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ABSTRACT ARTICLE HISTORY

The illusion of control is an important feature of both problematic Received 7 December 2021
and nonproblematic gambling behavior. Crucially, this construct is Accepted 3 October 2022
incorporated in most cognitive models of problem gambling, and is KEYWORDS

also central in numerous approaches to gambling disorder treatment Control beliefs: illusion of
(e.g. psychological interventions using cognitive restructuring to control; gambling;
mitigate the illusion of control). In this preregistered study, we replication; online

tried to replicate the illusion-of-control effect, as defined and inves- experiments

tigated in the seminal work by Langer and Roth, in an online context.

Using the same trial procedure and a similar cover story as the

original study, we presented three groups of healthy participants

(N =289; crowdsourced sample) with three different sequences of

wins and losses in a coin-tossing task. Consistent with the original

study, we found that participants presented with more wins at the

beginning of a sequence estimated their ability to predict the out-

come of a coin-toss higher than participants presented with more

losses at the beginning, or those presented with a random sequence,

although the effect sizes were small to medium (biggest Hedge's

g_av=0.49) compared to the original study which yielded larger

effect sizes (biggest np® = 0.14). Thus, we replicated the findings in

an online context, although the effect size was smaller than

expected.

1. Introduction

In the gambling literature, the illusion of control is an important construct, and refers to
the “expectancy of personal success probability inappropriately higher than the objective
probability would warrant” (Langer, 1975, p. 311). It can be influenced by various factors
or task characteristics, such as giving participants control over parts of the task, inserting
skill parameters, or different sequences of wins and losses (for more details on the
illusion of control” in gambling, see Langer, 1975; Stefan & David, 2013). Illusion of
control has downstream influences on different aspects of gambling behavior, and has
been associated with the development of problematic gambling (Clark & Wohl, 2022).
Crucially, the construct of illusion of control, in one form or another, is incorporated in
most cognitive models of problem gambling (Blaszczynski & Nower, 2002; Sharpe, 2002),
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and is also central in numerous approaches to gambling disorder treatment (e.g. psy-
chological interventions using cognitive restructuring to mitigate the illusion of control).

One of the most cited studies in the illusion of control literature is the study by Langer
and Roth (1975), in which participants had to guess the outcome of 30 coin-tosses.
Unknown to the participants, the outcome of the game was predetermined, with an
overall probability of winning of exactly 50%. Importantly though, the sequence of wins
and losses was manipulated, resulting in three groups: for the ’descending’ group, most of
the wins occurred at the beginning of the sequence (so most losses occurred toward the
end); for the ’ascending’ group, most of the losses occurred at the beginning (so most wins
occurred toward the end); and for the ‘random’ group, wins and losses were equally
distributed throughout the sequence. After 30 tosses, participants were asked five ques-
tions about their ability to guess the outcome of the coin-toss. Langer and Roth (1975)
found that the descending group (i.e. more wins at the beginning) estimated their ability
to guess the outcome of the coin-toss higher than the ascending group (i.e. more losses at
the beginning) and the random group.

There have been only few (more or less successful) replication attempts of this seminal
study though (e.g. Coventry & Norman, 1998; Frank & Smith, 1989; Ladouceur &
Mayrand, 1984). Although a meta-analysis reported a big effect size (average weighted
D =.89), it was only based on 4 studies with a total sample size of 312 participants (Stefan
& David, 2013). Moreover, the confidence interval around the effect size in this meta-
analysis was quite wide, which suggests there is still much uncertainty about the size of the
effect (considering also that the original study only found a medium effect size across the
questions). Therefore, we tried to replicate the original study in an online context. Online
testing allows to test bigger and (often) more diverse samples than university students (for
further information see https://www.prolific.co; Palan & Schitter, 2018), which supports
the robustness and generalizability of findings. Note that replications can either be direct
(‘close’) or conceptual. In direct replications researchers follow the method of the original
study as closely as possible when it comes to participants, materials, and procedure. This is
usually highly challenging to achieve (especially for older studies, like the one by Langer
and Roth, as e.g., the population - from which participants are recruited — might have
changed in meaningful ways). Conceptual replications, which examine the same hypoth-
esis or research question with (slightly) different participants or methodologies than the
original study, are thus more common. Deviations from the original study can therefore be
related to e.g. a different cultural context or a different participant recruitment procedure
(for a further discussion see Wohl et al., 2019). Therefore, in this study, we aimed to
conceptually replicate the original study of Langer and Roth (1975) in an online context.

2. Method

All raw and processed data, code, materials and the preregistration can be found on
https://osf.io/uké6t3 and https://osf.io/qm2a8. We also report (here and in our preregis-
tration) how we determined our sample size, all data exclusions (if any), all manipula-
tions, and all measures in the study.


https://www.prolific.co
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2.1. Sample size

To test if we could induce an illusion of control, we focused on the comparisons between
the ascending and descending group for the five illusion of control questions (see below).
A meta-analysis (Stefan & David, 2013) showed that sequences of outcomes have an
average effect size of Cohen’s D = .89 weighted across samples (therefore written in the
capital letter D). Based on this effect size, we would need 32 participants per group
(calculated with G*Power, Faul et al., 2007; two-tailed ¢-test with alpha =.01 and power
=.80; the alpha level was adjusted for multiple comparisons, as we planned to compare
five questions). Note that Langer and Roth (1975) did not find a difference between the
groups on the distraction and practice question (for full details on these questions, see
Procedure section). However, from a theoretical standpoint, a difference might be
expected. Therefore, we assumed to find differences on all five questions with a highly
powered sample.

We set a minimum sample size of 32 participants per group and a maximum sample
size of 96 participants per group (which was triple the sample size indicated by the power
analysis). To determine the exact sample size, after recruiting 32 participants per group,
we used sequential Bayesian hypothesis testing (see Analysis section for further details)
by adding 48 extra participants (16 per group) until either a decisive Bayes Factor (BF;g
larger than 10 or smaller than 1/10) was obtained (Schonbrodt et al., 2017), or we reached
the maximum number of 288 participants (96 per group). As will be shown below, the
eventual Bayes Factors for the five individual contrasts (ascending vs. descending) were
not decisive, so we reached the maximum number of 288 participants (with one extra in
the random condition).

2.2. Participants

In total 289 participants completed the entire online experiment and were included in the
analyses (96 in the descending group, 96 in the ascending group, and 97 in the random
group due to a mistake in the testing procedure. Across groups, there were 130 females,
157 males and 2 indicated non-binary; age M = 26.7 years, SD = 8.6 years; range = 18-67;
see the Table A1 in the Appendix for age and gender information per group).

Participants were recruited via the crowd-sourcing platform Prolific where every
eligible participant is notified as soon as a study is published online. The researcher
can indicate the number of participants per study and participants can then sign up
for it (as long as the requested number of participants has not been reached). Once
signed up, participants have a certain amount of time to finish the study (56 minutes if
the experiment is 15 minutes long) before they get timed-out (and free up a place
again).

Only participants who spoke English and never participated in an experiment by the
first author were allowed to participate. We did not have any exclusion criteria regarding
gambling involvement as we wanted to keep the sample as general as possible (in
comparison to the original study, which only tested undergraduate students).
Participants gave their consent before starting the experiment and were randomly
assigned to one of the three groups. The experiment took about 15 minutes complete,
and participants were rewarded with £ 1.50 plus the £ 1 bonus they earned (£ 2.50 in
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total). The study was approved by the local research ethics committee of the faculty of
Psychology and Educational Sciences at Ghent University.

In addition to the 289 participants who completed the experiment, an additional 7
participants finished the experiment and got paid but were excluded from data analyses
in accordance with our preregistered exclusion criteria: three were replaced because they
started the experiment again, possibly because they missed the completion code for
Prolific or thought they could do better to win more money; two did not have data for
the past and/or the future question (see Section 2.4. below); one had more than 5%
missing trials; and one provided a completion code but no data were stored. One extra
participant was rejected and therefore not paid (in accordance with the Prolific guide-
lines) as they never provided a completion code nor any data set. An additional 32
participants signed up for the experiment but never started or completed it. From our
experience, this seems to be a common practice on Prolific to ‘reserve’ a spot in well-paid
experiments.

In the OSF repository, we included a more detailed explanation of the Bayesian
sampling and the replacement procedures. All data were acquired between
23 February 2021 and 1 March 2021 (except for one of the replaced participants, who
was tested in April 2021).

2.3. Apparatus and stimuli

The experiment was programmed in jsPsych (version 6.0.5) and only ran on desktop
computers and laptops in Chrome (de Leeuw, 2015). Langer and Roth (1975) told their
participants that the study was about how subtle social cues could influence performance
on certain tasks. To mimic this in an online setting, we created an avatar video using
“crazytalk’ software (Reallusion Inc., n.d.). The video was of a woman asking "Heads or
tails?’. The coin-toss always started with an image of a quarter dollar coin from 1998
showing heads. The coin then did a flip of 6 x 360 degrees (6 circles) to land on heads
again or a flip of 6.5 x 360 degrees (6.5 circles) to land on tails. In addition to this visual
input, we added a coin-toss sound. The coin-tossing animation lasted 500 ms.

2.4. Procedure

We used the original procedure by Langer and Roth (1975) but adapted it to an online
experimental setting. The general procedure included welcoming the participant, asking
for consent, and requesting information about age, gender (with the options 'male’,
“female’, 'non-binary’ and T don’t want to say’), nationality, and whether the participants
gamble on a regular basis. We then explained the experimental procedure. As a cover
story, participants were told that we were investigating subtle social cues in avatars.
After participants had read the instructions, the coin-tossing task started. The task
consisted of 30 trials. On each trial, we presented a video in which the avatar asked the
participants "Heads or tails?’. This video lasted about 1500 ms. Then participants could
guess the outcome (without any time restrictions) by pressing the left (heads) or the right
arrow key (tails). After indicating their guess, participants saw a coin for 500 ms. Then an
animation of a coin-toss was displayed for 500 ms. After that, the outcome in points was
shown below the coin for 1000 milliseconds (*+25” for a win, and”-25” for a loss). The
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points were converted into real money at the end of the experiment. For every 100 points,
participants would get 1£ extra and they started with a balance of 100 points.
Importantly, wins and losses were equiprobable, but their sequence was predetermined
according to the group participants were randomly assigned to. Therefore, the final
balance for every participant was 100 points (so they received 1£ extra). The sequences
of wins and losses were the same as in Langer and Roth (1975):

e WWWWLWWWLLLWWWLLWLLWWLLLWLLLLW in the descending
condition;

e WLLLLWLLLWWLLWLLWWWLLLWWWLWWWW in the ascending
condition;

e WLWLLWLWLWWLLWLLWLWWWLWLWLLWLW in the random condition.

If a trial was predetermined to be a win, participant would "guess’ correctly regardless of
whether they guessed ’heads’ or ’tails’. The exact trial procedure is depicted in Figure 1.

After 30 trials of coin-tossing, participants answered the same five questions about the
task as in Langer and Roth (1975) by using visual slider (Questions 1-3; note the original
study used 11-point Likert scales) or text input (Question 4-5). These questions were
used to determine the illusion of control:

¢ (a)’How good do you think you are at predicting outcomes like these?” (item
"Prediction’; 100-point slider, 0 = Very bad, 100 = Very good)

¢ (b)”How well do you think you would do on the task if you were distracted?” (item
‘Distraction’; 100-point slider, 0 = Very bad, 100 = Very well)

¢ (c)”How much do you think you would improve with practice?” (item "Practice’;
100-point slider, 0 = Not at all, 100 = Very much)

¢ (d)”How many correct predictions did you make on these 30 trials?” (item "Past’;
text input)

¢ (e)”How many correct predictions would you make in the next 100 trials?” (item
future’; text input)

After this, they filled out the English short version of UPPS-P impulsive behavior
questionnaire (Cyders et al., 2014). This questionnaire was included as part of a bigger

& IE R
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Figure 1. Trial procedure.
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individual differences study and the data were not analyzed here. Participants also filled
in the predictive control scale of the Gambling Related Cognition Scale (GRCS, Raylu &
Oei, 2004) to explore whether the GRCS data correlate with the self-reported feeling of
control (as assessed by our five questions). This exploratory comparison would allow us
to see whether people who generally feel more in control of events also felt more in
control in our coin-tossing task. The results can be found on OSF (https://osf.io/vkxpq).
After the experiment we debriefed the participants by explaining the original purpose of
the experiment.

2.5. Analyses

We conducted all analyses in line with the original study and our preregistered data
analytic plan. All data processing and most analyses were completed with R (version
4.0.2, R Core Team, 2018) using the packages reshape (version 0.8.8; Wickham, 2007a),
reshape2 (version 1.4.4; Wickham, 2007b), ez (version 4.4-0; Lawrence, 2016), Hmisc
(version 4.4-2; Harrell, 2020), Rmisc (version 1.5; Hope, 2013), doBy (version 4.6.8;
Hojsgaard & Halekoh, 2020), and tidyverse (version 1.3.0; Wickham et al., 2019). The
Bayesian analyses were conducted with JASP (version 0.13.1.0, JASP Team, 2022).

Our main interest was the comparison between the descending group and the ascend-
ing group. Therefore, we directly compared the five illusion of control questions between
these two groups with two-tailed independent t-tests (Bayesian and frequentist). For
completeness, we also report the remaining comparisons between the three groups and
the one-way ANOV As (frequentist and Bayesian), as in the original study, for each of the
five illusion of control questions, with group (descending vs. ascending vs. random) as
a between-subjects factor.

We report both p-values and Bayes factors for statistical inferences. Significance was
determined at an alpha level .01, to correct for multiple tests (as we tested five compar-
isons between the ascending and the descending group). For the pairwise comparisons,
Hedge’s g,, is the reported effect size measure (Lakens, 2013). For Bayesian analyses, we
report the Bayes Factor BF),, which quantifies the evidence for the alternative hypothesis
against the null hypothesis. We used the default priors in JASP.

For Bayesian t-tests the default prior width is 0.707 and for the Bayesian ANOVA the
default prior width is .5. We tested the robustness of the Bayes Factors by varying the
priors in JASP, which can be found on OSF (https://osf.io/qm2a8/ in the folder Part I/
code/analyses/JASP).

3. Results

The descriptive statistics are displayed in Figure 2. The outcomes of the one-way
ANOVAs and all the t-tests appear in Tables 1 and 2 respectively. Here we focus
only on the theoretically most interesting comparisons, namely the difference between
the ascending and descending groups. These comparisons revealed some numerical
trends: compared with the ascending group, participants in the descending group gave
higher ratings for (a) their ability to guess the outcome of a coin-toss with distraction,
(b) their performance in the past 30 trials, and (c) their future performance in this task.
For these three questions, the Bayesian analyses provided moderate (BF,, > 3) support
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Figure 2. The estimated ability to guess the outcome of a coin-toss displayed by item and group. A =
Ascending; D = Descending; R = Random. The error bars reflect the 95% confidence intervals.

Table 1. Inferential statistics of group comparison on the score of each of the five questions.

Question DFn DFd MSE F p ges BFio
Prediction 2 286 403.81 2.58 .077 0.02 0.38
Distraction 2 286 493.36 6.11 .002 0.04 9.08
Practice 2 286 923.06 0.02 .980 0.00 0.04
Past 2 286 13.07 4.50 011 0.03 2.16
Future 2 286 213.60 4.03 .018 0.03 1.42

DFn = degrees of freedom in the numerator; DFd = degrees of freedom in the denominator; MSE = mean squared error;
ges = Generalized Eta-Squared measure of effect size.

Table 2. Pairwise comparison between the three groups on every item of the questionnaire and on the
sum score.

diff Lower Cl Upper CI df t p BFo gav
Prediction
ascending vs. descending —6.01 -11.80 -22 188.85 —-2.05 .042 1.10 .29
ascending vs. random —.68 —6.47 5.11 189.69 -23 817 .16 .03
descending vs. random 533 -23 10.89 191 1.89 .060 .82 27
Distraction
ascending vs. descending —-8.08 -14.27 -1.90 189.55 —-2.58 011 337 37
ascending vs. random 2.65 —3.64 8.95 189.87 .83 407 22 12
descending vs. random 10.74 4.29 17.18 190.85 3.29 .001 22.08 47
Practice
ascending vs. descending .26 —-8.40 8.92 189.90 .06 953 .16 .01
ascending vs. random .84 -7.83 9.51 190.87 .19 .849 .16 .03
descending vs. random .58 -7.99 9.15 191 a3 .894 .16 .02
Past
ascending vs. descending —-1.48 —2.54 -41 181.03 -2.74 .007 5.01 39
ascending vs. random -.30 -1.24 .65 190.99 —.62 534 19 .09
descending vs. random 1.18 1 2.25 182.48 2.18 .031 1.42 31
Future
ascending vs. descending —5.67 -10.02 —-1.31 190 -2.57 .011 3.29 37
ascending vs. random -1.16 -5.22 2.90 186.22 —-.56 574 .18 .08
descending vs. random 4.51 46 8.56 186.44 2.19 .029 147 32
Sum score
ascending vs descending —20.98 -35.72 —6.24 177.61 -2.81 .006 5.96 40
ascending vs random 1.36 -13.64 16.35 181.76 0.18 0.86 159 .03
random vs descending -2234 —35.28 -9.40 190.68 -3.40 .001 31.50 49

diff = difference; Cl = confidence interval (95%); BF,, = Bayes Factor 10; g,, = Hedge's average g.

for the alternative hypothesis (see Table 1 in Wagenmakers et al., 2018, for further
information on the cutoff values). However, none of the five comparisons between the
ascending and the descending group reached our pre-determined threshold for the
Bayes Factor (BFj, > 10 or BF;q < 1/10) and only one comparison (the past
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performance question) was statistically significant (after correction for multiple
comparisons).

As none of the illusion of control questions alone seems to exactly capture the illusion
of control, we decided (post-hoc) to also calculate a sum score of all five items and
compare this sum score between the groups. As shown in Table 2, the comparison
between the ascending and the descending group with this sum score yielded moderate
evidence for the alternative hypothesis (and the frequentist ¢-test was significant, even
after correction for the extra test), tentatively indicating that the descending group
estimated their task proficiency differently than the ascending group and the random

group.

4. Discussion

In this online replication of Langer and Roth (1975), we were able to create an illusion of
control as defined in their seminal work. Specifically, for the same three out of five
questions which were significant in the original study, we found moderate evidence (BF
> 3) for a difference between the ascending and descending groups in the expected
direction. Furthermore, the (post-hoc) sum score of all illusion-of-control items revealed
a medium-sized difference (g,, between .40 and .50) between the descending group and
the two other groups (BFs >5). Thus, we could replicate the original study, although the
observed effect sizes (biggest g,, = 0.49, which reflects a small to medium effect) were
smaller than the ones reported in a meta-analysis (averaged D =0.89, which reflects
a large effect size; Stefan & David, 2013) and in the original study (biggest np” = 0.14,
which also reflects a large effect size; Langer & Roth, 1975). Nevertheless, it is important
to emphasize that our study generally replicates the findings from a seminal and
frequently cited illusion of control study. Our study also shows that the illusion of
control effect, as defined and operationalized by Langer and Roth (1975), is relatively
robust with regard to small changes in the procedure, showing that outcome sequences
can indeed create different estimations of the perceived ability to guess the outcome of
a coin-toss. As mentioned in the introduction, the illusion of control construct is viewed
as an important factor in gambling behavior and in the development of problematic
gambling behavior from a cognitive perspective (Clark & Wohl, 2022). Therefore, it is
important that these seminal studies on illusion of control are tested at a large scale, to
establish their robustness and replicability (Heirene, 2021; LaPlante, 2019).

Although the results of our study were promising, some cautionary notes are war-
ranted. First, we predicted and preregistered differences between the descending and
ascending groups for all five questions. We did not observe this pattern, and none of the
comparisons reached the crucial Bayes factor (i.e. BF > 10). We reasoned after collecting
and analyzing the data that the sum score of all five questions might better capture the
overall illusion of control. However, this analysis was not planned and also did not reveal
a BF higher than our crucial BF of 10. These inconclusive results in the Bayesian analyses
can be connected to the fact that we assumed a medium effect size in our prior whereas
the real effect seems to be smaller, which in turn might be because we were testing online.
Compared to the original study, we had some procedural changes. In the original study,
the experimenter flipped a coin in front of the participants, and participants had to call
out the results while the coin was still in the air. Participants might have believed that
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they could predict the outcome based on some peripheral cues. In our online imple-
mentation, participants may be more likely to hold the belief that the outcome is
randomly determined by the program, hence our manipulation overall has a smaller
influence.

Additionally, it cannot be excluded that our results (and those of Langer & Roth in the
original study) might reflect a primacy effect. However, if serial order would matter, we
should also have observed a recency effect (e.g. Healey & Kahana, 2014), which was not
the case (i.e. the ascending and random groups were similar). This might be related to the
novelty of the stimuli at the beginning (e.g. Farrell & Lewandowsky, 2002). Nevertheless,
it remains an empirical question what contributes to the effect observed by Langer and
Roth (1975) and if the illusion of control as defined and operationalized by the authors
actually reflects an overestimation of success probability.

In conclusion, we were able to conceptually replicate the finding that the outcome
sequence can influence the perceived task performance on guessing the outcome of
a coin-toss which was defined as an ’illusion of control’ by Langer and Roth (1975).
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Appendix

Table A1. Participant characteristics per group.

group N female  male  non-binary age sd regular gambler  no regular gambler
ascending 96 48 46 2 2775  9.34 21 75
descending 96 40 56 0 26.00 8.34 14 82

random 97 42 55 0 26.38 7.91 30 67
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