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Motivations underlying
self-infliction of pain
during thinking for pleasure

Andreas B. Eder*™, Franzisca Maas?, Alexander Schubmann®*, Anand Krishna® &
Thorsten M. Erle3

Previous research suggested that people prefer to administer unpleasant electric shocks to themselves
rather than being left alone with their thoughts because engagement in thinking is an unpleasant
activity. The present research examined this negative reinforcement hypothesis by giving participants
a choice of distracting themselves with the generation of electric shock causing no to intense pain.
Four experiments (N =254) replicated the result that a large proportion of participants opted to
administer painful shocks to themselves during the thinking period. However, they administered
strong electric shocks to themselves even when an innocuous response option generating no or a mild
shock was available. Furthermore, participants inflicted pain to themselves when they were assisted
in the generation of pleasant thoughts during the waiting period, with no difference between pleasant
versus unpleasant thought conditions. Overall, these results question that the primary motivation

for the self-administration of painful shocks is avoidance of thinking. Instead, it seems that the self-
infliction of pain was attractive for many participants, because they were curious about the shocks,
their intensities, and the effects they would have on them.

People seem to enjoy many leisure activities, but rarely the mere pursuit of pleasurable thoughts, as Wilson and
colleagues' concluded from several studies. When they asked participants to spend several minutes with noth-
ing to do but to think, they did not rate this experience as entertaining and preferred external activities such
as listening to music or tampering with one’s own smartphone. In one study, a large proportion even preferred
to administer an electric shock to themselves rather than to indulge in their thoughts® Based on these study
findings, Wilson and colleagues argued that intentional engagement in thinking is aversive for most people—
and hence avoided by seeking a distraction, even if this distraction is known to cause discomfort!’. Fox and
colleagues?, by contrast, argued in a critical review of Wilson et al’s research that the preference for one activity
(such as surfing the web) does not imply that the non-preferred activity (engaging in pleasant thinking) was
necessarily unpleasant. However, if engagement in pleasurable thoughts was entertaining and only less desirable
in comparison to a more attractive activity, one must explain why even the self-administration of an electric
shock was preferred over thinking. In fact, this experiment provided the strongest clue that voluntary engage-
ment in thinking could be aversive.

Choosing pain over thinking: the negative reinforcement hypothesis
In the shock study of Wilson and colleagues (3, Study 10), 55 undergraduates first rated the pleasantness of several
stimuli including a mild electric shock, indicating how much they would pay to (not) experience each stimulus
again if they had 5 USD at their disposal. As expected, the majority (76%) indicated that they would pay money
to not experience the shock again. Subsequently, they were asked to sit in the chair for 15 min and think about
whatever they wanted, with the goal of “entertaining yourself with your thoughts as best as you can” Participants
were also given the option to receive the electric shock again during this period, but that “Whether you do so is
completely up to you—it is your choice” Participants were then left alone, and a computer recorded how many
times (if any) they opted to shock themselves.

Analysis showed that 25 participants (45%) opted to shock themselves, with a larger proportion of males (71%)
compared to females (26%). The majority shocked themselves 1-2 times, but two outliers even administered 119
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and 190 shocks to themselves. Results were robust even when only participants who indicated willingness to
pay to avoid future shocks (n=42) and who rated the shock as unpleasant (1 =27) were analyzed. Furthermore,
there were no significant differences in ratings of enjoyment and boredom between the groups that administered
(no) shocks to themselves. One could suspect that participants administered shocks to themselves because they
intended to distract themselves from predominantly worrisome and troubling thoughts. However, when the
authors analyzed the contents of the generated thoughts during the waiting period, they found no evidence for
a prevalence of negative thoughts.

Wilson and colleagues instead explained the self-administration of shocks during the thinking period with
the high difficulty of engaging in entertaining thoughts on demand, from which participants could withdraw by
administering shocks to themselves. According to their negative reinforcement explanation, self-administration
of mild electric shocks was less unpleasant than overcoming the difficulties to engage in thinking, which rein-
forced the self-infliction of pain.

However, one can also come up with other reasons for why many participants opted to shock themselves. For
example, it could be argued that participants were bored by the thinking task, which caused them to seek the thrill
of an exciting electric shock™>®. People could also seek excitement in the absence of boredom, which is known as
sensation-seeking behavior’. Sensation seeking could hence explain the self-administration of shocks without
making the assumption that thinking was aversive. Furthermore, participants could have shocked themselves
out of curiosity, for example, being curious whether the shock would feel the same or about their tolerance for
pain. In fact, when Wilson and colleagues? asked participants in post-experimental interviews why they chose
to shock themselves, most expressed interest in the quality of the shock and/or its effects®.

Further evidence for a potential role of curiosity was provided in a study where participants could kill time
by clicking a prank electric-shock pen that was either certain to shock them, certain to not shock them, or
uncertain (i.e., could either shock them or not)®. Participants clicked pens with uncertain shock administration
most often, suggesting that they had a specific desire to resolve uncertainty. They also pressed the pens certain
to shock them, albeit at a much lower rate. However, it remains unclear whether curiosity can plausibly account
for the shock administrations in the thinking study of Wilson and colleagues, where shock administration fol-
lowing a keypress was certain and had been experienced before.

To summarize, one can hypothesize several motivations for the self-administration of painful electric shocks
during a thinking period. The objective of the present study was to subject the negative reinforcement hypothesis
to scrutiny. Following the procedure of Wilson and colleagues?, we asked participants to sit in a chair without
falling asleep and to enjoy their thoughts as best as they could for several minutes. Deviating from the original
study, however, we gave them several options for a shock administration during the thinking period. One but-
ton triggered a shock with the same (medium) intensity as the test shock known from a previous shock intensity
adjustment phase. Another button triggered the administration of a mild shock with a weaker intensity, while
a third button produced a strong shock that was more intense than the test shock. A fourth button produced
a random shock whose intensity varied randomly between strong and mild. Before the thinking period, the
contingencies between the keypresses and the shock intensities were thoroughly explained to the participants,
but instructions also highlighted that it was completely their choice whether they wanted to receive a shock.
Keypresses (shock administrations) were recorded during the thinking period, and after that period, participants
rated their enjoyment, excitement, and boredom (among other measures).

We reasoned that if self-administration of shocks is primarily motivated by escape from difficult thinking,
as claimed by Wilson and colleagues?, then participants should disproportionally prefer to administer the least
aversive (mild) shock to themselves. If thrill-seeking is a major drive, then they should disproportionally prefer
administration of strong shocks and/or shocks with randomly determined intensities. If people are particularly
curious about uncertain shocks®, then they should opt for shocks with random intensities.

Study 1

Method. Transparency and openness. 'We report how we determined our sample size, all data exclusions (if
any), all manipulations, and all measures in the study. Raw data underlying the main findings reported in this
paper are available at https://doi.org/10.7910/DVN/IQHACM.

Participants. Seventy participants (47 females, 23 males; age: M=24.9 years, SD=>5.35; n=64 right-hand-
ers) volunteered in exchange for a payment. All participants were naive to the research hypotheses and, after
participation, they were excluded from participation in further studies. Participants were recruited via a research
participation pool (managed through SONA systems) at the university in order to generate a sample predomi-
nantly made up of students, to avoid sampling differences to Wilson and colleagues?, who tested mostly under-
graduates. Each individual received a payment of 10 EUR per testing hour. Participants provided an informed
consent before participation, confirming that they had no cardiovascular diseases or mechanical devices in the
body that would threaten the eligibility of receiving electric stimulations. Study protocols were approved by a
local research ethics committee (Institute of Psychology, IMU Wiirzburg, ethics approval number: GZ 2018-15)
and all methods were carried out in accordance with the Helsinki declaration on ethical research with human
subjects and with guidelines for ethical research with humans from the German Psychological Society (DGPs).

We aimed for samples sizes that were substantially larger than that analyzed by Wilson and colleagues? in
the original study (n=42). Sample sizes were planned to have sufficient statistical power (1 — $=0.80) for the
detection of medium-sized effects with a d>0.40 (for a justification of this choice see’). Sensitivity analyses
performed with GPower 3.1.9.7'° confirmed that the sample size n="70 was sufficient for the detection of effects
with ds> =0.30 in the Wilcoxon signed-rank tests of self-administered shocks against zero.
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Figure 1. Keyboard device with four buttons used for shock administrations. In Study 4, only a single button
was attached to the keyboard.

Apparatus and material.  Stimulus presentation and recording of responses were controlled by a software
timer with video synchronization (E-Prime 2.0 Professional; Psychology Software Tools, Inc.). For the adminis-
tration of a shock, participants used their right hand to press large buttons attached to a computer keyboard that
was wrapped in white foil (see Fig. 1).

Electric shocks were delivered by a constant current stimulator (Digitimer DS7A; Digitimer Ltd, Hertford-
shire, UK) with an internal frequency of 50 Hz. A bar electrode was attached with an adhesive tape near to
the elbow joint of the left forearm. The skin area underneath the electrodes was cleaned with peeling gel and
electrodes were filled with a conductive paste. The electric shock was a train of square-wave 2-ms pulses with
a 5 ms interpulse interval.

Shock adjustment procedure. In Wilson et al’s study (3 Study 10), only 76% of the participants indi-
cated that they would pay a hypothetical sum of money to avoid the shock and only 58% gave the test shock an
unpleasant rating below the neutral midpoint of the scale (and only 49% indicated both). Thus, it is questionable
whether the electric shock was truly unpleasant for the majority of participants.

For the present research, we therefore implemented a staircase procedure'! that determined the threshold for
a ‘slightly painful’ stimulation on the individual level. After an announcement, the research assistant delivered
an electric shock to the participant. Participants rated each shock sensation verbally on a 9-point rating scale
with the anchors 0 (‘no sensation’), 1 (‘sensation’), 4 (‘slightly painful’), and 9 (‘maximally tolerable pair’). The
research assistant noted the rating of the shock. Shock intensity started with 0 mA and was increased in steps
of 0.5 mA until the participant’s intensity rating reached a score 4 or higher. For the next calibration cycle, the
shock intensity was first increased by an additional 0.5 mA and then stepwise decreased by 0.5 mA until the par-
ticipant’s intensity rating was below 4. Two additional calibration cycles followed with start values 0.5 mA below
(calibration with increasing intensities) or above the last value (calibration with decreasing intensities), resulting
in a total of three calibration cycles each with ascending and descending arms. After the last calibration cycle,
intensities with a rating score 4 were averaged and the intensity was additionally increased by 30% for the actual
experiment. The minimum intensity for the final test shock was set to 1 mA and the maximum intensity could
not exceed 5 mA for ethical reasons'?. Intensities of adjusted test shocks were: M =2.25 mA (SD=1.27) in Study
1; M=2.77 mA (§D=1.39) in Study 2; M =2.85 mA (SD=1.37) in Study 3; M=2.39 mA (SD=1.23) in Study 4.

Intensities of strong and mild electric shocks administered during the thinking period were manipulated by
increasing or decreasing the duration of the shocks, respectively. The medium shock always was the test shock
with ten electric pulses. For a strong shock, the duration was increased from 10 to 20 electric pulses, whereas
for a mild shock the duration was decreased to 6 electric pulses (both with a 5 ms interpulse interval). Research
demonstrated that increased duration of punishment has analogous aversive effects compared to increased
intensity of punishment'®. Furthermore, a previous study using the same duration manipulation confirmed that
the strong shock, relative to the mild shock, evoked more fear and more physiological arousal as indexed by a
greater change in skin conductance levels''.

Testing procedure. Participants were tested individually in a sparsely furnished laboratory room. Personal
belongings that could be used for distraction were locked away. After providing an informed consent, the inten-
sity of the test shock was adjusted using the procedure described above. Then, participants rated their current
mood on a scale from ‘very bad’ (—4) to ‘very good’ (+4). Subsequently, the following information appeared on
the computer screen: “Next follows a 15 min waiting period. Your task for this period is to entertain yourself
with your thoughts. You can think about anything you want.” Instructions then stated that pressing the button(s)
was allowed during the waiting period, and that each button press would administer an electric stimulation with
a different intensity:

The button “FAMILIAR shock” would produce the test shock that was experienced in the previous shock
adjustment phase. The button “WEAKER shock” would produce an electric shock that was weaker, and the but-
ton “STRONGER shock” a shock that was stronger than the test shock. The button “RANDOM shock” would
produce a shock whose intensity could be stronger or weaker than the test shock.

Four labelled squares in horizontal arrangement were displayed on the screen during the thinking period
that informed the participant about the function of each key. Assignment of the shock intensities to the four
buttons was randomized. Instructions explicitly highlighted that a button press is not necessary: “You can press
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buttons a single time, several times, or not at all. This decision is completely yours! Entertain yourself with your
thoughts. See you later!” The research assistant then left the room and returned after 15 min.

After the thinking period, participants again rated current mood, pleasantness (-4 very unpleasant, 0 neu-
tral, + 4 very pleasant), boredom (1 not at all boring, 5 neutral, 9 very boring), and excitement (1 not at all excit-
ing, 5 neutral, 9 very exciting) during the thinking period. Then, they were asked to describe their motivational
reasons for a button press in own words on a sheet of paper. Subsequently, they were asked to complete the
following personality questionnaires: (1) The subscales “Openness to Experience” (Open; 10 items, Cronbach’s
a=0.76), “Neuroticism” (Neuro; 10 items, a=0.90), and “Need for Achievement” (nAch; 6 items, a=0.82) of
the German Big Five Personality Inventory (B5T)'*. (2) The German version of the “Need for Cognition Scale”
(NFC, 16 items, a=0.83)"'°. (3) The subscales “Need for Stimulation” (NS, a =0.82) and “Avoidance of Rest” (AR,
a=0.82) of the German “Need Inventory of Sensation Seeking” (NISS, 17 items)'®. (4) The “Impression Manage-
ment Scale” (IMS, 17 items, a=0.82)". (4) The subscale “Bravado” (2 items) of the German Narcissistic Personal-
ity Inventory (NPI-d)'® and a German translation of the Single Item Narcissm Scale (SINS; “To what extent do
you agree with this statement: I am a narcissist””)'. Finally, they were thanked, debriefed, paid, and dismissed.

Data-analytic approach. Dependent measures of main interest were the proportion of participants who
opted to shock themselves during the thinking period and the numbers of self-administered shocks as a func-
tion of the shock type (mild, medium = familiar, strong, random). Proportions were compared using z-tests with
continuity correction. Counts of self-administered shocks as a function of shock intensity were compared using
a related-samples Friedman test, because they violated normal distribution even after transformation. Follow-
up tests were conducted with Wilcoxon signed-rank tests that were Bonferroni-corrected for multiple testing.
Data were analyzed before and after removal of outlier values in the total number of self-administered shocks.
Following the recommendation of Tukey?, a value was identified as outlier if it was equal to or larger than 1.5
interquartile ranges above the third quartile of the data distribution. Changes in statistical results after outlier
removal are noted in the report.

Timing of the button presses during the waiting period was only recorded in Study 3 and Study 4. For explora-
tive analyses, rates of responding in these studies were plotted as a function of time in minutes and analyzed for
statistical trends (linear, cubic, and quadratic) in analyses of variance (ANOVA) with Waiting Time (each minute
of the waiting period; within) as factor.

Participants rated their mood before and after the thinking period (after minus before =mood change), feel-
ings of pleasantness, boredom, and excitement during the thinking period (among other measures). These ratings
were analyzed for correlations with frequencies of self-administered shocks. Exploratory correlational analyses
between personality measures and self-administration of shocks are reported in the supplement.

Aggregated across all four studies, men (n=81) or women (n=173) did not administer more shocks to them-
selves and there were no significant gender differences in the proportions who opted for a self-administration
of shocks (see the supplement to this article for corresponding analyses). Therefore, data were collapsed across
genders for the analyses reported next.

Results.  Self-administration of electric shocks. Figure 2 shows the results. Sixty-two out of 70 participants
(88.6%; 87% males, 89.4% of the females) opted to administer a shock to themselves. The majority of participants
administered all of the different types of shock to themselves.

The median of the total numbers of self-administrated shocks during the thinking period was Mdn = 10; how-
ever, inter-individual differences were very large (range: 314). Median values of self-administered shocks were
in the order: mild (Mdn =3, IQR=9.5) =medium (Mdn =3, IQR="7.5) > strong (Mdn =2, IQR=9.75) =random
(Mdn=2, IQR=11.5). The effect of shock type (mild, medium, strong, random) on the numbers of self-adminis-
tered shocks was significant in a related-samples Friedman test, y*(3) = 13.694, p=0.003. Post hoc analysis with
Bonferroni-corrected Wilcoxon signed-rank tests revealed fewer administrations of medium shocks relative to
mild shocks, z=3.04, p=0.012, r=0.36. Other differences were not significant with ps>0.27. One-sample Wil-
coxon signed-rank tests confirmed that the median values were significantly greater than zero for administrations
of mild, z=6.75, p<0.001, r=0.80, medium, z=6.40, p <0.001, r=0.76, strong, z=6.11, p<0.001, r=0.73, and
randomly determined shock intensities, z=5.78, p <0.001, r=0.69. After removal of 9 outlier values (n=61),
results with statistical significance were the same except that the difference between mild (Mdn = 3) and strong
shocks (Mdn = 1) was also significant in the Bonferroni-corrected post hoc Wilcoxon signed-rank test, z=3.01,
p=0.018, r=0.36.

Ratings of the thinking period. Mood was rated on the scale from —4 to+4, and was non-significantly better
before (M=1.84, 95%CI [1.48, 2.20]) than after the thinking period (M =1.73, 95%CI [1.37, 2.08]), t(69) =1.34,
p=0.184, d,=0.16 (95%CI [-0.08, 0.39]). Participants rated the thinking period as slightly pleasant (M =0.89,
95%CI [0.47, 1.30]), moderately boring (M =4.76, 95%CI [4.28, 5.23]), and as not exciting (M=3.07, 95%CI
[2.66, 3.49]). Correlational analyses revealed statistically significant positive correlations between numbers of
shock administration and ratings of boredom and excitement (see Table 1).

Discussion. A large majority of participants opted to administer an unpleasant electric shock during the
thinking period. This result replicates Wilson and colleagues (* Study 10), and the proportion was even larger
than in the original study (88.6% vs 45%). Even more important for the present research question, partici-
pants administered the familiar (medium) shock least often, with no differences in self-administrations of mild,
strong, and random shocks. The large number of self-administered strong shocks is at odds with the negative
reinforcement hypothesis which predicted a preference for the least aversive response option (mild shock). In
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SHOCK ADMINISTRATION DURING THINKING PERIOD
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Figure 2. Left panel: proportions of participants who administered shocks to themselves during the thinking
period. Note that the ‘none’ bar is mutually exclusive with the others; however, a participant can be counted in
all other bars simultaneously. Right panel: violin plots with box plots of the frequencies of self-administered

shocks as a function of shock intensity.

1. MOOD -

2. PLEASANTNESS 0.235* | -

3. BOREDOM —-0.096 | —0.545***

4. EXCITEMENT 0.138 0.136 -0.098 | -

5. Mild 0.009 —-0.055 0.337** | 0.324**

6. Medium 0.062 -0.117 0.322** 1 0.231 0.898*** | —

7. Strong 0.012 -0.135 0.242* 0.287* 1 0.791°* | 0.861***

8. Random 0.110 -0.141 0.244* ] 0.302* | 0.8187% | 0.836™** | 0.843***

9. Total count 0.055 -0.108 0.313*%* 10.298* | 0.944* | 0.965*** | 0.902*** | 0.901***

Table 1. Spearman’s rank-based correlations between mood change, ratings of the thinking period, and counts
of self-administered shocks during the thinking period. *p <.05, **p <.01, ***p <.001.

contrast, correlations showed a positive relationship with ratings of boredom and excitement, which fits better to

an explanation with sensation seeking and/or exploration. It is possible that participants were curious of shocks

with mild, strong, or random intensities because, in contrast to the medium shock, these intensities were not

experienced before the waiting period. This explanation was tested in a second experiment.
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1 2 3 4 5 6 7 8
1. MOOD -
2. PLEASANTNESS 0.176 -
3. BOREDOM —-0.061 | -0.765*** | -
4. EXCITEMENT —-0.068 |0.232 -0.354**
5. Mild 0.132 —-0.160 0.100 0.307* -
6. Medium 0.077 —-0.184 0.136 0.372%¢ 1 0.936"** | -
7. Strong 0.030 —-0.154 0.079 0.367** | 0.8927** | 0.947** | -
8. Random 0.187 —-0.204 0.183 0.331* 0.855%** | 0.866*** | 0.879**
9. Total count 0.073 —-0.188 0.141 0.378%* | 0.941%** | 0.973*** | 0.969*** | 0.933*

Table 2. Spearman’s rank-based correlations between mood change, ratings of the thinking period, and counts
of self-administered shocks during the thinking period. *p <.05, ** p<.01, *** p<.001.

Study 2

Study Z was identical with Study 1 with the single change that each shock type was experienced in a familiariza-
tion phase immediately prior to the thinking period. If participants administered shocks to themselves because
they were curious about the quality of the shocks, this curiosity should (partly) be satisfied by the familiarization
phase in Study 2. Hence, this explanation predicted a lower proportion of participants administering a shock to
themselves in Study 2 compared to Study 1.

Method. Participants. Fifty-nine participants (45 females; age: M=25.4 years, SD=4.74; n=>54 right-
handers) volunteered in exchange for a payment. A sensitivity analysis for a one-tailed z-test of independent
proportions with continuity correction showed that samples sizes were sufficiently powered (1-beta=0.80) for
the detection of a proportion difference > 19%.

Apparatus, materials and procedure.  Study 2 differed from Study 1 in the inclusion of a familiarization phase
before the thinking period. In this phase, instructions guided the participant to press each button once for an
experience of the associated shock intensity. After that, the thinking period started. The open-ended question-
naire was removed because of time constraints.

Results.  Self-administration of electric shocks. Figure 2 summarizes the results. In Study 2, 47 of 59 partici-
pants (79.7%; 85.7% males, 77.8% females) administered shocks to themselves. A one-tailed z-test with continu-
ity correction indicated that this proportion was significantly smaller than the proportion 88.6% observed in
Study 1 without familiarization phase, z=-1.95, p=0.026, r=0.25.

The median of the total number of self-administered shocks during the thinking period was Mdn =22; how-
ever, inter-individual differences were again extremely large with a maximum count of 605 keypresses (40.3/
min) for one individual. Median values of self-administered shocks were in the order: medium (Mdn =6,
IQR=17)>mild (Mdn=5, IQR=19) =random (Mdn =5, IQR=27) > strong (Mdn =4, IQR=19). The effect of
shock intensity (mild, medium, strong, random) on the number of self-administered shocks was not significant
in the Friedman test, x*(3) =7.054, p=0.070. One-sample Wilcoxon signed-rank tests of median values against
zero revealed significant self-administrations of shocks with mild, z=5.71, p<0.001, r=0.74, medium, z=5.85,
p<0.001, r=0.76, strong, z=5.68, p<0.001, r=0.74, and random intensities, z=5.58, p <0.001, r=0.73. Removal
of four outlier values (n=55) in the total number of self-administered shocks did not change the statistical results.

Ratings of the thinking period. Mood was non-significantly better before (M=2.02, 95%CI [1.71, 2.33]) than
after the thinking period (M =1.90, 95%CI [1.54, 2.25]), #(58) = 1.07, p=0.290, d,=0.139 (95%CI [0.12, 0.40]).
Participants rated the thinking period as slightly pleasant (M=0.88, 95%CI [0.44, 1.33]), moderately boring
(M=4.93,95%CI [4.34, 5.52]), and as unexciting (M =3.03, 95%CI [2.54, 3.53]). Correlational analyses revealed
statistically significant positive correlations between frequencies of shock administration and ratings of excite-
ment (see Table 2).

Discussion. A large proportion of participants again opted to administer shocks to themselves. However,
in this study the proportion was significantly smaller compared to Study 1 (79.7% vs 88.6%). The inclusion of
a familiarization phase with administrations of each shock type before the thinking period, hence appeared to
have reduced the willingness to administer a shock to themselves. This reduction is in line with an explana-
tion that participants were curious of novel shocks and how they would feel. In addition, correlational analyses
revealed a relationship with ratings of excitement, suggesting an involvement of sensation seeking. The large
numbers of self-administered strong shocks is however difficult to reconcile with the negative reinforcement
explanation.
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Figure 3. Proportion of participants (n =34) who administered shocks to themselves during the thinking
period (left panel) and a violin plot with box plots of the frequencies of self-administered shocks as a function of
shock type (right panel). Note that the ‘none’ bar in the left panel is mutually exclusive with the others; however,
a participant can be counted in all other bars simultaneously.

Study 3

A potential explanation for why participants did not prefer the mild shock over more painful shocks is that the
reduced pain intensity was not large enough for a negative reinforcement of the behavior. Study 3 therefore
tested the negative reinforcement hypothesis with the provision of a response option (response button) that did
not generate an unpleasant sensation (i.e., electric shock). This innocuous response option was made available
in addition to buttons that produced mild, medium, and strong shocks. If avoidance of thinking engagement is
the primary motivation to seek distraction with an external activity, participants should opt for the least aversive
distraction, which was keypressing for no shocks.

Method. Participants. Thirty-six students (21 females; age: M =29.1 years, SD =9.54; 34 right-handers) vol-
unteered for participation. Sample size was smaller given the large effects in the Wilcoxon signed-rank tests in
Study 1 and 2 (with ds>1.91). In this study, we also asked the participant in the post-experimental questionnaire
whether he or she understood that a button press during the thinking period was optional and therefore not
necessary. Two participants indicated low knowledge of the instruction that a keypress was not demanded from
them (ratings 1 and 3, respectively, on a scale from 1 to 9). These two data sets were removed.

Apparatus and procedure. Materials and procedures were the same as in Study 2 with the major change that
the random shock button was replaced with a button that produced no shock. Participants additionally rated
the enjoyment of their thoughts from —4 (very unpleasant) to+4 (very pleasant), and indicated whether they
understood the instruction that a keypress during the thinking period was not necessary (1= ‘No, I believed a
button press was necessary, 9 = Yes, that was clear to me’). The time-consuming personality questionnaires were
removed from this and the subsequent study.

Results.  Self-administration of electric shocks. Nearly all participants (91.2%) pressed a button during the
waiting period, and 88.2% (73.3% of the males, 100% of the females) administered shocks to themselves (see
Fig. 3).

The median of the total number of keypresses during the thinking period was Mdn=42.5 (range: 251); the
median total number of self-administered shocks was Mdn =28 (range: 162). Median numbers of keypresses
were in the order: mild (Mdn=13.5, IQR=20.25) > medium (Mdn="7.5, IQR=13.5) >no shock (Mdn=6.5,
IQR=13.25) > strong (Mdn=5.5, IQR=16.25). The effect of shock administration (none, mild, medium, strong)
on the numbers of keypresses was significant in the Friedman test, x*(3) =12.97, p=0.005. Post hoc analysis
with Bonferroni-corrected Wilcoxon signed-rank tests revealed more self-administrations of mild shocks than
medium shocks, z=3.17, p=0.012, r=0.54, and strong shocks, z=2.90, p =0.024, r=0.50. Other differences were
not significant with ps= 1. One-sample Wilcoxon signed-rank tests against zero confirmed significant production
of keypresses generating no shock, z=4.62, p<0.001, r=0.79, mild shocks, z=4.78, p<0.001, r=0.82, medium
shocks, z=4.54, p<0.001, r=0.78, and strong shocks, z=4.54, p <0.001, r=0.78. Removal of two outlier values
in the total number of button presses did not change these results.

Figure 4 shows the rate of keypressing as a function of time. Participants waited 46.7 s (SD=63.7) on aver-
age before the first keypress and they pressed buttons most often during the first minutes of the waiting period.
Statistical trend analyses of proportional response rates per minute for each shock type in a Bonferroni-adjusted
ANOVA with Waiting Time (15: each minute of the waiting period, within) as factor revealed significant linear
trends for button presses generating no shock, F(1, 29) =14.94, p=0.002, nf,=0.340; mild shocks, F(1,29) =26.98,

Scientific Reports |

(2022) 12:11247 | https://doi.org/10.1038/s41598-022-14775-w nature portfolio



www.nature.com/scientificreports/

Mean % of presses of this button

er participant

medium | | mild

50% 1
40% 1
30%
20% 1 -

e Fﬁﬁ%ﬁﬁ#ﬁ F]IFHF‘:FP#%.—.F:F%_

0%

no | | strong |

50% 1
40% 1
30% 1
20% 1

e ﬁﬁﬁFﬁ:FﬁFﬁpaﬁFﬁ_ﬁ—. ﬁ_ﬁﬁﬁf':f:l.—.rﬁFﬁ—.

0%
12345678 9101112131415 12345678 9101112131415
Progression of thinking period (in minutes)

Figure 4. Rate of button presses as a function of time. Error bars show the standard error. Subjects without
button presses and two subjects with outlier values were not included in the counts (valid n=30).

1 2 3 4 5 6 7 8 9
1. MOOD -
2. PLEASANTNESS 0.389* | -
3. BOREDOM —-0.332 | -0.666***
4. EXCITEMENT 0.052 —-0.022 -0.183 -
5. ENJOYMENT 0.274 0.453** -0.621*** | -0.140 | -
6. No shock 0.190 0.407* -0.303 -0.123 | 0.107 |-
7. Mild 0.086 0.240 -0.131 —-0.007 |0.144 | 0.648*** | -
8. Medium 0.175 0.228 -0.025 —-0.147 |0.168 | 0.502** 09130 | -
9. Strong 0.155 0.283 -0.101 -0.066 |0.142 | 0.452** 0.894*** 1 0.919***
10. Total count 0.170 0.301 -0.135 =0.073 | 0.130 | 0.704*** | 0.972°%F 10.925°* |0.916%**

Table 3. Spearman’s rank-based correlations between mood change, ratings of the thinking period, and counts
of keypresses producing (no) shocks during the thinking period. *p <.05, **p <.01, **p <.001.

p<0.001, n2=0.482; medium shocks, F(1, 29) = 19.08, p <0.001, n =0.397; and strong shocks, F(1, 29) =15.70,
p=0.002,1,=0.351. Quadratic and cubic trends were not 51gn1ﬁcant with ps>0.05.

Ratings of the thinking period. Mood was significantly better before (M=1.68, 95%CI [1.34, 2.02]) compared
to after the thinking period (M= 1.24, 95%CI [0.82, 1.65]), #(33) =2.60, p =0.014, d,=0.445 (95%CI [0.09, 0.80]).
Participants rated the thinking period as slightly pleasant (M=0.32, 95%CI [-0.22, 0.86]), moderately boring
(M=4.88, 95%CI [4.13, 5.63]), and as not exciting (M =3.03, 95%CI [2.38, 3.68]). Thoughts were rated slightly
positively M=1.15 (95%CI [0.68, 1.62]) on a scale from -4 (very unpleasant) to +4 (very pleasant). Correlational
analyses did not reveal a significant relationship with the numbers of keypresses (see Table 3).

Discussion. Although participants had an innocuous response option available for distraction from the
thinking task, a large majority still opted to administer (strongly) unpleasant shocks to them. This behavior is
at odds with the negative reinforcement explanation, by which participants should have selected the least aver-
sive response option for distraction from the (even more aversive) thinking task. Rather, it seems that shocking
oneself was attractive for many participants, irrespective of the nature of the thinking task. This assumption was
scrutinized more closely in a fourth study.

Study 4

Wilsorzl and colleagues argued that deliberately thinking for pleasure is cognitively taxing and difficult—and
hence avoided by seeking distractions". People can however be assisted in the generation of thoughts. Specifi-
cally, Westgate and colleagues®! designed a thinking aid procedure that makes it easier to engage in pleasurable
thoughts. Participants in their study were first asked to write down pleasurable thoughts that were presented
during the thinking period as prompts of a pleasurable thought. Results showed that participants found it easier
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Figure 5. Self-administration of shocks in each thinking aid condition (left panel) and violin plot with box
plots of the frequencies of self-administered shocks in each condition (right panel).

to engage in pleasurable thinking and enjoyed the thinking period more compared to a control condition without
a “thinking aid”

In Study 4, we implemented an analogous thinking aid procedure to assist participants in the generation
of thoughts during the waiting period. Participants were randomly assigned to one of three conditions: (1) a
condition with a thinking aid for the generation of pleasant thoughts; (2) a condition with a thinking aid for the
generation of unpleasant thoughts; (3) no thinking aid (control condition). In this experiment, only one button
was available, and participants could administer a slightly painful shock to themselves by pressing this button.
If the thinking aids facilitate engagement in thinking, participants should be less inclined to administer painful
shocks to themselves in the thinking aid conditions relative to the control condition. Furthermore, if escape from
negative thought is the primary motivation for the self-administration of shocks, they should shock themselves
most often in the unpleasant-thought condition and least often in the pleasant-thought condition.

Method. Participants. N=94volunteers (n=64 female; age: M =27.1 years, SD=9.21; n =87 right-handers)
were randomly assigned to the pleasant thinking aid (n=32), unpleasant thinking aid (n=31), and no thinking
aid (n=31) conditions. Data from three participants (two in the pleasant and one in the unpleasant conditions)
were removed from analyses based on poor understanding of the instruction that a button press was not neces-
sary. Sensitivity analyses confirmed that sample size (n=91) was sufficient for the detection of a medium sized
effect (w=0.32) in the chi-square tests of group differences.

Procedure. There was only a single button available during the thinking period and a press administered the
test shock to the participant. Before the thinking period, participants were told to administer the test shock to
themselves for an experience of the shock. Depending on the thinking aid condition, participants were asked
either to list eight pleasant thoughts or fantasies that they would enjoy thinking about (pleasant thinking aid
condition), eight unpleasant thoughts or worries that they would not enjoy thinking about (unpleasant thinking
aid condition), or to answer a series of simple trivia questions (e.g., “Name a country in Asia”; no thinking aid/
control condition). During the thinking period, the generated topics were displayed one at a time on the com-
puter screen, and participants were instructed to think about the currently displayed thought or hope/worry;
in the control condition, participants were reminded of thinking without presentation of a topic. Following the
procedure of Westgate and colleagues®, a generated topic was displayed on the computer screen at every 45 s,
reducing the total duration of the thinking period to 6 min. After the thinking period, participants rated their
current mood; pleasantness, enjoyment (1= ‘not at all entertaining, 9 =‘very entertaining’), and boredom dur-
ing the thinking period; the frequency of mind-wandering (1="not at all, 9= ‘very frequent’), and the difficulty
of thinking during the waiting period (1="not at all difficult, 9 ="very difficult’). In addition, they were asked
whether they understood the instruction that a button press was not necessary (yes/no).

Results.  Self-administration of electric shocks. Overall, 54 participants (59.3% of the sample; 69% males,
54.8% females) administered shocks to themselves. Figure 5 shows the proportion of participants who adminis-
tered shocks to themselves in each thinking aid condition. Although the proportion was numerically highest in
the unpleasant thinking aid condition and numerically lowest in the pleasant thinking aid condition, this differ-
ence was not significant in a Chi-Square test, X2(2, N=91)=1.14, p=0.566.

The median value of the number of self-administered shocks was Mdn=1 (IQR=8), with large inter-individual
differences (range: 229). Participants waited M =29 s (SD=43) before the first keypress. A Kruskal-Wallis H test
showed that frequencies of self-administered shocks in the thinking aid conditions were not statistically dif-
ferent, x%(2, N=91)=0.99, p=0.609. One-sample Wilcoxon signed-rank tests against zero revealed significant
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Figure 6. Rate of button presses as a function of time in each thinking aid condition. Error bars show the
standard error. Subjects without button presses and nine subjects with outlier values were not included in the
counts (valid ns=15, 16, and 14 in the control, pleasant, and unpleasant conditions, respectively).

Pleasant Control Unpleasant
Mood before (-4 to+4) 1.60 [0.94,2.26] | 1.74[1.22,2.26] |1.70 [1.09, 2.31]
Mood after (—4 to +4) 2.00 [1.47,2.53] | 1.68 [1.16,2.20] | 0.73 [0.34, 1.43]
Pleasantness (-4 to+4) 1.13 [0.54, 1.73] | 1.00 [0.51,1.49] |-0.13 [-0.77, 0.50]
Entertainment (1 to 9) 5.10 [4.47,5.73] | 5.03 [4.39,5.68] |3.4[2.7,4.10]
Boredom (1 to 9) 4.00[3.23,4.77] | 4.42[3.78,5.06] | 5.0 [4.15,5.85]
Mind-wandering (1 to 9) 5.63 [4.86,6.40] | 5.61[4.95,6.27] |5.5[4.8,6.2]
Difficulty (1 to 9) 2.69 [2.10,3.28] | 3.58 [2.75,4.42] | 3.6[2.74,4.46]

Table 4. Ratings (mean, 95% CI) in the thinking aid conditions. Numbers in round brackets indicate the
rating scale from low to high.

self-administration of shocks in the unpleasant (Mdn =2, IQR=9.25), z=3.92, p <0.001, r=0.70, control (Mdn=1,
IQR=7),2=3.73, p<0.001, r=0.67, and pleasant thinking aid conditions (Mdn =1, IQR=7.25), z=3.52, p<0.001,
r=0.63. Removal of nine outlier values (2 in the pleasant, 4 in the neutral, 4 in the unpleasant thinking aide
conditions) did not change these results.

Figure 6 shows the rate of keypressing as a function of time in each thinking aid condition. Participants waited
M =29 s (SD=43) on average before the first keypress. Self-administration of shock was most frequent during
the first minutes of the waiting period. Statistical trend analyses of response rates per minute (proportion) in
each thinking aide condition in a Bonferroni-adjusted ANOVA with Waiting Time (6: each minute of the period,
within) and Thinking Aid Condition (3: control, pleasant, unpleasant; between) revealed 51gn1ﬁcant linear trends
for self-administered shocks in the pleasant thinking a1d condition, F(1, 13)=8.83, p=0.033, n =0.405; unpleas-
ant thinking aid condition, F(1, 15) 8.87, p=0.027, n =0.372; and in the control condition Without thinking
aide, F(1, 14) =8.77, p=10.030, n =0. 385 The quadratic trend in the unpleasant thinking aid condition was also
significant, F(1, 15)=7.54, p=0. 045 np 0.335. Other trends were not significant with ps>0.05.

Ratings of the thinking period. Table 4 shows the ratings. In a 2 x 3 mixed ANOVA of the mood ratings with
Time (pre, post; within-subjects) and Thinking Aid Condition (positive, control, negatlve, between-subjects), the
main effects of Condition and Time were not significant, F(2, 88) =1.36, p=0.263, 'r] =0.030, and F(1, 88)=2.73,
p=0.102, nf, 0.030, respectively. However, the interaction effect was, F(2, 88) =9.81, p<0 001, n =0.182. Mood
improved in the pleasant thinking aid condition and declined in the unpleasant thinking condltlon with no
change in the neutral condition (see Table 1). Effects of the thinking aid condition on other ratings were tested
with one-way ANOVAs. Participants in the unpleasant thinking condition rated the thinking period as more
unpleasant, F(2, 88) =6.09, p=0.003, n2=0.122, and less entertaining F(2, 88)=8.88, p<0.001, 12= 0.168. Rat-
ings of boredom were lowest in the pleasant and hlghest in the unpleasant thinking conditions; however, this dif-
ference was not significant, F(2, 88) =1.82, p=0.168, n =0.040. Ratmgs of mind-wandering were not affected by
pleasant and unpleasant thinking aids, F(2, 88) =0.04, p 0.958, np— 0.001. Difficulty of engagement in thinking
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1 2 3 4 5 6 7
1. Thinking aid -
2.MOOD 0.397%%* | -
3. PLEASANTNESS 0.300%* | 0.407%% -
4. BOREDOM —-0.201* | —0.408*** | —0.423%**
5. ENTERTAINMENT 03614** | 0.470%** 0.567*** -0.7107* | -
6. MINDWANDERING | 0.048 -0.036 0.079 0.110 0.024 -
7. DIFFICULTY -0.136 —-0.295%* | —0.330** | 0.413*** -0.3797* | -0.043 | -
8. Total count -0.094 —-0.367* | -0.204 0.064 -0.025 -0.022 | 0.116

Table 5. Spearman’s rank-based correlations between thinking aide conditions, mood change, ratings
of the thinking period, and counts of self-administered shocks. Thinking aide condition (-1 =negative,
0=control, + 1 =positive), *p <.05, **p <.01, **p <.001.

was rated lower in the pleasant thinking aid condition (with one missing questionnaire score due to a technical
failure) compared to the control condition and the unpleasant condition, but this difference was not statistically
significant, F(2, 87) =1.83, p=0.166, né =0.040.

Correlational analyses revealed a statistically significant, negative correlation between numbers of self-
administrated shocks and mood change (i.e., the fewer self-administrations of shocks, the better the mood after
the thinking period). Thinking aid condition was not related to the frequency of self-administered shocks (see
Table 5).

Discussion. Thinking aides were effective in prompting pleasant and unpleasant thoughts during the think-
ing period: participants in the unpleasant thinking condition rated the thinking period as more unpleasant and
less entertaining compared to participants in the pleasant thinking condition. Assistance in the generation of
(un)pleasant thoughts had however no statistically significant effect on the self-administration of electric shocks.
This null finding adds another piece of evidence to the conclusion that escape from negative thought is not the
exclusive, or primary, motivational reasons for the self-administration of electric shocks.

General discussion

Why would people favor electric shocks over idly sitting in a room, having nothing but their thoughts? For Wil-
son and colleagues, the reason was the discomfort produced by the difficulty to engage in directed pleasurable
thoughts'~. According to their explanation, deliberate thinking for pleasure is effortful because it requires both
motivation and the ability to concentrate. Therefore, most people prefer to distract themselves when being left
alone with their thoughts, because that distraction is less discomforting than engaging in thoughts.

The present studies confirm the previous finding that many people would rather administer shocks to them-
selves than be left alone with their thoughts®. Most participants in our studies opted to administer shocks to
themselves (range: 63-89%), and proportions were substantially larger than in the original study (43%). We
were surprised by these large effects because the intensity of the shock was carefully adjusted in our studies
to be slightly painful for each individual—and hence likely stronger than that used in the study of Wilson and
colleagues.

The present research however does not provide strong support for an explanation with negative reinforce-
ment. According to this account, people administer shocks to themselves because the painful stimulation is less
aversive than the engagement in the thinking task"* This avoidance orientation implies that participants should
have opted for the least aversive stimulation in their search for distraction, which was not observed. In fact, a
majority opted for strong shocks when they could select a mild shock (Studies 1-3), and they shocked themselves
when they had an innocuous response option without shock administration available for distraction (Study 3).
A large number also shocked themselves when they were aided in the generation of entertaining thoughts, and it
made no difference whether the contents of their thoughts were pleasant or unpleasant (Study 4). These findings
are clearly at odds with the negative reinforcement account, according to which people should opt for the least
aversive stimulation in their search for distraction.

Our data show that participants knowingly administered intense shocks to themselves although they had less
painful alternatives available. One explanation for this behavior could be that participants administered shocks
to themselves as for a distraction from the thinking task, and that they believed that intense shocks would better
serve this purpose. This explanation would still maintain that intentional engagement in thinking was unpleas-
ant or at least not entertaining for participation; it would however question the assumption that minimization
of unpleasant affect was the exclusive motivational reason for the self-infliction of pain. If the main purpose of
self-administration of shocks was distraction, participants should prefer activities during a waiting period that
have the highest expectation to provide a distraction, irrespective of their intrinsic pleasantness. This means
painful shocks were not administered because they were less unpleasant than engagement in thinking but, rather,
because they were more entertaining. Future research could examine this hypothesis by giving participants
a choice between unpleasant activities that differ in their potential to provide a distraction while triggering
unpleasant affects to a similar degree.

Participants could have also searched for the thrill of (intense) electric shocks because the self-stimulation
disrupted the monotony of the waiting period>®. This explanation is partially supported by significant positive
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correlations between numbers of self-administered shocks and ratings of boredom and/or excitement in Stud-
ies 1a and 1b; however, no positive correlations were observed in the other studies (see the supplement), which
questions the robustness of this relationship. Furthermore, participants did not systematically prefer administra-
tions of strong shocks or those with random intensities, which were arguably the most exciting response options.
Trend analyses of shock administrations over time in Study 3 and 4 also revealed that shock administrations were
most frequent at the beginning of the waiting period and declined during the waiting period, which is difficult
to reconcile with the disruption of a boredom state induced by waiting.

Another possibility is that the self-administration of electric shocks itself was attractive . What could have
made the self-infliction of pain attractive? First, it should be noted that when given a choice, we did not observe
a clear preference for a particular shock type that would have been indicative of negative reinforcement (no/mild
shocks), thrill seeking (strong shock), or curiosity (uncertain/random shock intensity). In contrast, a large major-
ity administered all four shock types to themselves, which could be seen as an explorative behavior. Exploration
could explain why a larger proportion of participants opted to shock themselves in Study 1 compared to Study
2, in which they could explore each shock intensity before the thinking period. Furthermore, many participants
expressed in post-experimental interviews that they administered shocks to themselves because they were curi-
ous, for instance, about the feelings of two different shocks feel or because they mistrusted the task setup (for a
report see the supplementary information file). Thus, it appears that a large proportion used the shock device
because they were curious about the shocks. Many participants also administered shocks to themselves multiple
times, which could be seen as a testing behavior how many shocks one could endure or how the pain feelings
would change after multiple administrations. Limit testing would also explain why a small, but consistent frac-
tion in each experiment administered hundreds of electric shocks to themselves, which is an extreme behavior
that was also observed by Wilson and colleagues®.

To summarize, the present findings question that the exclusive motivation for the self-administration of
shocks in our research, and presumably also in the research of Wilson and colleagues?, was avoidance of thinking
and the associated minimization of negative affect. Instead, our data suggest that the self-infliction of pain may
have been attractive for many participants, because they were curious about the shocks, their intensities, and the
effects they would have on them (limit testing). This interpretation does of course not suggest that engagement in
thinking is pleasant. To the contrary, Wilson and colleagues' summarized many circumstances in which people
preferred other activities over thinking, which highlights that deliberate thinking for pleasure was not ranked
particularly high by most people. However, the mere observation that one activity was preferred over another
activity does not logically imply that the non-preferred activity was unpleasant*; this means researchers should
refrain from assigning absolute values or hedonic categories to activities and events (for elaborate discussions
see?>?). A categorization fallacy also applies to allegedly ‘unpleasant’ activities, such as the self-administration
of painful shocks, which could be attractive, despite generating unpleasant sensations, because it could still a
particular human need (e.g., curiosity). It is well-documented that people often strive to resolve ambiguities even
if it is risky and without apparent instrumental benefit***?*. People are curious about high intensity negative
information, being fascinated by media coverages of intense violence or by horror movies”?, and neuroimaging
studies showed that satisfaction of one’s curiosity activates reward-related circuitries in the brain, even when
the information search exposes the individual to unpleasant stimuli*”?. The present studies are in line with this
research, highlighting that people are willing to leave their comfort zone for a new experience.

Data availability
Raw data underlying the main findings reported in this paper can be accessed at https://doi.org/10.7910/DVN/
IQHACM.
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