Witt et al. Cogn. Research (2020) 5:58

https:/doi.org/10.1186/541235-020-00260-3 Cognitive Research: Principles

and Implications

ORIGINAL ARTICLE Open Access
®

Check for
updates

Wielding a gun increases judgments
of others as holding guns: a randomized
controlled trial

Jessica K. Witt""®, Jamie E. Parnes' and Nathan L. Tenhundfeld?

Abstract

The gun embodiment effect is the consequence caused by wielding a gun on judgments of whether others are also
holding a gun. This effect could be responsible for real-world instances when police officers shoot an unarmed per-
son because of the misperception that the person had a gun. The gun embodiment effect is an instance of embodied
cognition for which a person’s tool-augmented body affects their judgments. The replication crisis in psychology has
raised concern about embodied cognition effects in particular, and the issue of low statistical power applies to the
original research on the gun embodiment effect.Thus, the first step was to conduct a high-powered replication. We
found a significant gun embodiment effect in participants'reaction times and in their proportion of correct responses,
but not in signal detection measures of bias, as had been originally reported. To help prevent the gun embodiment
effect from leading to fatal encounters, it would be useful to know whether individuals with certain traits are less
prone to the effect and whether certain kinds of experiences help alleviate the effect. With the new and reliable meas-
ure of the gun embodiment effect, we tested for moderation by individual differences related to prior gun experience,
attitudes, personality, and factors related to emotion regulation and impulsivity. Despite the variety of these measures,

there was little evidence for moderation. The results were more consistent with the idea of the gun embodiment
effect being a universal, fixed effect, than being a flexible, malleable effect.
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Introduction

The false perception that another person is holding a
gun leads to fatal outcomes, such as the shooting of an
unarmed victim (Hall et al. 2016). This is demonstrated in
many real-world examples, such as in 1999 with Amadou
Diallo, who was shot 41 times by New York City police
after his wallet was misperceived as a gun (Cooper 1999),
and in 2018 with Stephon Clark, who was shot 8 times
in his own backyard after officers misperceived his cell
phone as a gun (Robles and Del Real 2018). The false per-
ception even extends to the young, such as Tamir Rice,
12 years old, who was playing with a pellet gun when he
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was shot by two police officers who perceived the toy gun
to be real (McCarthy 2014). What leads to these fatal
false perceptions? One contributing factor could be the
influence of stereotypes on decisions to shoot, such as the
race of the subject one is making a decision about (Cor-
rell et al. 2016; Kahn and Davies 2017). People are more
likely to misperceive a Black person or a Muslim per-
son as holding a gun than a White person (Essien et al.
2017; Hall et al. 2016; Kahn and Davies 2017). However,
it is unlikely that the influence of stereotypes completely
explains these fatal false perceptions.

Another factor informing the decision to shoot is
whether the person making the decision to shoot is
wielding a gun (Witt and Brockmole 2012). More spe-
cifically, when person A is wielding a gun, they are more
likely to indicate that person B is wielding a gun than
when person A is holding a neutral object, such as a ball.

©The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-1139-1599
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41235-020-00260-3&domain=pdf

Witt et al. Cogn. Research (2020) 5:58

This effect holds regardless of whether person B is hold-
ing a gun or a neutral object. The bias to judge another
person as holding a gun when wielding a gun oneself is
referred to as the gun embodiment effect.

Research supporting that wielding a gun influences the
perception of others provides support for the embodied
social cognition theory (Smith and Semin 2004, 2007).
According to this theory, social cognition is influenced by
embodied factors such as body structure, posture, move-
ments, and potential for action. While there is growing
support for this research (for review see Fincher-Kiefer
2019; Shapiro 2019), there is also growing concern
whether the effect can be replicated (e.g., Wagenmakers
et al. 2016). The purpose of the current research was to
conduct a high-powered study of the gun embodiment
effect to attempt to replicate the effect, determine its sta-
bility, and precisely estimate its effect size. In addition,
we conducted a preliminary investigation into whether
the gun embodiment effect is modulated with respect to
individual differences, including trait-based differences
such as personality or experience-based differences such
as video game experience.

Guns, social cognition, and embodiment
Prior research on guns has shown effects on both increas-
ing aggressive behavior and biases in the perception of
the guns. For instance, the mere placement of a gun in a
room leads to more aggressive behavior (Berkowitz and
LePage 1967). Guns, like other violent-related stimuli
such as violent television (Eron et al. 1972), violent media
clips (Anderson et al. 2010; Berkowitz 1984), and vio-
lent video games (Anderson and Bushman 2001; Calvert
et al. 2017), lead to more aggressive behaviors because
they prime aggressive scripts or schemas (Anderson et al.
1998; Berkowitz 1990). In other contexts, rather than
being a subtle manipulation of placement, the percep-
tion of guns has been directly examined. The accuracy
with which guns are perceived as being held by others is
influenced by the race of the depicted person: observers
are more biased to perceive guns—even when guns are
not present—in the hands of Black individuals compared
with White individuals (Correll et al. 2002; Eberhardt
et al. 2004; Greenwald et al. 2003; Payne 2001).
Previously, we found that when holding a gun, par-
ticipants were more biased to perceive others as hold-
ing guns compared with when they held a neutral object,
such as a rubber ball (Witt and Brockmole 2012). This
effect was independent of the race of the depicted per-
son, suggesting a new gun-related social perception bias
based on the action capabilities of the observer. In addi-
tion, the mere placement of a gun in the room did not
lead to a similar increased bias to see guns. This sug-
gested that this effect did not share the same mechanisms
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as the ones that lead to more aggressive behaviors based
solely on the presence of a gun, but that the effect was
instead specific to the wielding of the object.

The manipulation of changing participants’ bodies
and/or action capabilities by arming them is situated
in embodied social cognition theory (Meier et al. 2012;
Niedenthal et al. 2005; Smith and Semin 2004, 2007).
According to this approach, the body and its capabilities
for action influence social cognitive processes such as
perception of others’ emotions, intentions, facial expres-
sions, bodily postures, gestures, and actions. For exam-
ple, participants’ facial postures were manipulated by
having them hold a pen in their lips (which stimulates
muscles for frowning) or in their teeth (which stimulates
muscles for smiling). Facial posture influenced ratings
of the emotional expressions of others as being sadder
versus happier, respectively (Blaesi and Wilson 2010;
Niedenthal et al. 2000). In addition, pen-based manipu-
lations of facial posture biased ratings of the funniness
of cartoons: cartoons were perceived to be funnier when
mimicking a smile compared to a frown (Strack et al.
1988, but see Wagenmakers et al. 2016). Facial posture
also affected recall of affective material: those induced to
a smiling-like posture recalled more positive than nega-
tive material (Laird et al. 1982).

Head movements also influence social cognition: par-
ticipants who engaged in vertical head bopping (akin to
nodding) were more likely to agree with the content of
radio broadcasts than those who engaged in horizontal
head movements (akin to shaking one’s head; Wells and
Petty 1980). Body posture similarly induces effects in
social cognition: slumping reduces feelings of pride over
one’s achievements (Stepper and Strack 1993). Body pos-
ture has also been manipulated to induce approach ver-
sus avoidant behaviors. Pushing (such as pressing down
on a table), which simulates an avoidant behavior, leads
to more negative ratings of stimuli (Cacioppo et al. 1993),
and faster classification and recognition of negative
words than pulling, which simulates an approach behav-
ior (Chen and Bargh 1999; Markman and Brendl 2005;
Neumann and Strack 2000; Wentura et al. 2000).

Other bodily states also produce effects on social cog-
nition. Body temperature influences perceived social
proximity: holding a warm drink or being in a warm
room leads to the perception of the distance to others as
being closer compared with holding a cold drink or being
in a cold room (Jjzerman and Semin 2010). Bodily clean-
liness (e.g., washing one’s hands) attenuates feelings of
guilt (Zhong and Liljenquist 2006) and eases judgments
of the misdeeds of others (Schnall et al. 2008).

In addition to manipulations of bodily states, individ-
ual differences related to the body also influence social
cognitive processes. In particular, individual differences
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related to motor expertise influence the perception of
others. The brain activity in ballet experts was increased
when watching ballet dancers compared with Capoeira
dancers (Calvo-Merino et al. 2005). For experts in Capoe-
ira, the reverse pattern was found. Similarly, experts in
hockey produced differential brain activity and height-
ened understanding when reading sentences describing
hockey movements (Beilock et al. 2008).

Replication crisis

In recent years, there is growing concern about the repli-
cability of psychology experiments in general (Open Sci-
ence Collaboration 2015), and experiments supporting
embodied social cognition theory in particular (Bohan-
non 2014). There have been many failures to replicate
embodied social cognition findings including the effect
of washing hands on morality judgments (Johnson et al.
2014), the effect of holding a pen in one’s mouth on per-
ceived humor in cartoons (Wagenmakers et al. 2016), and
the effect of holding a hot therapeutic pack on prosocial
behavior (Lynott et al. 2014).

Concerns about replication are particularly relevant
for the gun embodiment effect because the original stud-
ies were underpowered (Witt and Brockmole 2012).
The effect size in their Experiment 2 was d,=0.366. To
achieve 80% power to detect an effect of this size, the
required sample size is N=61 participants. The experi-
ment had only 38 participants, which achieves a power
of only 59%. In addition, the p values for the gun embodi-
ment effect obtained in the previous paper were 0.02,
0.03, 0.10, and 0.01. These values do not inspire much
confidence in the gun embodiment effect. A p-curve
analysis contends that effects that are likely to be true
should result in a right-skewed p-curve, meaning that
most p values should be closer to 0.01 than to 0.04
(Simonsohn et al. 2014). Currently, the data supporting
the gun embodiment effect do not meet the p-curve cri-
terion. One goal of the current experiment was to run a
high-powered study of the gun embodiment effect with
an emphasis on estimating the size of the effect. Larger
sample sizes are needed to more accurately estimate
effect size.

Individual differences

In addition to trying to estimate the effect size of the
gun embodiment effect, we also conducted a prelimi-
nary investigation into whether any individual differences
moderate the gun embodiment effect. Understanding
whether these embodiment effects can be moderated is
critical because, if moderators exist that influence the
extent to which embodiment influences social cogni-
tion, this is evidence that the pathway from embodiment
to social cognition is flexible and malleable. This would
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provide leverage points for interventions to reduce false
gun perceptions that lead to fatal shootings. In contrast,
if the effect is consistent across all individual differences,
this suggests this embodiment effect on social cognition
is automatic and stable. Such a universal, fixed bias might
be difficult to alleviate with training.

There are instances in the literature showing modula-
tion of embodiment effects (Landau et al. 2010; Meier
et al. 2004, 2012; Sherman and Clore 2009; Sugovic and
Witt 2013). These studies lend credence to the idea that
embodied pathways for social cognition are affected by
the context of the individual and the situation. Yet, theo-
ries of embodiment continue to explore effects as though
the pathways were universal, stable, automatic, and fixed.
One reason may be that early research focused on dem-
onstrating the importance of embodied-related factors.
However, the time has come to move beyond demon-
strations and explore the underlying mechanisms and
potential moderators of embodiment effects in greater
detail. This is especially relevant given that many of the
prior findings have been challenged with respect to their
replicability (Wagenmakers et al. 2016). Understanding
the underlying mechanism and potential for modera-
tion of the gun embodiment effect would help to deter-
mine when embodiment effects should and should not be
present.

As an initial investigation, we selected a wide range of
individual differences measures including stable traits
such as the Big 5 personality traits and experience-
dependent measures such as being a gun owner or play-
ing first-person shooter video games. The purpose of
the study is to determine whether any moderators exist,
which speaks to the nature of the gun embodiment effect,
rather than to test specific hypotheses about particular
relationships. Nevertheless, certain measures were moti-
vated by theoretical considerations. One such measure
was prior experience, either with guns themselves or with
first-person shooter video games. Motor experience plays
a central role in embodiment literature, with people who
have expertise showing stronger effects of embodiment
when watching others (Calvo-Merino et al. 2005) and
when comprehending action-based sentences (Beilock
et al. 2008). Thus, we expected that people with prior gun
or gaming experience would show a stronger gun embod-
iment effect.

We also predict that the certain personality traits such
as neuroticism and extraversion would moderate the
gun-embodiment effect. Individuals who score higher
on neuroticism are more likely than those who score low
to experience anxiety, anger, and depressed mood espe-
cially when under stress (Griffith et al. 2010), and are
more likely to interpret ambiguous situations as threaten-
ing (Lommen et al. 2010). The specific hypothesis in this
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study is that participants who score high on neuroticism
will exhibit a stronger gun-embodiment effect because
the gun will likely induce a more stressful situation that
will promote more negative emotions, which may lead
to an increased bias to see guns. Individuals that score
high on measures of extraversion are warm, gregarious-
ness, assertive, hyperactive, excitement seeking, and
tend to experience positive emotion when compared
to individuals that score low on extroversion (Jylhd and
Isometsd 2006; Lucas et al. 2000). Those high in extraver-
sion are also more likely to struggle inhibiting prepotent
responses (Helmers et al. 1997). As such, we hypothe-
sized that participants who score higher on extraversion
will exhibit higher gun-embodiment effects.

We also included a behavioral measure of impulsivity.
Impulsivity involves a tendency to act with little to no
forethought, reflection, or consideration of consequences
(Evenden 1999). High behavioral impulsivity is char-
acterized by behavior that is poorly conceived, hastily
expressed, unnecessarily risky or inappropriate to context
or situational factors, and often results in undesirable
consequence. We predicted that participants who are
higher in impulsivity would exhibit higher gun-embod-
iment effects. This would be consistent with the idea
that merely wielding a gun creates a prepotent response
to shoot, which would be more difficult for participants
with high impulsivity to inhibit.

We explored whether participants who have more
positive attitudes toward guns will show stronger gun-
embodiment effects. If so, this raises the possibility that
positive attitudes modulate embodiment such that peo-
ple who have more positive attitudes are more likely to
incorporate the gun into their bodies and thus perceive
others accordingly. Such a finding would go strongly
against the perhaps implicit ideas of embodiment being
automatic and instead suggest a component that can be
intentional.

Just as attitudes about guns might moderate the gun-
embodiment effect, attitudes toward one’s ability to
exert control over the environment might also moder-
ate the effect. Participants with greater internal locus of
control could exhibit higher gun-embodiment effects
because these individuals feel that they have more con-
trol over the environment and thus may be more influ-
enced by changes in their action capabilities and how
those changes impact what they can. This result would
demonstrate that attitudes toward one’s ability to act in
and exert control over the environment are relevant for
embodied effects.

Current study
The study reported on herein had two aims. The primary
aim was to replicate the gun embodiment effect (the
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effect of wielding a gun on biases to report seeing a gun
found in previous research; Witt and Brockmole 2012)
using a larger sample of the population. A secondary aim
was to identify whether individual differences, including
differences in the Big Five personality traits, sensation
seeking, impulsivity, emotion dysregulation, locus of con-
trol, and experience with, as well as attitudes regarding,
guns moderate the previously established gun embodi-
ment effect.

Experiment 1

Method

Participants

Participants were 212 students at Colorado State Uni-
versity (CSU) who received course credit in exchange for
their participation. This sample size gives us 80% power
to find statistical significance at @ =0.05 for a one-sample
t-test with an effect size of d=0.19 and also 80% power
to find statistical significance for a correlation of r=0.19.
The sample was 71.1% female, 84.3% White, 82.9% non-
Hispanic, and had a mean age of 19.2 years (SD =1.54).
The study had the approval of the Colorado State Univer-
sity Institutional Review Board.

Procedure
Participants completed the gun perception task and a
variety of individual differences measures.

Gun perception task

The first task participants completed was the gun percep-
tion task. For this task, participants stood approximately
5 feet away from a 55” liquid crystal display television
screen and responded to a series of images. The images
contained a White person, dressed in black and wear-
ing a black ski mask, who was holding either a black gun
pointed at the camera or a white shoe held perpendicular
to the line of site to the camera (see Fig. 1). The images
were taken from screen shots of movies filmed in 19 dif-
ferent locations. For each location, one movie was made
with the gun and another with the shoe, and the screen
shots selected attempted to make as much of the scene
and man’s stance identical between the two images. The
38 images were the same as those used in the previous
study (Witt and Brockmole 2012).

Participants completed two blocks of trials, which
varied only in the object they used to respond. For one
block, participants held a Wii gun (21.6 cm length,
3.8 cm width, 12.7 cm height). For the other block, par-
ticipants held a spatula (34.3 cm length, 10 cm width,
3.1 cm height, Oxo brand). Motion tracking markers
were affixed to each object to track the trajectories of
the participants’ movements (see Fig. 2). Movements
were measured using a Vicon 3D motion tracking
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Fig. 1 Sample stimuli of the shoe (left) and gun (right) conditions

Fig. 2 Objects held during the experiment. The markers were affixed
to the objects to track the participants' movements

camera system (Vicon Nexis 2.0, Vicon Bodybuilder
3.6.1, and Bonita 10 Camera) that tracked the location
of the markers on each object in X, Y, and Z coordi-
nates. The Z-coordinate corresponds to up and down
and was the coordinate used to determine movements
(see “Data Preprocessing” section). The first object held
was counterbalanced across participants.

At the start of each trial, the participant placed the
held object (gun or spatula) onto a wireless mouse that
was affixed to a music stand (see Fig. 3). Depressing
the mouse button was necessary to start the trial. An
initial series of practice trials used arrows to help par-
ticipants become familiar with the task. Upon pressing
the mouse button, an up or down arrow would appear,
and participants would move their object off the mouse

Fig. 3 Photograph of the experimental set up for the gun task

and point up or down as indicated by the arrow. They
were instructed to initiate their response only once
they knew which direction to move and to make the
movement in one smooth motion. Participants were
reminded of this instruction throughout the experi-
ment as needed. Participants completed 12 practice tri-
als, 6 in each direction, and order was randomized.

For the test trials, text on the screen said “Get ready” to
instruct participants to place the object onto the mouse.
Once the mouse was depressed, a blank screen with a
fixation cross was presented for a randomly selected
delay between 500 and 1000 ms. The delay duration was
randomized to minimize anticipatory responses. One of
the test images was then presented. As displayed on the
screen, it measured 57.5 x 96.8 cm. The image remained
on the screen for 850 ms or until participants released
the mouse button. Participants moved up when they saw
a gun and moved down when they saw a shoe. Then a
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blank screen with three asterisks was presented until the
research assistant coded the movement. The research
assistant coded movements as 1 for up, 2 for down, and
3 for an error such as slipping off the mouse or reversing
directions, then the next trial began. Due to a program-
ming error, the experimenter’s entry was not recorded
for the first group of participants. For analysis, we used
the motion tracking data unless it was missing due to the
cameras being unable to detect the sensors, in which case
we used the experimenter’s entry instead.

Participants completed two blocks of trials, one for
each held object. Order of held object was counterbal-
anced. Each block contained 152 trials, which included
two presentations of each of the 38 images and of a
mirror-reversal version of each. Order within block was
randomized.

Measures of individual differences

Participants then completed several self-report meas-
ures of individual factors via laptop computer and the
Qualtrics survey platform (Qualtrics Inc 2019). First,
participants indicated how often they use a gun. Possi-
ble responses were ‘never, ‘less than once a year, ‘1 to 5
times per year, ‘6 to 12 times per year, and ‘13 or more
times per year. The frequency was later dichotomized
into ‘never’ and ‘at least once’ for purpose of the analy-
sis. Participants were also asked whether they play gun-
oriented video games 4 or more hours per week, and
responded with either a yes or no. Following, partici-
pants completed the Gun Attitudes Scale (Tenhundfeld
et al. 2020), which measured a general attitude toward
gun use. Next, they completed an assessment of the Big
Five Personality Traits (John and Srivastava 1999), which
measured extroversion, conscientiousness, agreeable-
ness, neuroticism, and openness to experience. The Sen-
sation Seeking Personality Type (SSPT) scale (Conner
2019) was used to assess sensation seeking. The SSPT
contains two subscales, experience seeking, which meas-
ures an individual’s propensity for seeking novel experi-
ences, and risk seeking, which measures an individual’s
willingness to take risks. The UPPS+DP scale (Lynam
et al. 2006; Whiteside and Lynam 2001) was administered
to measure impulsivity-related traits including posi-
tive urgency, negative urgency, lack of perseverance, and
lack of premeditation. Emotion dysregulation was meas-
ured using the Difficulty with Emotion Regulation Scale
(DERS) (Gratz and Roemer 2004), which assesses vari-
ous aspects of emotion regulation, including emotional
clarity, emotional awareness, emotionally driven impul-
sivity, emotional non-acceptance, difficulty engaging in
goal-directed behavior while emotionally distressed, and
access to emotion regulation strategies. Finally, partici-
pants completed the Levenson Multidimensional Locus
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of Control Scales (Levenson 1973), which measured a
participant’s locus of control related to Internal Locus of
Control, Powerful Others, and Chance.

Following the surveys, participants completed the
Stop Signal Task, a behavioral measure known to cor-
relate with inhibition and impulsive responding (Lappin
and Eriksen 1966; Li et al. 2006). During this task, par-
ticipants were shown a large, gray box on the computer
monitor. In the box, a target moved from one side of the
screen to the other. Participants were instructed to click
on the target before it reached the other side. On 20% of
the trials a whistle sounded at varying delays (50, 150,
250 and 350 ms) after trial initiation. On such trials the
participant was instructed to inhibit the click response.
A total of 120 trials (24 stop signal, 96 no signal) were
included in each session. The percent correct responses
were calculated for trials without the stop signal, and for
each stop signal delay. Percent correct is inversely related
to impulsivity.

Data preprocessing and planned analyses

For each participant, there were 3 data files: two motion
tracking files that coded the x, y, and z-coordinates for
each object held (spatula and gun) and one file that coded
the stimuli, response time (RT) and experimenter’s cod-
ing of the movement. We used custom code to align the
three data files. Alignment could not be achieved for
19 participants due to noise or issues with the motion
tracking data. For 9 of these participants, hand-coded
responses were available and used; data were excluded for
the remaining 10 participants. Motion tracking data were
missing for one or both conditions for 20 participants, so
their data were excluded. Of the 182 participants in the
final analysis, trials with no movement were excluded.
This comprised less than 0.5% of the data.

The next step was to classify the movement on each
trial. Movements were classified based on the verti-
cal position of the object during each trial. Thresholds
for moving up and for moving down were calculated as
30% above and below the median location. Trials with
movements that did not reach either threshold were
categorized as no movement trials and excluded. Trials
with movements that reached both thresholds were cat-
egorized as reversals and coded as errors. Experimenter
entry was used to verify coded motion tracking data and
resolve any discrepancies.

Data analyses were done in R (R Core Team 2017). A
critical question was whether there was a difference in
responses when holding a gun versus holding a spatula.
Scores were computed for each of the hold conditions
(gun and spatula) and analyzed with a paired-samples
t-test. Another critical question was whether the gun
embodiment effect correlated with other individual
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differences and these data were analyzed with Pear-
son correlations. For both the ¢-tests and the correla-
tions, we calculated Bayes factors (BFs) using the R
BayesFactor package with the default Cauchey prior
(Morey et al. 2014). BFs are presented as the Bayes fac-
tor in favor of the alternative (BF,), so values greater
than 1 are evidence in favor of the alternative over the
null hypothesis with values greater than 3 and greater
than 10 constituting substantial and strong evidence,
respectively (Jefferys 1990; Lakens 2016). Values
less than 1 are evidence in favor of the null over the
alternative hypothesis, and values less than 0.33 and
less than 0.10 are considered substantial and strong
evidence for the null hypothesis over the alterna-
tive, respectively. Cohen’s d, was calculated using the
cohensD function in the Isr package (Navarro 2015).

Multiverse analysis plan

To eliminate effects of experimenter degrees of free-
dom, we conducted a multiverse analysis (Steegen
et al. 2016). For a multiverse analysis, the same test
(e.g., the paired-sample ¢-test) is calculated many
times for each possible variation such as variations in
the dependent measures used or variations in outlier
exclusion. For the current study, there were four forks
in the “garden of forking paths” (Gelman and Loken
2013). One fork concerned the dependent measure,
which could be accuracy, signal detection measures
of A’ and B, or reaction time. The other 3 forks con-
cerned outlier exclusion. For reaction times, outliers
can be determined on the basis of raw reaction times,
mean reaction times, or differences in reaction times.
For other measures, outliers can be determined on the
basis of mean scores or differences in scores. At each
fork, we conducted a multiverse with three criteria: no
outliers excluded, outliers beyond 3 times the inter-
quartile range (IQR), and outliers beyond 1.5 times the
IQR. The multiverse analysis showed consistent pat-
terns regardless of the outlier criteria selected (Addi-
tional file 1). This suggests the effects (or lack thereof)
are robust to outlier exclusion. Thus, for ease of pres-
entation, only one path for each dependent measure
is presented in the Results section. This path used the
criteria of excluding RTs that were beyond 1.5 times
the subject- and stimulus-specific IQR and exclud-
ing both mean scores and difference scores that were
beyond 1.5 times the group’s IQR for each dependent
measure assessed. Because this criterion was applied
based on the specific measure being analyzed, dif-
ferent participants were excluded, and the degrees of
freedom differed across the various analyses.
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Results

The analyses are split into two sections that coincide with
the two aims: replicating the gun embodiment effect and
determining whether individual differences moderate the
effect.

Gun embodiment effect

The gun embodiment effect was originally defined as the
bias to report the presence of a gun more often when
holding a gun than when holding a neutral object. To
quantify this bias, we calculated the nonparametric sig-
nal detection theory measures of A’ and B”. A’ provides a
nonparametric measure of discriminability, which refers
to the ability to distinguish when a gun versus a shoe is
present. B” provides a nonparametric measure of bias,
which refers to the tendency to report that a gun (or a
shoe) is present. For each participant for each hold con-
dition, we calculated hit rates and false alarm rates based
on the proportion correct scores (see Fig. 4). Hits refer to
when a gun was present and the participant reported that
a gun was shown in the picture (i.e., an up movement).
False alarms refer to when a shoe was present but the
participant incorrectly reported that a gun was shown.
From the hit and false alarm rates, we calculated A’ and
B’ scores based on formulas in Stanislaw and Todorov
(1999). B” scores could not be computed for 4 partici-
pants due to perfect performance (100% hits and 0% false
alarms) in one of the conditions.

We conducted a paired-samples ¢-test between the
B’ scores when holding the gun and the B” scores when
holding the spatula. The effect was not statistically signif-
icant, and the Bayes factor showed 7 times more support

Hold Gun

Proportion Correct
0.88 090 0.92 0.94 096 098 1.00
1

Gun Shoe
Stimulus Object
Fig. 4 Proportion correct is plotted as a function of the hold
condition and the stimulus object (gun and shoe). Error bars are 1
SEM calculated within-subjects and are approximately the same size
as the symbols
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for the null hypothesis than the alternative, £(146)=0.95,
p=0.34, BF=0.14, d,=0.08, 95% CI [—0.08, 0.24]. The
original paper (Witt and Brockmole 2012) reported a
significant difference in B” scores between holding a gun
versus a neutral object. The current analysis showed a
clear failure to replicate this effect (see Fig. 5).

The original research showed a gun embodiment effect
on the bias scores but no effect on reaction times. In
contrast, the current study showed no effect on the bias
scores but an effect on reaction times (RTs). We calcu-
lated mean RTs for each participant for each hold condi-
tion and for each stimulus condition, and then calculated
the difference in mean RTs to respond to a gun compared
with a shoe for each hold condition. These two differ-
ence scores were analyzed with a paired-samples ¢-test
to determine whether the speed to respond to a gun ver-
sus a shoe differed when holding a gun versus a spatula.
The effect was statistically significant, and the Bayes fac-
tor showed over 10 times more support for the alterna-
tive than the null hypothesis, #(159)=3.29, p=0.001,
BF=14.98, d,=0.26, 95% CI [0.10, 0.42], Myz=6 ms,
95% CI [2, 10 ms], 59% of participants showed a positive
effect (see Figs. 6, 7).

The data also showed a significant gun embodiment
effect on accuracy (see Fig. 4). Accuracy was calcu-
lated as the difference score in the proportion of correct
responses when seeing a gun minus when seeing a shoe
for both the hold gun and hold spatula conditions. This
difference score was larger when holding a gun than when
holding a spatula, #(142)=3.07, p=0.003, BF=38.19,
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-0.5
I
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Gun B"
Fig.5 B" scores when holding the spatula are plotted as a function
of B” scores when holding the gun. Each point corresponds to one
participant. Lower B” scores indicate more bias to respond that a gun
is present. The line represents equality between the two conditions.
The gun embodiment effect would be expressed as more points
above the equality line, which would mean more bias to respond that
a gun is present in gun condition than the spatula condition

80 60 40 20 0 20 40

Gun RT (ms)

Fig. 6 RT difference scores when holding the spatula are plotted
as a function of RT difference scores when holding the gun. Larger
difference scores indicate increased time to respond when seeing a
shoe relative to responding when seeing a gun. The line represents
equality between the two conditions. The gun embodiment effect
would be expressed as more points below the equality line, which
would mean slower responses to seeing a shoe (vs a gun) in the hold
gun condition compared with the hold spatula condition. These
data were calculated using the 1.5xIQR criteria for outlier decisions
(second to left column and bottom row in the multiverse)
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d,=0.26, 95% CI [0.09, 0.42], SD4¢=1.4%, 95% CI [0.5,
2.3%), 58% of participants showed a positive effect.

To summarize the results thus far, the gun embodiment
effect was present. However, the gun-embodiment effect
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Reaction Time (ms)
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570
1

Gim SHoe
Stimulus Object

Fig. 7 Mean reaction time is plotted as a function of the stimulus
object (gun and shoe) and the hold condition (gun and spatula).
Error bars are 1 SEM calculated within-subjects. The gun embodiment
effect is shown by the steeper solid line compared with the dashed
line. This shows slower reaction time to respond that a shoe is present
versus gun is present when holding a gun compared with when
holding a spatula
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did not express itself in bias scores, as had been found in
the original research (Witt and Brockmole 2012). Instead,
the gun embodiment effect expressed itself in reaction
time and in accuracy. Regardless of how the gun embodi-
ment effect was measured, the effect was small (d,=0.26
for both two measures). To achieve 80% power to obtain
a p value<0.05 for an effect of d,=0.26, an experiment
would need approximately 118 participants (or 93 partic-
ipants with a one-sided ¢-test). That power was achieved
in the current study, so we next assessed whether any
individual differences moderated the gun embodiment
effect.

Individual differences as moderators of the gun embodiment
effect

The next research question pertained to the universal
nature of the gun embodiment effect. If no individual dif-
ferences measures moderate the magnitude of the gun
embodiment effect, this would be evidence for a univer-
sal and fixed effect. In contrast, if some individual differ-
ences cause the gun embodiment effect to amplify, or to
be eliminated, this would suggest the effect is malleable
and flexible.

Before exploring moderators, we had to select which
dependent measure to use to quantify the gun embodi-
ment effect. To do individual differences research, it
is necessary that a measure have high reliability. Also,
even if a measure does not show a main effect, it can
still show a correlation (Miller and Schwarz 2018).
We evaluated the reliability of the gun embodiment
effect as measured with reaction times, accuracy, and
bias scores. For each score, we calculated the relevant
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difference score on the odd trials and on the even trials
(split based on condition) and calculated the correla-
tion between the two. Only RTs showed high reliability
(see Fig. 8). Thus, all subsequent analysis involved only
the gun embodiment effect as measured with RTs.

We calculated the correlation between the gun
embodiment effect (measured with RT difference
scores) and each of the individual differences measures.
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Overall, there were few correlations of any notable
magnitude (see Fig. 9).

The largest effect was the correlation between prior gun
experience and the gun embodiment effect, r=—0.25,
p=0.002, BE=18. Given that gun experience was coded
into binary categories of never and at least once, we ran a
t-test. A two-sample t-test revealed that gun experience
affected the gun embodiment effect, t=3.26, df=133.62,
p=0.001, BF=15, d=0.53, 95% CI [0.19, 0.87]. As
shown in Fig. 10, the gun embodiment effect was present
for people who had never used a gun, t=4.57, df=91,
»<0.001, BF>1000, d=0.48, 95% CI [0.26, 0.69], but the
gun embodiment effect was not present for people who
had used a gun, t=—0.19, df=560 p=0.84, BF=0.15,
d=0.03,95% CI [—0.23, 0.28].

That gun experience modulates the gun embodiment
effect is direct evidence against the idea that the gun
embodiment effect is universal and fixed. Instead, the
result suggests the effect is malleable and can be modified
with prior experience. However, this conclusion is not
fully supported by the data. When we looked at the gun
embodiment effect as measured with accuracy scores,
people with prior gun experience showed some tendency
toward the gun embodiment effect, £¢=1.92, df=56,
p=0.060, BF =0.80, d=0.25, 95% CI [—0.01, 0.51] (see
Fig. 11). This hint of an effect with accuracy scores casts
doubt on whether people with prior gun experience are
truly immune to the gun embodiment effect. We return
to this issue in Experiment 2.

Regarding the other correlations, only one other cor-
relation was close to significance. This was the correla-
tion between extroversion and the gun embodiment
effect, as measured with reaction time, r=0.22, p =0.006,
df=146, BE=7 (see Fig. 12). Bonferroni correction for
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Fig. 10 Mean gun embodiment effect (measured with reaction time)
is plotted as a function of prior gun experience. Error bars are 1 SEM
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Fig. 11 Mean gun embodiment effect (measured with proportion
of correct responses) is plotted as a function of prior gun experience.
Error bars are 1 SEM

multiple comparisons would set the alpha equal to 0.002
(0.05/25 comparisons), in which case, this result would
not be deemed significant. Bonferroni is perhaps overly
conservative, although the same conclusion of failing to
achieve significance resulted from Benjamini—Hochberg
correction as well. However, the Bayes factor showed the
data provided substantial support for the alternative over
the null hypothesis. Together, the conclusions are mixed.
We think it best to treat this finding as preliminary and a
possible avenue for future exploration but not definitive
evidence for modulation of the gun embodiment effect.
None of the other factors showed significant correla-
tions with the gun embodiment effect. In a few cases, the
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Gun Embodiment Effect (ms)

Extroversion
Fig. 12 Mean gun embodiment effect (measured with reaction time)
is plotted as a function of extroversion. Each circle represents one
participant. Line represents linear regression
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correlation could be present, but we did not have enough
power to detect it. We had approximately 80% power to
detect a correlation of r=0.23, so perhaps some of the
correlations were smaller than this value (see Fig. 9).

In other cases, there was substantial evidence from
Bayes factors that no correlation existed between the
measure and the gun embodiment score. Measures with
Bayes factors less than 0.33 (and thus have substan-
tial evidence for the null hypothesis over the alternative
hypothesis) included 5 of the 6 measures of Difficulty
with Emotion Regulation scale (DERS; (Gratz and Roe-
mer 2004), 3 of the Big 5 personality measures (agreea-
bleness, openness, and conscientiousness), the 3 locus of
control measures (Levenson 1973), and the 4 measures of
impulse-related traits (Lynam et al. 2006; Whiteside and
Lynam 2001). These items were some of our best guesses
as to factors that would moderate the gun embodiment
effect. That so few correlations emerged, and that so
many even had substantial evidence for the null hypoth-
esis, speaks to a robustness and inflexibility of the gun
embodiment effect, even if the effect is small.

Discussion

The goal of Experiment 1 was first to attempt to repli-
cate the gun embodiment effect and second to determine
whether any individual differences modulate the effect.
The data showed strong support for the gun embodiment
effect. However, in contrast to the previously published
research (Witt and Brockmole 2012), the current results
show the effect is small (d,=0.26) and the gun embodi-
ment effect is more likely to be expressed in reaction time
or accuracy rather than the nonparametric signal detec-
tion measure of bias.

Regarding the second goal, we conducted 25 vari-
ous tests for modulation. Two of these tests suggested
modulation. One was the personality measure of extro-
version. We had predicted that people higher in extro-
version would show a stronger gun embodiment effect
because they are more likely to make rash decisions and
to act without forethought. However, the p value did not
reach statistical significance after Bonferroni correction.
The other effect related to prior gun experience. When
measured using reaction times, people with prior gun
experience did not show a gun embodiment effect. How-
ever, there was a hint of an effect when we used accu-
racy instead. To further explore this issue, we conducted
Experiment 2, which used the same gun embodiment
task but with a different gun.

Experiment 2

Often, embodiment effects are stronger, not weaker, for
people who have motor expertise (Beilock et al. 2008;
Calvo-Merino et al. 2005). In contrast to these reported
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patterns, the results in Experiment 1 showed a reduction
in the gun-embodiment effect for those who had prior
experience using a gun, at least when measured using
reaction time. This raised the possibility that the plastic
toy gun was treated as being like a gun for novices, and
thereby producing a gun-embodiment effect, but treated
like a toy for those with experience, and thereby not pro-
ducing a gun-embodiment effect. One way to test this
possibility is to use a different kind of gun for the task.
In Experiment 2, we administered the same gun percep-
tion task as Experiment 1, but instead of a white plastic
Wii gun, we used an airsoft gun, which has slightly more
resemblance to a real gun (see Fig. 13).

In interest of full disclosure, Experiment 2 was con-
ducted prior to Experiment 1 and therefore was con-
ducted without having a good estimate of the effect size
with which to do a power analysis. We recruited many
participants who had at least some prior gun experi-
ence (n=124) but not many without any gun experience
(n=45). We choose to include the data anyway because
the results impact how the outcomes from Experiment
1 are interpreted. Specifically, a take-away message from
Experiment 1 could be that gun experience is sufficient
to prevent a gun-embodiment effect. The results from
Experiment 2 invalidate this conclusion.

Method

The participants were 169 student volunteers from Colo-
rado State University who were recruited in 2014—2015.
The images were the same as in Experiment 1. The
objects wielded by the participant were an airsoft gun
(see Fig. 13) or the spatula used in Experiment 1. The
gun perception task was the same as in Experiment 1.

Fig. 13 Image of the gun used in the Experiment 2
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Afterward, participants completed a questionnaire that
asked whether they owned or had ever used a gun.

Results

RTs were trimmed by excluding RTs beyond 1.5 times the
interquartile range for each participant for each stimulus
condition (gun, shoe). Mean RTs were then calculated
for each participant for each stimulus condition and for
each hold condition (gun, spatula). The gun embodiment
score was calculated as the difference in RTs when see-
ing a gun versus a shoe when holding the gun minus the
difference in RTs when holding the spatula. Outliers were
determined by having a gun embodiment score beyond
1.5 times the interquartile range for that specific experi-
ence group; 9 participants were identified as outliers and
removed. Mean RTs are shown in Table 1.

There was an insufficient number of participants with
no gun experience to have adequate power; only 55%
power to detect an effect size of d,=0.26 with a one-sided
one-sample f-test. Thus, we report descriptive statistics
only. The mean gun embodiment effect for those with no
gun experience was similar to that found in Experiment
1, M=9.30 ms, 95% CI [1.83, 16.67], SEM = 3.70.

The critical test was whether the gun embodiment
effect would be observed in people who had prior gun
use. We ran a one-sample ¢-test with gun embodiment
scores as the dependent measure, which was signifi-
cant, t=4.06, df=115, p<0.001, M=9.73 ms, 95% CI
[4.99, 14.48], BF=194, d,=0.38, 95% CI [0.19, 0.56] (see
Fig. 14). This finding is critical because it shows that even
people who have prior gun experience can be prone to
the gun embodiment effect.

Accuracy (calculated as the proportion of correct
responses) is shown in Table 2. Seven participants with
at least one prior gun experience were identified as outli-
ers for having difference scores greater than 1.5 times the
group’s IQR and were excluded; one participant with no
prior gun experience was similarly excluded. Their data
are not included in Table 2 or the analyses. For partici-
pants with prior gun experience, the gun embodiment
effect as measured with proportion of correct responses
was approximately 1%, ¢=2.05, df=108, p=0.043,
M=0.012, 95% CI [0, 0.02], BE=0.79, d,=0.20, 95% CI
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Fig. 14 Mean gun embodiment scores as a function of gun
ownership and gun gaming status. The dashed line at 0 represents no
gun embodiment scores, and more positive values indicate greater
gun embodiment scores. Error bars are 1 SEM

[0.01, 0.39]. For participants with no prior gun experi-
ence, the magnitude was similar, M=0.009, 95% CI
[—0.01, 0.03], SEM =0.01, n=43.

Regarding nonparametric signal detection measures, A’
scores for each held object for each gun experience group
were greater than 0.95, and differences between held
object conditions were less than 0.01. This shows that
discriminability was high. B”, which is a measure of bias,
showed a consistent bias to respond that the gun was pre-
sent (see Table 3). This bias was stronger when holding a
gun than when holding the spatula, as shown by the posi-
tive difference scores. For the group with prior gun expe-
rience, this difference was significant but the evidence
for the effect was weak, t=2.25, df=114, p=0.027,
M=0.10, 95% CI [0.01, 0.19], BF=1.15, d,=0.21, 95% CI
[0.02, 0.39]. There were not enough participants with no
prior gun experience to run inferential statistics.

Discussion

The results from Experiment 2 show that people with
prior gun experience can be prone to the gun embodi-
ment effect. From a practical perspective, the results

Table1 Mean RTs (and between-subject standard Table2 Mean proportion of correct responses (and
deviations) in ms for Experiment 2 between-subject standard deviations) for Experiment 2
Prior gun experience Hold gun Hold spatula Prior gun experience Hold gun Hold spatula
At least once See gun 574 (78) 585 (79) At least once See gun 94(12) 94 (13)

See shoe 614 (77) 615 (74) See shoe 86(14) 88 (.13)
None See gun 567 (74) 570 (68) None See gun 97 (03) 93(12)

See shoe 607 (78) 601 (82) See shoe 88(.10) 84 (17)
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Table3 B” scores (and between-subjects standard
deviations) for each held object for both prior experience
groups (top two rows) and the difference between B’
scores between the held objects for each prior experience
group (bottom row)

Prior gun experience

At least once None
Gun — 56 (36) — 63 (33)
Spatula — 45 (46) — 46 (43)
Difference .10 (49) 16 (.36)

More negative B” scores (top two rows) indicate a bias to respond that a gun is
present, and more positive difference scores (bottom row) indicate a stronger
bias to respond that a gun is present when holding a gun compared with when
holding a spatula

from Experiment 2 offer an important advancement,
namely that even people with prior experience using guns
can be susceptible to the gun embodiment bias. From a
theoretical perspective, the primary finding of modula-
tion of the gun embodiment effect found in Experiment
1 was not found in Experiment 2. Instead, there may be
some modulation as to whether the gun embodiment
effect is expressed in terms of reaction time versus accu-
racy. Future research is needed to determine when the
effect expresses itself in each way.

General discussion

The gun embodiment effect is the decrement in perfor-
mance at detecting whether another person is holding
a gun or a neutral object when the perceiver also wields
a gun. When wielding a gun, perceivers were worse at
detecting the presence of a neutral object. The current
paper had two goals. The first was to attempt to replicate
the original work using a bigger sample size to get a bet-
ter estimate of the size of the effect. The effect was repli-
cated, albeit in accuracy and speed rather than a specific
measure of bias. Across the whole sample, the effect size
was, fortunately, small (approximately d,=0.26).

Gun embodiment effect: replication, magnitude,

and measures

Previously, the gun embodiment effect was found with a
measure of bias: participants were more biased to report
that a gun was present when also holding a gun (Witt
and Brockmole 2012). The previous experiments were
under-powered, and a p-curve analysis raises concern
about the veracity of the gun embodiment effect. Given
the replication crisis in psychology in general (Open Sci-
ence Collaboration 2015), concerns about replicability for
embodied social cognition in particular (Wagenmakers
et al. 2016), and the real-life implications of biases such
as the gun embodiment effect, we deemed it necessary to
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attempt to replicate the gun embodiment effect. In addi-
tion to replication, we attempted to pinpoint the magni-
tude (if any) of the bias.

In the original gun embodiment research (Witt and
Brockmole 2012), the gun embodiment effect was found
in the nonparametric signal detection measure of bias.
Bias measures a tendency in people’s responses or a bias
in their perceptions. When holding the gun compared to
holding a neutral object, participants were more biased
to respond that a gun was present. In the current experi-
ment, there were no differences in bias across the two
hold conditions. This reveals a failure to replicate the gun
embodiment effect (Witt and Brockmole 2012). However,
performance in this task can also be measured in terms
of accuracy or in terms of reaction time. With both these
measures, the gun embodiment effect was present: when
holding a gun compared with holding a spatula, partici-
pants were slower and less accurate to respond that a
shoe was present. In other words, performance at detect-
ing a neutral object suffered when holding a gun com-
pared with holding a spatula.

The different patterns of results between the original
research and the current research raises the question of
the true nature of the gun embodiment effect. One possi-
bility is that the nature of the bias has changed over time.
The media is currently rife with examples of police offic-
ers reporting that they thought they saw a gun being held
by what turned out to be an unarmed victim. Perhaps this
media exposure has led to a shift in the gun embodiment
effect from an influence on bias to an influence on reac-
tion times. However, without specific measures to test
this hypothesis and thus no evidence to support it, we
find it more likely that the original research mischarac-
terized the effect in the first place. The original work used
small samples sizes, which means the reported results
could have reflected spurious effects in bias and missed
the small effects on reaction time. The larger sample sizes
in the current research encourages greater belief in the
present results even though the original work was pub-
lished first.

The differences between the current findings and the
original research raise concerns about the other findings
previously published. For example, we had found a simi-
lar bias to report that a shoe was present when holding
a shoe as the bias to report that a gun was present when
holding a gun. This finding challenged the idea that it was
the action capabilities of the observer, per se. Instead, the
finding suggested the effects may be due to co-represen-
tation between objects and actions, as suggested by the
common coding approach and the theory of event coding
(Hommel et al. 2001; Prinz 1997). We recommend this
experiment be replicated to determine whether the effect
is specific to being able to act with an object.
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The current experiment was powered to be able to find
an effect as small as d,=0.22. When the effect was meas-
ured using reaction times, the effect size was approxi-
mately d,=0.26, and the difference was approximately
6 ms. With accuracy (measured as the proportion of
correct responses), the effect size was approximately
d,=0.26, and the difference was approximately 1%. Both
measures show effects that are considered small (Cohen
1988). It is possible that decreasing time to respond
would increase the impact of wielding a gun on accuracy,
as has been shown in other shoot-no shoot paradigms
(Correll et al. 2002).

Small effects can have important real-world implica-
tions, particularly if they are additive over time (Funder
and Ozer 2019). If a policeperson interacts with 10
unarmed people a day and works 250 days per year, given
a rate of misjudging a gun to be present at 1%, this would
be 25 people who are mistakenly judged to be carrying a
gun per policeperson per year. Even if the gun embodi-
ment is characterized as a small effect, it has real-world
implications.

Individual differences and the gun embodiment effect

One of the goals of the present research was to determine
whether the gun embodiment effect is universal and fixed
or flexible and malleable. Given the real-world implica-
tions of the gun embodiment effect, it is important to
know if the effect is flexible because this would open the
doors to potential developing of training programs. Our
strategy to address this question was to assess whether
the magnitude of the gun embodiment effect varied as
a function of individual differences related to prior gun
experience, attitudes, and personality. If the magnitude
of the gun embodiment effect was invariant across the
individual difference measures, that would provide evi-
dence consistent with a bias that is universal and fixed. In
contrast, if the magnitude of the gun embodiment effect
varied with even one individual difference measure, this
would be evidence for a bias that was not universal and
therefore potentially flexible and malleable.

What we initially took as strong evidence for malleabil-
ity was the significant difference in the gun embodiment
effect across people who did and did not have prior gun
experience. However, subsequent analyses cast doubt on
this difference. In Experiment 1, participants with prior
gun experience showed a tendency for a gun embodi-
ment effect in their accuracy scores, and in Experiment
2, participants with prior gun experience showed the gun
embodiment effect in reaction times to a similar extent as
participants who had no prior experience. We thus have
substantial evidence that people with prior gun experi-
ence show the gun embodiment effect and cannot argue
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that prior gun experience modulates the gun embodi-
ment effect.

Across all the other tests for modulation, we found
only one measure that possibly correlated with the gun
embodiment effect. People who were higher in extro-
version than others were more influenced by the gun
embodiment effect. However, the effect did reach the
criterion for statistical significance after Bonferroni
correction.

Despite all the measures, there was little evidence for
modulation of the gun embodiment effect. One possi-
bility is that modulation of the effect exists but was too
small to detect. Our studies were only powered to 80%
to find correlations of r=0.23 or larger. Another possibil-
ity is that we did not select the appropriate measures to
find modulation of the gun embodiment effect. Given the
breadth of our measures, including experience, attitudes,
personality, emotion regulation, and impulsivity, we
believe the initial exploration included many feasible pos-
sibilities, yet few significant correlations emerged. The
current evidence is more suggestive of a universal gun
embodiment effect than one that is flexible. However,
because this was the first attempt to uncover modulation,
more research may be needed.

Summary

The results show that wielding a gun can impact reac-
tion times and judgments of others as also holding a gun.
The gun embodiment effect was found both in speed to
respond and accuracy of the responses. The preliminary
evidence on individual differences is consistent with the
idea that the gun embodiment effect is robust and not
modulated by personality, prior experience, and a host of
other measures. Given the practical importance of find-
ing modulators for use as recruitment criterion or guid-
ance for developing interventions, future research should
continue to explore for factors that impact the gun
embodiment effect.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/541235-020-00260-3.

[ Additional file 1. Multiverse analysis. }

Acknowledgements
Not applicable.

Public Significance Statement: When police shoot an unarmed person,
the decision to shoot is sometimes based on a false perception that the
unarmed person was holding a gun. Several factors contribute to these false
perceptions such as stereotypes and implicit biases. Another factor is the bias
caused by wielding a gun. When wielding a gun, people are more biased
to see others as also holding a gun. Given this bias, it would be relevant to
know whether certain people are more prone to this bias as it could impact
hiring practices. It would also be relevant to know whether certain kinds of


https://doi.org/10.1186/s41235-020-00260-3
https://doi.org/10.1186/s41235-020-00260-3

Witt et al. Cogn. Research (2020) 5:58

experience could alleviate the bias as it could lead to training programs or
interventions to prevent the bias from leading to fatal false perceptions. Here,
we found neither kind of effect. The results are consistent with the idea that
the gun embodiment effect is universal and fixed rather than flexible and
malleable.

About the Authors

JKW is a Professor in the Department of Psychology at Colorado State Univer-
sity in Fort Collins, CO. JEP is a Ph.D. Candidate in the same department. NLT
was a graduate student in the lab of JKW and is now an assistant professor

in the Department of Psychology at University of Alabama in Huntsville,
Huntsville, AL.

Authors’ contributions

All authors helped design the procedure. JP and NLT ran participants and
trained undergraduate research assistants to run participants. JKW preproc-
essed the data, analyzed the data, and drafted the manuscript. JP and NLT
helped with references, taking photographs of experimental set-up, and
manuscript editing. All authors read and approved the final manuscript.

Funding
This work was supported by grants from the National Science Foundation to
JKW (BCS-1348916 and BCS-1632222).

Availability of data and materials

Materials, data, and analysis scripts can be found at https://osfio/gv2yk/.
During peer-review, a read-only link is available at https://osf.io/gv2yk/?view_
only=6148493b30694dfd81dd29e0615c38c1.

Ethics approval and consent to participate
The research was reviewed and approved by the Colorado State University
Institutional Review Board. Participants gave informed consent.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Author details
! Department of Psychology, Colorado State University, Fort Collins, CO 80523,
USA. 2 University of Alabama in Huntsville, Huntsville, AL, USA.

Received: 22 June 2020 Accepted: 2 November 2020
Published online: 16 November 2020

References

Anderson, C. A, Benjamin, A. J,, Jr, & Bartholow, B. D. (1998). Does the gun pull
the trigger? Automatic priming effects of weapon pictures and weapon
names. Psychological Science, 9(4), 308-314.

Anderson, C. A, & Bushman, B. J. (2001). Effects of violent video games on
aggressive behavior, aggressive cognition, aggressive affect, physiological
arousal, and prosocial behavior: A meta-analytic review of the scientific
literature. Psychological Science, 12(5), 353-359.

Anderson, C. A, Shibuya, A, Ihori, N., Swing, E. L, Bushman, B. J., Sakamoto,

A, et al. (2010). Violent video game effects on aggression, empathy, and
prosocial behavior in Eastern and Western countries: A meta-analytic
review. Psychological Bulletin, 136(2), 151.

Beilock, S. L, Lyons, I. M., Mattarella-Micke, A, Nusbaum, H. C., & Small, S.

L. (2008). Sports experience changes the neural processing of action
language. Proceedings of the National Academy of Sciences, 105(36),
13269-13273.

Berkowitz, L. (1984). Some effects of thoughts on anti-and prosocial influences
of media events: A cognitive-neoassociation analysis. Psychological Bul-
letin, 95(3), 410.

Berkowitz, L. (1990). On the formation and regulation of anger and aggression:
A cognitive-neoassociationistic analysis. American Psychologist, 45(4), 494.

Page 150f 17

Berkowitz, L., & LePage, A. (1967). Weapons as aggression-eliciting stimuli.
Journal of Personality and Social Psychology, 7(2), 202-207.

Blaesi, S., & Wilson, M. (2010). The mirror reflects both ways: Action influences
perception of others. Brain and Cognition, 72(2), 306-309.

Bohannon, J. (2014). Replication effort provokes praise—And ‘bullying’
charges. Science, 344, 788-789.

Cacioppo, J. T, Priester, J. R, & Berntson, G. G. (1993). Rudimentary determi-
nants of attitudes: Il. Arm flexion and extension have differential effects
on attitudes. Journal of Personality and Social Psychology, 65(1), 5.

Calvert, S. L., Appelbaum, M., Dodge, K. A, Graham, S., Nagayama Hall, G. C,,
Hamby, S., et al. (2017). The American Psychological Association Task
Force Assessment of violent video games: Science in the service of public
interest. American Psychologist, 72(2), 126.

Calvo-Merino, B, Glaser, D. E,, Grezes, J,, Passingham, R. E., & Haggard, P. (2005).
Action observation and acquired motor skills: An FMRI study with expert
dancers. Cerebral Cortex, 15(8), 1243-1249.

Chen, M., &Bargh, J. A. (1999). Consequences of automatic evaluation:
Immediate behavioral predispositions to approach or avoid the stimulus.
Personality and Social Psychology Bulletin, 25(2), 215-224.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Mahwah:
Erlbaum.

Conner, B.T. (2019). Development of the sensation seeking personality type tests.
(in Preparation).

Cooper, M. (1999). Officers in Bronx fire 41 shots, and an unarmed man is
killed. The New York Times.

Correll, J,, Cloutier, J,, & Mellinger, C. (2016). Discriminating perception.
Psychological Inquiry, 27(4), 281-285. https://doi.org/10.1080/10478
40X.2016.1215209

Correll, J., Park, B, Judd, C. M., & Wittenbrink, B. (2002). The police officer’s
dilemma: Using ethnicity to disambiguate potentially threatening indi-
viduals. Journal of Personality and Social Psychology, 83(6), 1314. https://
doi.org/10.1037//0022-3514.83.6.1314

Eberhardt, J. L, Goff, P. A, Purdie, V. J., & Davies, P. G. (2004). Seeing black: Race,
crime, and visual processing. Journal of Personality and Social Psychology,
87(6), 876.

Eron, L. D, Huesmann, L. R, Lefkowitz, M. M., & Walder, L. O. (1972). Does televi-
sion violence cause aggression? American Psychologist, 27(4), 253.

Essien, I,, Stelter, M., Kalbe, F, Koehler, A, Mangels, J,, & MeliB, S. (2017). The
shooter bias: Replicating the classic effect and introducing a novel para-
digm. Journal of Experimental Social Psychology, 70, 41-47.

Evenden, J. L. (1999). Varieties of impulsivity. Psychopharmacology (Berl), 146(4),
348-361.

Fincher-Kiefer, R. (2019). How the body shapes knowledge: Empirical support for
embodied cognition. New York: American Psychological Association.

Funder, D. C, & Ozer, D. J. (2019). Evaluating effect size in psychological
research: Sense and nonsense. Advances in Methods and Practices in
Psychological Science, 2(2), 156-168. https://doi.org/10.1177/2515245919
847202

Gelman, A, & Loken, E. (2013). A garden of forking paths: Why multiple
comparisons can be a problem, even when there is no “fishing expedition”
or ‘p-hacking” and the research hypothesis was posited ahead of time.

New York: Department of Statistics, Columbia University. https://doi.
org/10.7135/upo9781843313649.011

Gratz, K. L., & Roemer, L. (2004). Multidimensional assessment of emotion
regulation and dysregulation: Development, factor structure, and initial
validation of the difficulties in emotion regulation scale. Journal of
Psychopathology and Behavioral Assessment, 26(1), 41-54. https://doi.
org/10.1023/B:JOBA.0000007455.08539.94

Greenwald, A. G, Oakes, M. A, & Hoffman, H. G. (2003). Targets of discrimi-
nation: Effects of race on responses to weapons holders. Journal of
Experimental Social Psychology, 39(4), 399-405. https://doi.org/10.1016/
50022-1031(03)00020-9

Griffith, J.W, Zinbarg, R. E, Craske, M. G., Mineka, S., Rose, R. D., Waters, A. M., &
Sutton, J. M. (2010). Neuroticism as a common dimension in the internal-
izing disorders. Psychological Medicine, 40(7), 1125.

Hall, A. V., Hall, E.V., & Perry, J. L. (2016). Black and blue: Exploring racial bias and
law enforcement in the killings of unarmed black male civilians. American
Psychologist, 71(3), 175-186. https://doi.org/10.1037/a0040109

Helmers, K. F, Young, S. N, & Pihl, R. O. (1997). Extraversion and behavioral
impulsivity. Personality and Individual Differences, 23(3), 441-452.


https://osf.io/gv2yk/
https://osf.io/gv2yk/?view_only=6148493b30694dfd81dd29e0615c38c1
https://osf.io/gv2yk/?view_only=6148493b30694dfd81dd29e0615c38c1
https://doi.org/10.1080/1047840X.2016.1215209
https://doi.org/10.1080/1047840X.2016.1215209
https://doi.org/10.1037//0022-3514.83.6.1314
https://doi.org/10.1037//0022-3514.83.6.1314
https://doi.org/10.1177/2515245919847202
https://doi.org/10.1177/2515245919847202
https://doi.org/10.7135/upo9781843313649.011
https://doi.org/10.7135/upo9781843313649.011
https://doi.org/10.1023/B:JOBA.0000007455.08539.94
https://doi.org/10.1023/B:JOBA.0000007455.08539.94
https://doi.org/10.1016/S0022-1031(03)00020-9
https://doi.org/10.1016/S0022-1031(03)00020-9
https://doi.org/10.1037/a0040109

Witt et al. Cogn. Research (2020) 5:58

Hommel, B, Musseler, J., Aschersleben, G., & Prinz, W. (2001). The theory of
event coding (TEC): A framework for perception and action planning.
Behavioral and Brain Sciences, 24, 849-937.

lizerman, H., & Semin, G. R. (2010). Temperature perceptions as a ground
for social proximity. Journal of Experimental Social Psychology, 46(6),
867-873.

Jefferys, W. H. (1990). Bayesian analysis of random event generator data.
Journal of Scientific Exploration, 4(2), 153-169.

John, O.P, & Srivastava, S. (1999). The big five trait taxonomy. In L. A. Pervin
& O. P. John (Eds.), Handbook of personality: Theory and research (pp.
102-138). New York: Guilford.

Johnson, D. J,, Cheung, F, & Donnellan, M. B. (2014). Does cleanliness
influence moral judgments?: A direct replication of Schnall, Benton,
and Harvey (2008). Social Psychology, 45(3), 209-215. https://doi.
0rg/10.1027/1864-9335/a000186

Jylha, P, & Isometsd, E. (2006). The relationship of neuroticism and extraver-
sion to symptoms of anxiety and depression in the general population.
Depression and Anxiety, 23(5), 281-289.

Kahn, K. B, & Davies, P. G. (2017). What influences shooter bias? The effects
of suspect race, neighborhood, and clothing on decisions to shoot.
Journal of Social Issues, 73(4), 723-743. https://doi.org/10.1111/
josi.12245

Laird, J. D, Wagener, J. J,, Halal, M., & Szegda, M. (1982). Remembering what
you feel: Effects of emotion on memory. Journal of Personality and
Social Psychology, 42(4), 646.

Lakens, D. (2016). Power analysis for default Bayesian t-tests [Blog post]. In
The 20% Statistician.

Landau, M. J,, Meier, B. P, & Keefer, L. A. (2010). A metaphor-enriched social
cognition. Psychological Bulletin, 136(6), 1045.

Lappin, J. S., & Eriksen, C. W. (1966). Use of a delayed signal to stop a visual
reaction-time response. Journal of Experimental Psychology, 72(6),
805-811.

Levenson, H. (1973). Multidimensional locus of control in psychiatric
patients. Journal of Consulting and Clinical Psychology, 41(3), 397.

Li, C. R, Huang, C, Constable, R. T, & Sinha, R. (2006). Imaging response
inhibition in a stop-signal task: Neural correlates independent of signal
monitoring and post-response processing. Journal of Neuroscience,
26(1), 186—192. https://doi.org/10.1523/jneurosci.3741-05.2006

Lommen, M. J,, Engelhard, I. M., & van den Hout, M. A. (2010). Neuroticism
and avoidance of ambiguous stimuli: Better safe than sorry? Personality
and Individual Differences, 49(8), 1001-1006.

Lucas, R. E., Diener, E., Grob, A., Suh, E. M., & Shao, L. (2000). Cross-cultural
evidence for the fundamental features of extraversion. Journal of
Personality and Social Psychology, 79(3), 452.

Lynam, D. R, Whiteside, S. P, Smith, G. T,, & Cyders, M. A. (2006). The UPPS-P:
Assessing five personality pathways to impulsive behavior. West Lafayette:
Purdue University.

Lynott, D., Corker, K. S, Wortman, J., Connell, L, Donnellan, M. B., Lucas, R.

E., & O'Brien, K. (2014). Replication of “Experiencing physical warmth
promotes interpersonal warmth” by Williams and Bargh (2008). Social
Psychology, 45(3), 216-222. https://doi.org/10.1027/1864-9335/a0001
87

Markman, A. B, & Brendl, C. M. (2005). Constraining theories of embodied
cognition. Psychological Science, 16(1), 6-10.

McCarthy, T. (2014). Tamir rice: Video shows boy, 12, shot “seconds” after
police confronted child. The Guardian.

Meier, B. P, Robinson, M. D,, & Clore, G. L. (2004). Why good guys wear white:
Automatic inferences about stimulus valence based on brightness.
Psychological Science, 15(2), 82-87.

Meier, B. P, Schnall, S., Schwarz, N., & Bargh, J. A. (2012). Embodiment in
social psychology. Topics in Cognitive Science, 4(4), 705-716. https://doi.
org/10.1111/j.1756-8765.2012.01212.x

Miller, J., & Schwarz, W. (2018). Implications of individual differences in on-
average null effect effects. Journal of Experimental Psychology: General2,
147(3),377-397.

Morey, R. D., Rouder, J. N, & Jamil, T. (2014). BayesFactor: Computation of
Bayes factors for common designs (Version 0.9. 9).

Navarro, D. (2015). Learning statistics with R: A tutorial for psychology students
and other beginners: Version 0.5. Citeseer.

Page 16 of 17

Neumann, R., & Strack, F. (2000). Approach and avoidance: The influence of
proprioceptive and exteroceptive cues on encoding of affective infor-
mation. Journal of Personality and Social Psychology, 79(1), 39.

Niedenthal, P. M., Barsalou, L. W., Winkielman, P, Krauth-Gruber, S., & Ric,

F. (2005). Embodiment in attitudes, social perception, and emotion.
Personality and Social Psychology Review, 9(3), 184-211.

Niedenthal, P. M., Halberstadt, J. B, Margolin, J., & Innes-Ker, A. H. (2000).
Emotional state and the detection of change in facial expression of
emotion. European Journal of Social Psychology, 30(2), 211-222. https
://doi.org/10.1002/(SIC1)1099-0992(200003/04)30:2%3c211::AID-EJSP9
88%3e3.0.C0O;2-3

Open Science Collaboration. (2015). Estimating the reproducibility of psy-
chological science. Science, 349(6251), aac4716-aac4716. https://doi.
org/10.1126/science.aac4716

Payne, B. K. (2001). Prejudice and perception: The role of automatic
and controlled processes in mispercieving a weapon. Journal
of Personality and Social Psychology, 81(2), 181-192. https://doi.
org/10.1037/0022-3514.81.2.181

Prinz, W. (1997). Perception and action planning. European Journal of Cogni-
tive Psychology, 9(2), 129-154.

Qualtrics Inc. (2019). https://www.qualtrics.com.

R Core Team. (2017). R: A language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing.

Robles, F., & Del Real, J. A. (2018). Stephon Clark was shot 8 times primarily in
his back, family-ordered autopsy finds. The New York Times.

Schnall, S., Benton, J,, & Harvey, S. (2008). With a clean conscience: Cleanli-
ness reduces the severity cleanliness. Psychological Science, 19(12),
1219-1222.

Shapiro, L. (2019). Embodied cognition (2nd ed.). New York: Routledge.

Sherman, G. D,, & Clore, G. L. (2009). The color of sin. Psychological Science,
20(8), 1019-1025. https://doi.org/10.1111/j.1467-9280.2009.02403.x

Simonsohn, U., Nelson, L. D., & Simmons, J. P. (2014). P-curve: A key to the
file drawer. Journal of Experimental Psychology: General, 143(2), 534-547.
https://doi.org/10.1037/a0033242

Smith, E. R, & Semin, G. R. (2004). Socially situation cognition: Cognition
in its social context. Advances in Experimental Social Psychology, 36,
53-117.

Smith, E. R, & Semin, G. R. (2007). Situated social cognition. Current Direc-
tions in Psychological Science, 16(3), 132-135. https://doi.org/10.111
1/j.1467-8721.2007.00490.x

Stanislaw, H., & Todorov, N. (1999). Calculation of signal detection theory
measures. Behavior Research Methods, Instruments, & Computers, 3(1),
37-149. https://doi.org/10.3758/BF03207704

Steegen, S, Tuerlinckx, F, Gelman, A, & Vanpaemel, W. (2016). Increasing
transparency through a multiverse analysis. Perspectives on Psychologi-
cal Science, 11(5), 702-712. https://doi.org/10.1177/1745691616658637

Stepper, S., & Strack, F. (1993). Proprioceptive determinants of emotional
and nonemotional feelings P. Journal of Personality and Social Psychol-
ogy, 64(2), 211-220. https://doi.org/10.1037//0022-3514.64.2.211

Strack, F, Martin, L. L., & Stepper, S. (1988). Inhibiting and facilitating condi-
tions of the human smile: A nonobtrusive test of the facial feedback
hypothesis. Journal of Personality and Social Psychology, 54(5), 768-777.
https://doi.org/10.1037/0022-3514.54.5.768

Sugovic, M., & Witt, J. K. (2013). An older view on distance perception: Older
adults perceive walkable extents as farther. Experimental Brain Research,
226(3), 383-391. https://doi.org/10.1007/500221-013-3447-y

Tenhundfeld, N. L., Parnes, J. E,, Conner, B.T,, & Witt, J. K. (2020). Develop-
ment of a psychometrically valid gun attitude scale. Current Psychology,
39,1-8.

Wagenmakers, E.-J., Beek, T., Dijkhoff, L., Gronau, Q. F, Acosta, A, Adams, R.
B, etal. (2016). Registered replication report: Strack, Martin, & Stepper
(1988). Perspectives on Psychological Science, 11(6), 917-928. https://doi.
org/10.1177/1745691616674458

Wells, G. L., & Petty, R. E. (1980). The effects of overt head movements on
persuasion: Compatibility and incompatibility of responses. Basic and
Applied Social Psychology, 1(3), 219-230.

Wentura, D., Rothermund, K., & Bak, P. (2000). Automatic vigilance: The
attention-grabbing power of approach- and avoidance-related social
information. Journal of Personality & Social Psychology, 78(6), 1024-1037.

Whiteside, S. P, & Lynam, D. R. (2001). The five factor model and impulsiv-
ity: Using a structural model of personality to understand impulsivity.


https://doi.org/10.1027/1864-9335/a000186
https://doi.org/10.1027/1864-9335/a000186
https://doi.org/10.1111/josi.12245
https://doi.org/10.1111/josi.12245
https://doi.org/10.1523/jneurosci.3741-05.2006
https://doi.org/10.1027/1864-9335/a000187
https://doi.org/10.1027/1864-9335/a000187
https://doi.org/10.1111/j.1756-8765.2012.01212.x
https://doi.org/10.1111/j.1756-8765.2012.01212.x
https://doi.org/10.1002/(SICI)1099-0992(200003/04)30:2%3c211::AID-EJSP988%3e3.0.CO;2-3
https://doi.org/10.1002/(SICI)1099-0992(200003/04)30:2%3c211::AID-EJSP988%3e3.0.CO;2-3
https://doi.org/10.1002/(SICI)1099-0992(200003/04)30:2%3c211::AID-EJSP988%3e3.0.CO;2-3
https://doi.org/10.1126/science.aac4716
https://doi.org/10.1126/science.aac4716
https://doi.org/10.1037/0022-3514.81.2.181
https://doi.org/10.1037/0022-3514.81.2.181
https://www.qualtrics.com
https://doi.org/10.1111/j.1467-9280.2009.02403.x
https://doi.org/10.1037/a0033242
https://doi.org/10.1111/j.1467-8721.2007.00490.x
https://doi.org/10.1111/j.1467-8721.2007.00490.x
https://doi.org/10.3758/BF03207704
https://doi.org/10.1177/1745691616658637
https://doi.org/10.1037//0022-3514.64.2.211
https://doi.org/10.1037/0022-3514.54.5.768
https://doi.org/10.1007/s00221-013-3447-y
https://doi.org/10.1177/1745691616674458
https://doi.org/10.1177/1745691616674458

Witt et al. Cogn. Research (2020) 5:58

Personality and Individual Differences, 30(4), 669-689. https://doi.
0rg/10.1016/50191-8869(00)00064-7

Witt, J. K., & Brockmole, J. R. (2012). Action alters object identification:
Wielding a gun increases the bias to see guns. Journal of Experimental
Psychology: Human Perception and Performance, 38(5), 1159-1167. https
://doi.org/10.1037/a0027881

Zhong, C, & Liljenquist, K. (2006). Washing away your sins. Science, 313,
1451-1452. https//doi.org/10.1126/science.1130726

Page 17 of 17

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/S0191-8869(00)00064-7
https://doi.org/10.1016/S0191-8869(00)00064-7
https://doi.org/10.1037/a0027881
https://doi.org/10.1037/a0027881
https://doi.org/10.1126/science.1130726

	Wielding a gun increases judgments of others as holding guns: a randomized controlled trial
	Abstract 
	Introduction
	Guns, social cognition, and embodiment
	Replication crisis
	Individual differences
	Current study

	Experiment 1
	Method
	Participants
	Procedure
	Gun perception task
	Measures of individual differences

	Data preprocessing and planned analyses
	Multiverse analysis plan

	Results
	Gun embodiment effect
	Individual differences as moderators of the gun embodiment effect

	Discussion

	Experiment 2
	Method
	Results
	Discussion

	General discussion
	Gun embodiment effect: replication, magnitude, and measures
	Individual differences and the gun embodiment effect

	Summary
	Acknowledgements
	References


