINS OFF, you will

LOSE [EARN] 1 point. Take this into account, because it
is your goal to earn as many points as you can.

If the light switches on, it will stay on for 2 s before
switching off by itself, thus allowing further tests. Besides,
the same button will re-appear after a while when you can
press it again. This means that, during the experiment, there
will be many opportunities to press the button and see what
happens.

You may find that the light will come on, on some per-
centage of the trials on which you do make a button press
response. You may also find that the light will come on, on
some percentage of the trials when you do not make a but-
ton press response. Alternatively, you may find that the
light will not come on, on some percentage of the trials
on which you do make a button press response. And, you
may find that the light will not come on, on some percent-
age of the trials when you do not make a button press
response.

So, there are four possibilities as to what may happen on
any given trial:
1) you press and the light does come on;
2) you press and the light does not come on;
3) you don’t press and the light does come on;
4) you don’t press and the light does not come on.

Since it is your job to earn points by learning how to
TURN ON the light [KEEP the light OFF], it is to your
advantage to press on some trials and not on others, so
you know what happens when you don’t press as well as
when you do press. That is, try to avoid pressing the button
EVERY TIME it appears, and avoid also NOT pressing it
AT ALL.

Remember, you must try to earn as many points as you
can by keeping the bulb ON [OFF] as long as possible with
your actions and omissions.

Good luck!’’
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