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Abstract

Background: Firearms injuries present a major pediatric public health challenge in the United States. This study
protocol describes research to develop and then conduct a randomized clinical trial to evaluate ShootSafe, an
interactive, engaging, educational website to teach children firearms safety.
ShootSafe has three primary goals: (a) teach children basic knowledge and skills needed to hunt, shoot, and use
firearms safely; (b) help children learn and hone critical cognitive skills of impulse control and hypothetical thinking
needed to use firearms safely; and (c) alter children’s perceptions about their own vulnerability and susceptibility to
firearms-related injuries, the severity of those injuries, and their perceived norms about peer behavior surrounding
firearms use. ShootSafe will accomplish these goals through a combination of interactive games plus short,
impactful testimonial videos and short expert-led educational videos.

Methods: Following website development, ShootSafe will be evaluated through a randomized controlled trial with
162 children ages 10–12, randomly assigning children to engage in ShootSafe or an active control website. Multiple
self-report, computer-based, and behavioral measures will assess functioning at baseline, immediately following
training, and at 4-month follow-up. Four sets of outcomes will be considered: firearms safety knowledge; cognitive
skills in impulse control and hypothetical thinking; perceptions about firearms safety; and simulated behavior when
handling, storing and transporting firearms. Training in both conditions will comprise two 45-min sessions.

Discussion: If results are as hypothesized, ShootSafe offers potential as a theory-based program to teach children
firearms safety in an accessible, engaging and educational manner. Translation into practice is highly feasible.

Trial registration: The study protocol was registered on 11/10/20 at clinicaltrials.gov (NCT04622943).
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Background
Firearms injuries are a significant pediatric public health
challenge in the United States. The Centers for Disease
Control (CDC) estimates 803 children ages 0–15 were
killed by firearms in the United States in 2018, and an
additional 2422 children visited emergency rooms for
treatment after a firearms injury [1]. Roughly half of
children who are hospitalized for a firearm-related injury
leave the hospital with a disability, creating long-term
health, medical system, financial, family, and societal
burden [2].
About one-third of firearms injuries to children under

age 15 are due to unintentional causes rather than sui-
cide or homicide [3]. Those injuries tally over 80 child
deaths and 1200 serious injuries every year in the United
States [4] and represent the current focus.

Children and firearms
American children are routinely exposed to firearms in
their homes. A study of 314 parent-child dyads seeking
treatment at a rural health clinic in Alabama found that
201 of the homes (64%) had firearms present in their
home [5]. Among those 201, 73% of children ages 5–10
and 79% of children ages 10–14 knew where the guns
were stored. An equal number of children – 36% – in
both age groups reported they had handled the firearms,
including 52% of boys. Our laboratory’s research with
1561 fifth-graders in the Birmingham metropolitan area
found that 31% of families reported having firearms in
the home, with higher rates among families with Non-
Hispanic White children than those with African-
American or Hispanic children [6]. Just under half of the
440 families in that study with firearms in their homes
(47%) stated they used the firearms for hunting.
Recognizing the methodological limitations of self-

report data concerning firearms ownership and usage, a
different study by our research team used home inspec-
tions to evaluate risk to Birmingham children [7]. In a
study of 42 Birmingham-area families who agreed to
have their homes inspected for broad child safety risks
(mean child age = 15 years), 38% had a firearm present
and 29% had a firearm present and unlocked. Among
the 23% of families with rifles present, 79% stored the ri-
fle unlocked, 61% stored ammunition in the same place
as the rifle, and 15% stored the rifle unlocked and loaded
with ammunition.
Online forums suggest children as young as age 5 and

6 sometimes start hunting and shooting with their par-
ents. Most United States state laws permit children of
any age to hunt legally under supervision by an adult. In
many states, children can legally hunt unsupervised by
an adult at any age if they complete a hunter education
training program; the remaining states usually limit un-
supervised hunting to children over age 10 or 12 years.

Anecdotal reports widely cite the fact that children typ-
ically begin shooting and hunting during the elementary
school years and often hunt and shoot alone or with
peers and siblings by age 10 or 12, whether legal in their
state or not.

Firearms injuries while hunting and shooting
Among adults, between 25 and 33% of unintentional
firearms injuries occur while hunting [8, 9]. In one case
series of serious hunting injuries over a 2-year period, 10
of the 68 (15%) shooters were under age 15 and an add-
itional 12 shooters (18%) were between the ages of 15–
17 [8]. Half of the 22 children who unintentionally shot
a person while hunting were being supervised by an
adult while hunting, and half were not. 28% of the cases
in the series were fatal.
Data on injuries and fatalities related to recreational

shooting are less readily available, but one report sug-
gests about 3% of unintentional firearms fatalities from
2003 to 2006 in selected US states were known to be the
direct result of an incident during target shooting activ-
ities [10]. An additional 21% occurred during hunting,
11% while cleaning or loading the firearm, and 5% while
carrying or handling it. A large portion (15%) were due
to other or unknown causes and may also have been as-
sociated with hunting or shooting.
In fact, many unintentional firearms injuries are not

directly related to hunting and shooting but are indir-
ectly related because they occur immediately before or
after hunting and shooting outings while firearms are
being stored, transported, or cleaned. The largest por-
tion of unintentional firearms fatalities reported in the
Hemenway and colleagues paper [10] was due to playing
with firearms (39% of deaths), and in over 70% of the
fatal incidents, both the shooter and the victim were
under the age of 25.

The culture of hunting
Hunting culture has a long and proud history. Early
Americans hunted for sustenance. Contemporary Amer-
icans still hunt to obtain food, but also for comradery,
relaxation, an escape to nature, and sport. Most hunters
prioritize safety in all they do, meticulously handling
their firearms and cautiously shooting only when it is
safe to do so. A small minority take dangerous risks,
some of which lead to tragedy. Broad developmental re-
search suggests children and teens may be more likely to
take those risks [11], and that such risk taking can be
thwarted with appropriate intervention [12].
RAND research suggests over 13 million Americans

currently hunt with firearms [13]. One hallmark of the
hunting culture is a desire to pass the joys of hunting to
one’s children and grandchildren. The classic stereotype
of a father taking his son out to shoot the boy’s first
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buck rings true in many American families, and offers
not just nostalgia but also positive development of
father-child relationships. Increasingly today, girls and
women also are involved: Hunting reflects a family event
[14–16].
Despite these positive features of hunting, the Ameri-

can hunting culture and tradition also creates danger
when children are engaged. We review some risks
below.

� The early start. Even casual hunters recognize their
prey is often most active early in the morning,
around dawn. Unfortunately, contemporary human
society has evolved such that typical American
children retire for sleep well past evening’s dusk. An
early-morning awakening to hunt, therefore, is likely
to cut children’s sleep time greatly short of the
American Academy of Pediatrics recommendations
for children ages 6–12 to sleep 9–12 h per night.
Acute sleep restriction created by an early morning
awakening is documented to have negative conse-
quences on attention, impulse control, decision-
making, and other neuro-cognitive functioning crit-
ical to maintaining safety around firearms [17–19].

� Once awakened and transported to the field,
hunters often face adverse weather conditions.
Deer hunting season throughout the United States
falls in late autumn and winter. In most states,
small game and fowl seasons run from late fall to
early spring. Frigid temperatures, cold rain, and
snow are commonplace. Due to physiological
differences, children are less able than adults to
regulate their body temperature to cold weather
and are therefore more susceptible to negative
health consequences from cold exposure [20].
Children may also resist wearing warm-weather
gear, and may react emotionally and cognitively
to feeling cold.

� Upon arriving in the field, there are various ways to
hunt. One common strategy is hunting from a tree
stand: the hunters are elevated and stable, waiting
for the game to approach. This type of hunting
requires extensive patience, as one sits and waits for
the opportunity to shoot. For children – who have
still-developing skills in patience and impulse control
– it is also an invitation for error, as children may
be excited when they sense movement in the forest
and impulsively pull the gun’s trigger before ensur-
ing they are aiming at an animal rather than another
human. Other types of hunting are more active –
they may involve walking through a forest or along a
creek bed, for example – but still require patience,
thoughtfulness and impulse control to maintain
safety.

� Some adult hunters associate hunting with drinking
alcohol. Children are less likely to imbibe, but they
may be supervised by adults who are intoxicated,
creating a situation where children absorb increased
responsibility to behave safely because adult
supervision is compromised. Child injury risk is
elevated when supervising parents are intoxicated
[21].

� Upon return home after a hunt, the full party
(children included) is likely to be tired, cold, and
hungry. This creates risk for safety sloppiness: will
guns be transported and stored safety upon return?
Will dangerous shortcuts be enacted? Will children
be entrusted with adult tasks? Will younger siblings
in the home, excited to see the rest of the family,
encounter firearms?

The culture of shooting
The culture of shooting evolved out of historic hunting
practices. Today, many youth literally grow up with
small arms like BB guns in their hands, which they use
to shoot trees, signposts and backyard birds or rodents.
As youth grow into their pre-teen years, shooting culture
frequently evolves to more involved outings in the
woods, at indoor or outdoor shooting ranges, or in orga-
nized competitions. Statista estimates over 30 million
Americans engage in shooting firearms for sport [22].
Unlike hunting, shooting is common year-round and

at all hours of the day. Reliable data sources are lacking,
but injury rates appear to be lower also. Accurate re-
ports of child injuries from nonpowder guns (e.g., BB,
pellet, air guns) are available and indicate over 14,000
annual injuries requiring medical treatment, almost all
of them unintentional and involving children, and many
of them serious head and eye injuries [23–25]. Several of
the risks present while hunting with children – adverse
weather conditions, need for patience and impulse con-
trol, adult alcohol use, and sloppy safety upon return
home, for example – may emerge during and after
shooting excursions just as they do with hunting.

Previous research: existing firearms safety programs for
children
A large portion of existing child firearms safety pro-
grams focus on changing adult behavior through strat-
egies such as safe firearms storage rather than on
changing children’s behavior with firearms. Two recent
systematic reviews, which identified 12 and 10 studies
respectively targeting children (and 9 others targeting
adolescents in the Ngo et al. review), suggest most exist-
ing programs to teach children firearms safety are inef-
fective [26, 27]. A surprising number of published
empirical trials yield either null results or results that
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document capacity to teach children basic knowledge
but not translate that knowledge into safer behavior.
Reviewed studies also were critiqued as suffering from

several weaknesses, including absence of theoretical basis
to achieve behavior change and significant methodo-
logical concerns like small sample sizes, lack of rigorous
research designs to evaluate the interventions (e.g., no
control groups), and a focus on knowledge-based out-
comes without adequate measurement of behavioral out-
comes [26, 27]. None of the reviewed studies used
technology-based intervention programs that offer the
engaging, interactive, and experiential training medium
today’s children prefer. (The Eddie Eagle program, devel-
oped by the National Rifle Association, has recently been
transferred from its original classroom-based format to a
website training program for children about ages 4–9
[28], but the efficacy of that website as a training tool
has not been evaluated in a published clinical trial).
Despite the discouraging results of previous research, a

smattering of studies offer promising results to guide the
current study. Perhaps most influential is a series of
studies by Miltenberger and colleagues that test the use
of active learning strategies, generally delivered in small-
group or classroom settings, to teach children firearms
safety [29–36]. In all cases, these studies use small sam-
ple sizes (largest N = 45 and many Ns < 10). The findings
generally suggest children exposed to theory-based
active-learning activities involving behavioral strategies
like modeling, rehearsal and feedback successfully learn
both relevant firearms safety skills as well as displaying
appropriate behavior in role-play scenarios following the
training. We adopt these active-learning behavioral strat-
egies into an internet-based delivery system for
ShootSafe.

Present research
Based on existing knowledge and research, we will de-
velop and then evaluate ShootSafe, an innovative and
interactive website that engages children to learn fire-
arms safety in an experiential, educational and enjoyable
manner. We have three primary educational goals: (1)
teach children the basic skills they need to hunt, shoot,
and use firearms in a safe manner; (2) help children
learn and hone critical cognitive skills of impulse control
and hypothetical thinking they need to use, store, trans-
port, clean and handle firearms safely; and (3) alter chil-
dren’s perceptions about their own vulnerability and
susceptibility to firearms-related injuries, the potential
severity of those injuries, and their perceived norms
about peer behavior surrounding firearms use. Theory-
driven games, activities, videos and other features on
ShootSafe will be developed to achieve those goals.
ShootSafe will primarily target children ages 10 to 12.

This is an age group that begins to hunt and shoot

independent of adult supervision, as well as a develop-
mental stage when children are actively learning and de-
veloping two cognitive skills critical to safety with
firearms: (a) executive function (especially impulse con-
trol) and (b) hypothetical thinking (especially anticipa-
tion of future events, deducing possible occurrences, and
planning). In classical child development theory, Piaget
referred to these developments as entry into the formal
operations stage, a time when children develop cognitive
skills like logical thought, deductive reasoning, and ex-
ecutive function [37]. In contemporary theory, neurosci-
entists suggest the pre-adolescent years involve a surge
in production of gray matter in the brain’s frontal lobe,
production that is linked to rapidly-developing skills in
executive functions like planning, organizing, impulse
control, problem-solving, and deductive reasoning [38].
Thus, ShootSafe capitalizes on natural child develop-
ment to accelerate cognitive skill development in do-
mains relevant to safe use, transport and storage of
firearms. In Vygoskian terms, we use technology to scaf-
fold development of critical cognitive skills within a tar-
geted developmental zone of proximal development [39].

Methods/design
ShootSafe website
The ShootSafe website, currently in development, is de-
signed to accomplish three primary goals: (1) transmit
knowledge about hunting and shooting safety, (2) hone
relevant cognitive skills to safely hunt, shoot, handle and
store firearms, and [3] revise perceptions about firearms
safety (See Table 1).

Table 1 ShootSafe Website Components

ShootSafe goals are to:

1. Transmit knowledge [via expert videos, trivia games]

a. Safe preparation

b. Safe transport

c. Safety in the field

d. Safe storage

2. Hone relevant cognitive skills [via interactive games]

a. Executive function – impulse control, patience

b. Hypothetical thinking – anticipate future, deduce what could
happen, plan ahead

3. Alter perceptions about firearms safety [via expert videos, peer
testimonials]

a. Increase self-efficacy

b. Increase perceived vulnerability and susceptibility

c. Recognize severity of errors

d. Change perception of peer normative behavior
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Transmit knowledge
The first step to any safety intervention is ensuring the
individual has requisite knowledge to engage in safe be-
havior. Safe firearms use requires substantial knowledge
about guidelines, rules, and recommendations. ShootSafe
will convey these lessons repeatedly to reinforce learn-
ing, and through multiple mechanisms to reach youth.
Primary modes of delivery are through “expert videos”,
in which expert hunters and shooters offer their advice
and suggestions, and through trivia games that offer an
engaging, rewarding and entertaining means of transmit-
ting knowledge to youth.

Hone relevant cognitive skills
Leveraging the cognitive growth that occurs during the
target age range, ShootSafe will incorporate games that
have the explicit purpose of honing two key sets of cog-
nitive skills required for proper use of firearms: execu-
tive function (with specific focus on impulse control and
patience) and hypothetical thinking (with focus on an-
ticipating possible future outcomes, deducing risky
events that could possibly occur, and planning ahead).
Executive function skills like impulse control and pa-

tience actively develop and mature during the pre-teen
years [38, 40, 41]. They are highly relevant to firearms
safety, as impulsive or impatient action can lead to tragic
results. The skills also are amenable to improvement
through training [42, 43].
Like impulse control and patience, hypothetical think-

ing actively develops and matures during the pre-teen
years [44] and has direct relevance to firearms safety. La-
beled variously in different literatures, we are interested
in a construct that incorporates consequentiality (what
happens as a consequence of a decision?), fluency and
flexibility (are children creative and flexible to deduce al-
ternative and unique outcomes of a situation?), and di-
vergent thinking (can children think in alternative
ways?). Poor anticipation of where a bullet might travel
if the target is missed can lead to disastrous mistakes
when, for example, a roadway with moving vehicles lies
behind the target. Similarly, poor anticipation of the fact
that a younger sibling might discover an unsecured
firearm that is left in the front hallway upon return
from a hunting trip can lead to firearms injury or
death to the sibling or others. Training to help chil-
dren learn hypothetical thinking, planning, and dedu-
cing possible negative outcomes has proven successful
in classroom settings [45, 46] as well as through com-
puter games [47].

Revise perceptions about firearms safety
Adolescents are commonly reported to take more risks
than adults, including risks involving broad personal
health and safety [12, 48] and those involving firearms

injury specifically [49]. To accomplish desired changes
in perceptions about safety, ShootSafe will work to alter
youth perceptions surrounding four health behavior
change theory topics: (1) increased self-efficacy to be-
have safely, (2) increased perceptions of vulnerability
and susceptibility to injury events, (3) increased recogni-
tion of the severity of an error, and (4) changed percep-
tion of norms about how peers behave.
Increasing self-efficacy to change health-related behav-

ior forms a prominent piece of several health behavior
change theories, including the Health Belief Model [50],
the theory of planned behavior (which refers to the con-
cept as perceived behavioral control) [51, 52], and Ban-
dura’s social cognition theory [53, 54]. In all cases,
individuals need to perceive they have both the know-
ledge and the capacity to make health-related behavior
change. ShootSafe will transmit relevant knowledge
through the website features, inspiring increased self-
efficacy through content-relevant games that are challen-
ging yet accomplishable.
Models of health behavior change also almost univer-

sally cite the need for individuals to perceive the fact
that they are vulnerable or susceptible to negative health
outcomes if they are to change their behavior. Such ar-
guments appear prominently, for example, in Wein-
stein’s unrealistic optimism theory [55, 56] and in the
Health Belief Model [50]. A powerful strategy to alter
perceived vulnerability or susceptibility to injury is
through the use of testimonials [57]. ShootSafe therefore
includes videos delivered by child actors who share stor-
ies of “firearms accidents they have experienced”, provid-
ing realistic, emotional and relatable stories about the
risks of unsafe firearms use, transport, handling and
storage, plus actions that could be taken to reduce risk.
Also relevant to how individual perceptions influence

health behavior is the individual’s perception of the se-
verity of an error [50, 58]. Would a mistake lead to a
minor mishap or to a fatal injury? Convincing youth that
a simple mistake can lead not just to a cut or scrape but
to death for oneself or someone else is a powerful mes-
sage that must be delivered repeatedly, gravely, and
emotionally. Given the immature cognitive skill of a pre-
teen to anticipate the future and think hypothetically,
conveyance and deep recognition of the potential gravity
and severity of the consequence of a mistake must be
delivered. ShootSafe will transmit these messages
through both expert and peer testimonial videos.
Finally, health behavior change theory stresses the

need for perceptions that safe behavior is normative.
Most prominent in Ajzen’s Theory of Planned Behavior
[51, 52], an interventionist must convince youth that safe
behaviors are typical and normal among their peers, and
that they would be an outlier if they did not engage in
those safe behaviors also. ShootSafe’s testimonial videos
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will deliver this message repeatedly, and those messages
will be supplemented by expert videos and by role-
playing games involving youth engaged in firearms-
related activities.

ShootSafe components
Substantial research indicates that children play, enjoy,
and learn from educational games and activities [42, 59–
61]. ShootSafe will offer a gamified environment includ-
ing games and videos that engage children, allow them
to earn points and achieve new levels, and offer suffi-
cient challenge so they want to return to re-engage.
Games will include trivia games to encourage and en-

able basic learning of facts, games that require practice
of the challenging task of controlling impulses to re-
spond to appetitive stimuli, and games that require prac-
tice of hypothetical thinking and anticipation of possible
future events. Some games will involve hunting and
shooting themes and activities, but many will reflect
other engaging activities that teach the desired and rele-
vant skills.
ShootSafe’s videos will be divided into two categories,

testimonials from peers and expert videos. Testimonials
will be presented by child actors who deliver diverse and
realistic situations and stories, all emotional, about real-
life firearms-related injuries and deaths. Expert videos
will be delivered by firearms safety experts who share
their expertise in the four focus domains of safe prepar-
ation, safe transport, safety in the field, and safe storage.
ShootSafe will also incorporate two other unique fea-

tures. First, a reward system will provide points to chil-
dren that motivate them to perform well on the website.
Second, the point system will drive tailored messaging to
parents. When children earn points or achieve new
levels, a message will be sent to their parents, encour-
aging parents to congratulate children and reinforce tar-
geted information about children’s lessons. We view this
messaging as a strategy to keep today’s overextended
parents informed about their children’s learning but not
inundate them with lengthy material they do not read or
process.

Randomized design study
After the website is fully developed, we will conduct a
repeated measures randomized control design

experiment with active intervention and control groups
assessed during pre-test (baseline), post-test, and 4-
month follow-up laboratory visits. The protocol is regis-
tered at clinicaltrials.gov (NCT04622943). As detailed
below, children will be recruited from the Birmingham,
Alabama area to participate. Following a baseline assess-
ment, children will be randomly assigned to use either
the intervention ShootSafe website or a control nutrition
website (nourishinteractive.com) during two training
visit appointments, each 45 min long. A 1:1 allocation
ratio will be implemented with randomization achieved
by the research team through a random number gener-
ator and randomized order concealed to all parties prior
to assignment during the first training visit. To measure
learning and retention of lessons and perceptions, chil-
dren will return to the laboratory for a post-intervention
visit and then a follow-up visit four months later. Partici-
pant engagement is displayed graphically in Fig. 1, and
details of recruitment and retention strategies, plus all
assessment measures and the data analysis plan, appear
below.

Participants
One hundred sixty-two participants ages 10–12 will par-
ticipate. We will recruit through local advertising and
anticipate representative local diversity among those ex-
posed to firearms in terms of race, ethnicity, family So-
cioeconomic Status and rurality. Eligible families will be
those with English fluency, children falling in the appro-
priate age group, and children who do not have disabil-
ities prohibiting valid study participation (e.g., blindness,
intellectual disability). We also will exclude children who
have not been exposed to firearms through personal ex-
perience with firearms in the home or by engagement in
hunting or shooting activities. Given the demographics
of eligible families both nationally and in the local area
[62], we anticipate a modestly racially diverse (~ 30%
ethnic minority), gender-balanced sample. Participants
will provide informed consent (parents)/assent (children)
and will be compensated for their time.

General protocol
Following recruitment, families will visit the laboratory
at a convenient time, complete consenting with a re-
search assistant, and then engage in a baseline battery

Fig. 1 Timeline of Study Visits
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with a trained research assistant to assess knowledge,
perceptions and behavior relevant to firearms safety. At
the end of the visit, families will be randomly assigned to
either the intervention ShootSafe group or the control
nutrition group. Training will occur across two moni-
tored 45-min laboratory sessions over a two-week
period. At that point, families will return to the labora-
tory to complete a post-intervention battery similar to
the baseline assessment. Finally, families will return four
months later for a follow-up assessment appointment.
The protocol for the baseline, post-intervention, and

follow-up visits will run similarly. Children will complete
a mix of self-report, computer-based, and behavioral
tasks, all described below. The protocol for training
visits will be straightforward. Upon arrival, children will
be stationed at a desk and monitored through a one-way
mirror as they engage in the website. If participants are
witnessed to wander off-site or appear highly distracted
(e.g., looking away from the program for lengthy periods
of time), the experimenter will interrupt to re-direct the
child back on task. Apparent attention and fidgeting will
be rated by the experimenter. Substantial noncompliance
with the intervention will result in trial dismissal.

Interventions: ShootSafe and Nourish Interactive
Given the novelty of ShootSafe and following typical
practice in pharmaceutical and other early-phase health
intervention clinical trials, we will conduct a trial that
falls closer to the explanatory than pragmatic side of the
explanatory-pragmatic clinical trial continuum [63]. All
training will occur in a laboratory setting where we can
monitor usage and control exposure to the intervention.
Children in both intervention groups will use the web-
sites during two 45-min laboratory training sessions.
As detailed elsewhere, the active ShootSafe interven-

tion will offer a wide range of games and videos for chil-
dren to try, and we will allow children to self-direct to
their preferred activities. The comparison group will visit
nourishinteractive.com, a website that provides educa-
tional games and activities relevant to child nutrition
and exercise. Of similar size/scope to ShootSafe,
nourishinteractive.com offers extensive games, stories,
and interactive activities for children in a range of age
groups, including our target age.

Measures
Website use and engagement will be assessed via chil-
dren’s attention and fidgeting while engaging in the web-
site using objective behavior rating scales developed
previously in our laboratory [64, 65]. Further, children
will complete surveys concerning their impressions and
perceptions about the website they engaged within both
immediately after web use during training visits and dur-
ing the post-intervention visit.

Demographics will be assessed via parent question-
naire. Firearms use, training and experience will be
assessed through both child- and parent-report, offering
information on the child’s experience, habits and prac-
tices using firearms both alone and while supervised. We
also will gather information about previous firearms
safety training. Similarly, online game use and experi-
ence will be assessed through child- and parent-report.
To test whether intelligence or temperament influence

efficacy of the websites, we will conduct brief screens of
intelligence using WISC-V (Wechsler Intelligence Scales
for Children – V) subtests [66] and child temperament
through the parent- and child-report versions of the
EATQ-R (Early Adolescent Temperament Questionnaire
– Revised) [67, 68].
Perceptions about vulnerability, susceptibility, and po-

tential severity of firearms injury, plus peer norms, will
be surveyed via self-report survey from both children
and parents. We also will assess parent and child percep-
tions of normative peer behavior about firearms use and
storage. All perceptions about firearms safety will be
assessed at baseline, post-intervention, and follow-up.
Children’s cognition will be assessed using multiple

methods. Impulse control will be assessed both with
neuropsychological and laboratory measures. A brief
neuropsychological battery will be constructed using
age-appropriate adapted Stroop and Go-No Go tasks.
The Stroop task asks children to inhibit one cognitive
inclination that emerges (e.g., read the word, “blue”, that
is presented) while processing a second impeding set of
stimuli (e.g., the word “blue” is presented in red writing)
[69]. In that example, children would thus be requested
to state the color of the writing (red), a task requiring in-
hibition of the desire to read the word (blue) instead of
stating the color of its letters.
The Go-No Go task is designed primarily as a measure

of inhibitory control. Computer-driven, it presents a
series of stimuli, some of which require a response (the
“go” stimuli) and others of which require inhibition of
the response (the “no go” stimuli) [70]. The test yields
several outcome measures, including correct responses
to the “go” stimulus, omission errors (failure to respond
to the “go” stimulus), commission errors (false alarms in
responding to the “no-go” stimulus), correct rejections
of the “no-go” stimulus, and reaction time. We will focus
especially on commission errors and response time to
the “go” stimuli, which are considered core measures of
inhibitory control [71].
Behavioral measures of impulse control will comprise

a 7-task behavioral battery developed previously through
a mix of novel and adapted activities [72]. As shown in
Table 2, tasks in the battery assess ability to slow fine
(Draw-a-Circle) and gross (Walk-a-Line) motor move-
ment, control verbal impulses (Long Speech), and delay
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gratification for short (Peeking) and long (Money, previ-
ously called Pencils) latencies. Other tasks assess speed
of decision-making (Prize-Choosing) and behavioral sur-
gency (Newspaper Ripping).
Hypothetical thinking will also be assessed through a

combination of neuropsychological and laboratory mea-
sures. Two neuropsychological measures will be used.
First, we will administer the picture arrangement subtest
from the WISC-III [73]. Administration of this measure
involves showing children a series of illustrations in
mixed-up order; children are asked to place the illustra-
tions in the appropriate order to represent a logical flow
of events. Successful engagement in the task requires key
cognitive skills, therefore, of anticipating events that might
flow from other events. The picture arrangement subtest
was dropped from subsequent versions of the Wechsler
intelligence scales to minimize the influences of motor co-
ordination and rapid processing (time bonuses) on
broader intelligence scores [74], but both motor coordin-
ation and rapid processing of information are relevant to
safety with firearms. Further, the picture arrangement sub-
test of the WISC-III shows excellent validity with other
measures of intelligence, but not with measures of social
intelligence or social processing [73, 75].
The second neuropsychological measure will be an

evaluation of creative and divergent thinking. We will
use subtests of the Torrance Tests of Creative Thinking
(TTCT) to assess these traits [76]. In particular, we are
interested in children’s fluency and flexibility: are chil-
dren creative and flexible in identifying alternative and
unique solutions and outcomes to events and situations?
These skills will be evaluated using the Making Guesses,
Just Suppose, and Common Problems TTCT subtests.
The laboratory measure of hypothetical thinking will be
conducted via a dollhouse simulation task and is detailed
below.
We will assess children’s knowledge using three tech-

niques. Two strategies will be adapted from previous
work: (a) a basic written “quiz” concerning firearms

safety and (b) a series of photographs showing various
safe and unsafe situations, in which children respond
whether the situation is safe or not, offering a second,
more visual assessment of their knowledge about safety
[77–79]. We also will use the photographs as a crude
measure of intended behavior surrounding firearms by
asking children whether they would engage in that be-
havior or not.
The third measure of knowledge will also be used to

assess both children’s knowledge and their intended be-
havior in various scenarios. Offering a richer assessment
of behavior than intentions based on a photograph, we
will develop a role-play simulation based loosely on our
research simulating situations relevant to child dog bite
risk through interaction with a live dog [78]. Specifically,
we will arrange in our laboratory a replicated hunting
and shooting scene, re-creating the scenery of a forest.
Small game will be built around the structure of toy
remote-controlled cars. Children will be given toy guns
and asked to shoot both game and targets, replicating
both hunting and shooting activities as part of the simu-
lation. They also will return to a different room to
“store” their firearms safely at the end of the activity. We
will create situations with possible risk (e.g., shooting at
a target with people in the background vs not) as well as
recording proper transport of the weapon (e.g., muzzle
pointing up or down) and proper storage (at end of task,
is gun stored and locked in cabinet, separate from am-
munition?). All behavior will be videotaped and subse-
quently coded using an objective coding scheme.
Finally, experimental laboratory measures to assess

both hypothetical thinking and behavior while using fire-
arms will be conducted using dollhouse simulations. In
these scenarios, children will hear a narrative that is left
unfinished and will be asked to complete the story,
allowing us to evaluate children’s ability to think hypo-
thetically. From a social development perspective, these
tasks evaluate the cognitive skill of consequentiality –
understanding what might happen as a consequence of a

Table 2 Behavioral Battery of Impulsivity and Inhibitory Control

Task Activity Outcomes

Draw-a-Circle Draw a circle on paper template, as slow as possible Difference score, “regular” – “slow” drawing

Walk-a-Line Walk along line marked on floor as slow as possible Difference score, “regular” – “slow” walking

Long Speech Listen to long and boring soliloquy from researcher # interruptions; time to 1st interruption

Peeking Wait in room while researcher leaves, with “treat” hidden under a cup Does child “peek”? Does child eat treat? Latency to first
peek

Money Choose between receiving a single $1 bill immediately vs. two $1 bills at
the next visit

Selection of immediate vs delayed reward

Prize-Choosing Child chooses prizes out of a very large bin full of attractive age-
appropriate prizes

Timed latency to prize selection

Newspaper
Ripping

Child is given a section of newspaper and asked to rip it into small strips Time spent; Coding of mood/exuberance; Number of
strips created
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decision [80, 81]. How and when do children process,
consider and understand the potential consequences of a
decision? To conduct the assessment, we will present
the short vignettes verbally following a structured script,
and simultaneously act out the scenario using doll-
houses, scenery, characters and other props from the
Playmobil toy series (Zirndorf, Germany). Primary char-
acters will be matched by gender and skin tone to the
study participant. Replicating protocols from previous
work using this methodology [77, 78], children’s re-
sponses to the scenarios will be video-recorded and sub-
sequently scored using an objective coding scheme.

Patient and public involvement
A 5-person Advisory Board comprised of experts in fire-
arms safety, education, child development, and instruc-
tional design were selected from the public to advise the
research team on the development and evaluation of
ShootSafe.

Data management and statistical analysis
Data entry will be primarily electronic, and data will be
stored on secure servers to preserve confidentiality. Data
analysis will be conducted with condition masked. De-
scriptive analyses will be conducted first to examine the
distributions of key variables and identify any unusual
cases or outliers. Most outcome variables are expected
to be normally distributed, but variables with substan-
tially skewed distributions will be appropriately trans-
formed so that linear models may be applied without
violating assumptions.
Following inspection and interpretation of descriptive

statistics, primary inferential data analyses will address
the study’s specific aims. Primary analyses will be con-
ducted with the full sample using an intention-to-treat
analytic approach.
The first aim is to evaluate whether the website im-

proves children’s knowledge about firearms safety. This
aim will be measured through the scores from the quiz,
photograph, and role play simulation tasks. We will
standardize each outcome variable and evaluate through
correlation matrices and factor analysis to determine if
they appear to be measuring the same underlying con-
struct. If so, they will be aggregated. Otherwise, they will
be assessed as independent outcome variables.
Linear mixed models will evaluate our primary hy-

potheses. Linear mixed models were selected primarily
because they offer the ability to allow for correlation
within each child based on all three of the child’s mea-
surements. Group differences will be tested by fitting the
following model:

E Yijj X;Z
� � ¼ β0 þ β1Xgroup þ β2Xtime

þ β3Xgroup�Xtime

where time will be entered into the model as a categor-
ical variable (baseline vs post vs follow-up) utilizing ef-
fect cell coding so that we can determine whether
changes in the outcomes between different time points
differ by intervention group. Of greatest interest will be
β3, as this parameter will tell us whether the effect of the
intervention group differs between baseline, post-
intervention and follow-up time points. If we find that
β3 is significant, we will perform orthogonal contrasts to
determine which specific time points differ from each
other. To increase statistical efficiency, we will use previ-
ous literature to identify covariates that may be highly
associated with the outcome before statistical analysis,
and those covariates will be included in the linear model
[82, 83].
The second aim is to evaluate efficacy of the program

to improve relevant cognitive skills in two domains, im-
pulse control and hypothetical thinking. As detailed
above, each cognitive skill construct will be assessed via
multiple measures so we will standardize and then ag-
gregate multiple measures for analysis, conducting sep-
arate analyses for any measures that do not aggregate
well. Then, we will fit the same linear mixed model for
each outcome variable.
The third aim is to evaluate the program’s efficacy to

improve children’s perceptions of vulnerability, suscepti-
bility and severity of injury, plus their perception of nor-
mative peer behavior. Each construct will be assessed
through self-report. The final aim, to evaluate the pro-
gram’s efficacy to change children’s behavior around fire-
arms, will be evaluated through the photograph, dollhouse
simulation and role-play simulation tasks. These last two
aims will be evaluated identically to the first two.
We anticipate missing data among the dataset for vari-

ous reasons, including attrition from the study, rare par-
ticipant refusal to conduct particular tests or answer
particular questions and rare equipment failure or ex-
perimenter error. The planned linear mixed models
allow the use of all observed data, including data from
participants with incomplete missing outcome measure-
ment at follow-up, with the relatively mild assumption
of missing at random [84]. We will handle missing co-
variate data through multiple imputation or other appro-
priate analytic strategies.

Power
A power analysis was conducted to determine sample
size using PASS 14 (Power Analysis and Sample Size)
software [85]. Based on previous work [77, 78], we con-
servatively assumed change of 3 (SD = 2) in the Shoot-
Safe website condition and 2 (SD = 2) in the comparison
condition, yielding an anticipated medium effect size of
0.5. That is, we have power to detect a difference of 0.5
standard deviations between the ShootSafe website and
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control condition groups. Using 2 tails and α = .05 and
assuming an independent samples t-test is conducted, a
sample size of 70 per group provides 90% power to de-
tect an effect size as small as 0.5 [86, 87]. With the same
assumptions and retaining n = 70 per group, we estimate
95% power to detect an effect size of at least 0.56 (Fig. 2).
As we are using a linear mixed model to assess the spe-
cific aims rather than a t-test, we will ensure that power
is higher yet than that determined above since we will
incorporate the observed correlation between the trials.
Conservatively inflating 15% to account for attrition,
therefore, our proposed sample size of 162 is amply large
to test our hypotheses.

Study and data monitoring
A data safety monitoring board will be established as an
independent monitor of the study and of participant
safety. The board will be comprised of three individuals
independent from the study team and the sponsor, each
with professional exertise relevant to the project. Interim
analyses will be conducted at least annually and
reviewed by the study statistician and the data safety
monitoring board. All adverse events will be reported to
the Institutional Review Board (IRB). If there is unantici-
pated evidence the intervention may be having adverse
effects, the study protocol will be immediately sus-
pended. Conversations will be held with the data safety
monitoring board and other relevant parties, including
the sponsor and the IRB, to determine whether the
protocol is continued, amended or terminated, with par-
ticipant safety of foremost concern.
Protocol amendments will be reported to all relevant

parties.

Dissemination
Results will be disseminated through peer-reviewed sci-
entific reports prepared by the study team without use

of professional writers and without influence from the
study sponsor. We will work with our university media
team to share results with the general public through
the mass media, also. The study protocol and data will
be made available to qualifed individuals upon request.

Discussion
If the study hypotheses prove true, we view ShootSafe as
a tool with potential for broad dissemination. The next
logical step would be conducting a larger randomized
trial, followed by partnership with appropriate govern-
ment, industry, or non-profit groups to facilitate distri-
bution for wide national and international use.

Abbreviations
CDC: Centers for Disease Control and Prevention; HHS: United States
Department of Health and Human Services; WISC: Wechsler Intelligence
Scales for Children; EATQ-R: Early Adolescent Temperament Questionnaire –
Revised; TTCT: Torrance Tests of Creative Thinking; PASS 14: Power Analysis
and Sample Size; IRB: Institutional Review Board

Acknowledgements
Not applicable.

Authors’ contributions
DCS conceived of the primary ideas for the study and completed the first
draft of the manuscript. DLL developed the statistical analysis plan. DCS, DLL,
MG, JS, YH, and KT contributed to conceptualization, design and
development of the study protocol and ideas, critically revised the
manuscript, and read and approved the final manuscript.

Funding
This publication was supported by the Centers for Disease Control and
Prevention (CDC) of the United States Department of Health and Human
Services (HHS) as part of a financial assistance award totaling $1,950,000,
with 100% funded by CDC/HHS. The contents are those of the author(s) and
do not necessarily represent the official views of, nor an endorsement, by
CDC/HHS, or the United States Government.

Availability of data and materials
The datasets that will be collected during the current study will be available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study protocol received ethics approval from the Institutional Review
Board (IRB) at University of Alabama at Birmingham (Protocol IRB-300006063).
All child participants will provide informed assent to participate, and parents/
legal guardians will provide informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Psychology, University of Alabama at Birmingham, 1300
University Blvd, CH 415, Birmingham, AL 35294, USA. 2Department of
Biostatistics, University of Alabama at Birmingham, 1300 University Blvd, CH
415, Birmingham, USA. 3Department of Pediatrics, University of Alabama at
Birmingham, 1300 University Blvd, CH 415, Birmingham, AL 35294, USA.
4Digital Artefacts, Iowa City, IA, USA.

Fig. 2 Detectable Effect Size by Sample Size at 90 and 95% Power

Schwebel et al. BMC Public Health          (2021) 21:308 Page 10 of 12



Received: 22 January 2021 Accepted: 27 January 2021

References
1. Centers for Disease Control and Prevention [CDC]. (2020). Welcome to WISQ

ARS. https://www.cdc.gov/injury/wisqars/ [Accessed March 16 2020].
2. DiScala C, Sege R. Outcomes in children and young adults who are

hospitalized for firearms-related injuries. Pediatrics. 2004;113:1306–12.
3. Cunningham RM, Carter PM, Zimmerman M. The firearm safety among

children and teens (FACTS) consortium: defining the current state of the
science on pediatric firearm injury prevention. J Behav Med. 2019;42:702–5.

4. Fowler KA, Dahlberg LL, Haileyesus T, Gutierrez C, Bacon S. Childhood
firearm injuries in the United States. Pediatrics. 2017;140:e20163486.

5. Baxley F, Miller M. Parental misperceptions about children and firearms.
Arch Pediatric Adolesc Med. 2017;160:542–7.

6. Schwebel DC, Lewis T, Simon TR, et al. Prevalence and correlates of firearm
ownership in the homes of fifth graders: Birmingham, AL, Houston, TX, and
Los Angeles, CA. Health Educ Behav. 2014;41:299–306.

7. Schwebel DC, Gilliland MJ, Moore JG. Physical environment of the home
and adolescent injury risk. Int Emerg Nurs. 2009;17:47–51.

8. Cole TB, Patetta MJ. Hunting firearm injuries, North Carolina. Amer J Pub
Health. 1988;78:1585–6.

9. Guetschow B, Lilienthal M, Willey M. Unintentional firearm injuries remain
prevalent over a 12 year experience at a rural Midwestern level 1 trauma
center. Iowa Orthopaedic J. 2018;38:45–52.

10. Hemenway D, Barber C, Miller M. Unintentional firearm deaths: a
comparison of other-inflicted and self-inflicted shootings. Accid Anal Prev.
2010;42:1184–8.

11. Steinberg L. A social neuroscience perspective on adolescent risk-taking.
Dev Rev. 2008;28:78–106.

12. Romer D. Adolescent risk taking, impulsivity, and brain development:
implications for prevention. Dev Psychobiol. 2010;52:263–76.

13. RAND. (2020). How Gun Policies Affect Hunting and Recreation. https://
www.rand.org/research/gun-policy/analysis/hunting-and-recreation.html
[Accessed January 14 2021].

14. Backcountry Chronicles. (2020). Women’s view of hunting. https://www.
backcountrychronicles.com/womens-view-hunting/ [Accessed January 14
2021].

15. Schaarsmith AM. (2015). Nationwide and locally, more women are going
fishing and hunting. Pittsburgh Post-Gazette. https://www.post-gazette.
com/life/outdoors/2015/02/22/Nationwide-and-locally-more-women-are-
going-fishing-and-hunting/stories/201502220139 [Accessed January 14
2021].

16. Smith D. (2017). Women hunters: fastest growing hunting demographic in
Wyoming and elsewhere. Wideopenspaces. https://www.wideopenspaces.
com/women-hunters-fastest-growing-hunting-demographic-wyoming-
elsewhere/ [Accessed January 14 2021].

17. Davis AL, Avis KT, Schwebel DC. The effects of acute sleep restriction on
adolescents' pedestrian safety in a virtual environment. J Adol Health. 2013;
53:785–90.

18. Lowe CJ, Safati A, Hall PA. The neurocognitive consequences of sleep
restriction: a meta-analytic review. Neurosci Biobehav Rev. 2017;80:586–604.

19. Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and extension on
school-age children: what a difference an hour makes. Child Dev. 2003;74:
444–55.

20. Stocks JM, Taylor NAS, Tipton MJ, Greenleaf JE. Human physiological
responses to cold exposure. Aviation Space Environ Med. 2004;75:444–57.

21. Damashek A, Williams NA, Sher K, Peterson L. Relation of caregiver alcohol
use to unintentional childhood injury. J Pediatr Psychol. 2009;34:344–53.

22. Statista. (2021). Number of participants in target shooting in the United
States from 2006 to 2017 (in millions). https://www.statista.com/statistics/1
91962/participants-in-target-shooting-in-the-us-since-2006/ [Accessed
January 14 2021].

23. Klopotek B, Weibley R, Chapados R. Air rifles are more than toys: BB gun-
related traumatic brain injury. Pediatr Ann. 2014;43:494–6.

24. Kumar R, Kumar R, Mallory GW, et al. Penetrating head injuries in children
due to BB and pellet guns: a poorly recognized public health risk. J
Neurosurg. 2016;17:215–21.

25. Lee R, Fredrick D. Pediatric eye injuries due to nonpowder guns in the
United States, 2002-2012. J Amer Ass Pediatr Ophthalm Strabismus. 2015;19:
163–8.

26. Holly C, Porter S, Kamienski M, Lim A. School-based and community-based
gun safety educational strategies for injury prevention. Health Promot Pract.
2019;20:38–47.

27. Ngo QM, Sigel E, Moon A, et al. State of the science: a scoping review of
primary prevention of firearm injuries among children and adolescents. J
Behav Med. 2019;42:811–29.

28. Eddie Eagle Tree House. (2020). http://www.eddieeagle.com/#/ [Accessed
January 14 2021].

29. Gatheridge BJ, Miltenberger RG, Huneke DF, et al. Comparison of two
programs to teach firearm injury prevention skills to 6-and 7-year-old
children. Pediatrics. 2004;114:e294–9.

30. Gross A, Miltenberger R, Knudson P, Bosch A, Breitwieser C. B. Preliminary
evaluation of a parent training program to prevent gun play. J App Behav
Anal. 2007;40:691–5.

31. Hanratty LA, Miltenberger RG, Florentino SR. Evaluating the effectiveness of
a teaching package utilizing behavioral skills training and in situ training to
teach gun safety skills in a preschool classroom. J Behav Educ. 2016;25:310–
23.

32. Himle MB, Miltenberger RG, Gatheridge BJ, Flessner CA. An evaluation of
two procedures for training skills to prevent gun play in children. Pediatrics.
2004;113:70–7.

33. Jostad CM, Miltenberger RG, Kelso P, Knudson P. Peer tutoring to prevent
firearm play: acquisition, generalization, and long-term maintenance of
safety skills. J Applied Behav Anal. 2008;41:117–23.

34. Kelso PD, Miltenberger RG, Waters MA, Egemo-Helm K, Bagne AG. Teaching
skills to second and third grade children to prevent gun play: a comparison
of procedures. Educ Treatment Children. 2007;30:29–48.

35. Miltenberger RG, Flessner C, Gatheridge B, Johnson B, Satterlund M, Egemo
K. Evaluation of behavioral skills training to prevent gun play in children. J
Applied Behav Anal. 2004;37:513–6.

36. Miltenberger R, Gross A, Knudson P, Bosch A, Jostad C, Breitwieser C. B.
Evaluating behavioral skills training with and without simulated in situ
training for teaching safety skills to children. Educ Treatment Child. 2009;32:
63–75.

37. Inhelder B, Piaget J. The growth of logical thinking from childhood to
adolescence: An essay on the construction of formal operational structures.
(A. Parsons & S. Milgram, trans.). New York: Basic Books; 1958.

38. Blakemore S, Choudhury S. Development of the adolescent brain:
implications for executive function and social cognition. J Child Psychol
Psych. 2006;47:296–312.

39. Vygotsky LS. Mind in society: the development of higher psychological
processes. Cambridge: Harvard University Press; 1978.

40. Casey BJ, Getz S, Galvan A. The adolescent brain. Dev Rev. 2008;28:62–77.
41. Steinberg L. A dual systems model of adolescent risk-taking. Dev

Psychobiol. 2010;52:216–24.
42. Diamond A, Lee K. Interventions shown to aid executive function

development in children 4 to 12 years old. Science. 2011;333:959–64.
43. Verbeken S, Braet C, Goossens L, van der Oord S. Executive function training

with game elements for obese children: a novel treatment to enhance self-
regulatory abilities for weight-control. Behav Res Ther. 2013;51:290–9.

44. Moshman D. Adolescent psychological development: rationality, morality,
and identity. 2nd ed. Mahwah: Erlbaum; 2005.

45. Baer J. Divergent thinking is not a general trait: a multidomain training
experiment. Creat Res J. 1994;7:35–46.

46. Cliatt MJP, Shaw JM, Sherwood JM. Effects of training on the divergent-
thinking abilities of kindergarten children. Child Dev. 1980;51:1061–4.

47. Benedek M, Fink A, Neubauer AC. Enhancement of ideational fluency by
means of computer-based training. Creat Res J. 2006;18:317–28.

48. Igra V, Irwin CE. Theories of adolescent risk-taking behavior. In: DiClemente
RJ, Hansen WB, Ponton LE, editors. Handbook of adolescent health risk
behavior. Boston: Springer; 1996. p. 35–51.

49. Black S, Hausman A. Adolescents’ views of guns in a high-violence
community. J Adol Res. 2008;23:592–610.

50. Becker MH, Rosenstock IM. Comparing social learning theory and the health
belief model. Adv Health Educ Promot. 1987;2:245–9.

51. Ajzen I. From intentions to actions: a theory of planned behavior. In: Kuhl J,
Beckmann J, editors. Action control. Berlin: Springer; 1985. p. 11–39.

52. Ajzen I. Attitudes, personality, and behavior. Homewood: Dorsey Press; 1988.
53. Bandura A. Self-efficacy: toward a unifying theory of behavioral change.

Psychol Rev. 1977;84:191–215.

Schwebel et al. BMC Public Health          (2021) 21:308 Page 11 of 12

https://www.cdc.gov/injury/wisqars/
https://www.rand.org/research/gun-policy/analysis/hunting-and-recreation.html
https://www.rand.org/research/gun-policy/analysis/hunting-and-recreation.html
https://www.backcountrychronicles.com/womens-view-hunting/
https://www.backcountrychronicles.com/womens-view-hunting/
https://www.post-gazette.com/life/outdoors/2015/02/22/Nationwide-and-locally-more-women-are-going-fishing-and-hunting/stories/201502220139
https://www.post-gazette.com/life/outdoors/2015/02/22/Nationwide-and-locally-more-women-are-going-fishing-and-hunting/stories/201502220139
https://www.post-gazette.com/life/outdoors/2015/02/22/Nationwide-and-locally-more-women-are-going-fishing-and-hunting/stories/201502220139
https://www.wideopenspaces.com/women-hunters-fastest-growing-hunting-demographic-wyoming-elsewhere/
https://www.wideopenspaces.com/women-hunters-fastest-growing-hunting-demographic-wyoming-elsewhere/
https://www.wideopenspaces.com/women-hunters-fastest-growing-hunting-demographic-wyoming-elsewhere/
https://www.statista.com/statistics/191962/participants-in-target-shooting-in-the-us-since-2006/
https://www.statista.com/statistics/191962/participants-in-target-shooting-in-the-us-since-2006/
http://www.eddieeagle.com/


54. Bandura A. The explanatory and predictive scope of self-efficacy theory. J
Soc Clin Psychol. 1986;4:359–73.

55. Weinstein ND. Reducing unrealistic optimism about illness susceptibility.
Health Psychol. 1983;2:11–20.

56. Weinstein ND. Why it won't happen to me: perceptions of risk factors and
susceptibility. Health Psychol. 1984;3:431–57.

57. Meisel ZF, Karlawish J. Narratives vs evidence-based medicine–and, not or.
JAMA. 2011;306:2022–3.

58. Schwarzer R. Self-efficacy in the adoption and maintenance of health
behaviors: theoretical approaches and a new model. In: Schwarzer R, editor.
Self-efficacy: Thought control of action. Washington: Hemisphere; 1992. p.
217–42.

59. Chuang TY, Chen WF. Effect of computer-based video games on children:
An experimental study. In 2007 First IEEE International Workshop on Digital
Game and Intelligent Toy Enhanced Learning (DIGITEL'07) (pp. 114–118).
Jhongli City: IEEE; 2007.

60. Rideout VJ, Vandewater EA, Wartella EA. Zero to six: electronic media in the
lives of infants, toddlers and preschoolers. Menlo Park, CA: Henry J. Kaiser
Family Foundation, 2003.

61. Zevenbergen R, Logan H. Computer use by preschool children: rethinking
practice as digital natives come to preschool. Aust J Early Child. 2008;33:37–
44.

62. Parker K, Horowitz J, Igilenik R, Oliphant B, Brown A. America’s complex
relationship with guns: An in-depth look at the attitudes and experiences of
U.S. adults. Pew Research, 2017. https://www.pewsocialtrends.org/wp-
content/uploads/sites/3/2017/06/Guns-Report-FOR-WEBSITE-PDF-6-21.pdf
[Accessed January 14 2021].

63. Roland M, Torgerson DJ. Understanding controlled trials: what are
pragmatic trials? BMJ. 1998;316:285.

64. Morgan CH, Morrongiello BA, Schwebel DC. Role models or risk models:
short- and long-term effects of superhero media on young children’s risk-
taking behaviors. J Pediatr Psychol, in press.

65. Schwebel DC, McClure LA, Severson J. Teaching children to cross streets
safely: a randomized controlled trial. Health Psychol. 2014;33:628–38.

66. Wechsler D. Wechsler intelligence scale for children-fifth edition. Pearson:
Bloomington; 2014.

67. Capaldi DM, Rothbart MK. Development and validation of an early
adolescent temperament measure. J Early Adol. 1992;12:153–73.

68. Ellis LK, Rothbart MK. Revision of the Early Adolescent Temperament
Questionnaire. Minneapolis: Poster presented at the 2001 Biennial meeting
of the Society for Research in Child Development; 2001.

69. Stroop JR. Studies of interference in serial verbal reactions. J Exp Psychol.
1935;18:643–62.

70. Donders FC. On the speed of mental processes (trans., W. G. Koster). Acta
Psychol. 1869/1969;30:412–31.

71. Bezdjian S, Baker LA, Lozano DI, Raine A. Assessing inattention and
impulsivity in children during the go/NoGo task. Br J Dev Psychol. 2009;27:
365–83.

72. Schwebel DC. Temperamental risk factors for children’s unintentional injury:
the role of impulsivity and inhibitory control. Personal Indiv Differences.
2004;37:567–78.

73. Wechsler D. Wechsler intelligence scale for children. 3rd ed. San Antonio:
The Psychological Corporation; 1991.

74. Lichtenberger EO, Kaufman AS. Essentials of WAIS-IV assessment. New York:
Wiley; 2009.

75. Beebe DW, Pfiffner LJ, McBurnett K. Evaluation of the validity of the
Wechsler Intelligence Scale for Children—third edition comprehension and
picture arrangement subtests as measures of social intelligence. Psychol
Assessment. 2000;12:97–101.

76. Torrance EP. The Torrance Tests of Creative Thinking norms—technical
manual figural (streamlined) forms A & B. Scholastic Testing Service:
Bensenville; 1998.

77. Schwebel DC, Morrongiello BA, Davis AL, Stewart J, Bell M. The blue dog:
evaluation of an interactive software program to teach young children how
to interact safely with dogs. J Pediatr Psychol. 2012;37:272–81.

78. Schwebel DC, Li P, McClure LA, Severson J. Evaluating a website to teach
children safety with dogs: a randomized controlled trial. Int J Environ Res
Pub Health. 2016;13:1198.

79. Shen J, Li S, Xiang H, Pang S, Xu G, Schwebel DC. A multi-site study on the
knowledge, attitudes, beliefs and practice of child-dog interactions in rural
China. Int J Environ Res Pub Health. 2013;10:950–62.

80. Lewis CC. How adolescents approach decisions: changes over grades seven
to twelve and policy implications. Child Dev. 1981;52:538–44.

81. Mann L, Harmoni R, Power C. Adolescent decision-making: the
development of competence. J Adol. 1989;12:265–78.

82. Canner PL. Covariate adjustment of treatment effects in clinical trials.
Controlled Clin Trials. 1991;12:359–66.

83. Lingsma H, Roozenbeek B, Steyerberg E. Covariate adjustment increases
statistical power in randomized controlled trials. J Clin Epid. 2010;63:1391.

84. Molenberghs G, Thijs H, Jansen I, et al. Analyzing incomplete longitudinal
clinical trial data. Biostatistics. 2004;5:445–64.

85. PASS 14 Power Analysis and Sample Size Software NCSS, LLC. Kaysville,
2015. ncss.com/software/pass [Accessed March 31, 2020].

86. Chow SC, Shao J, Wang H. Sample size calculations in clinical research. 2nd
ed. Boca Raton: Chapman & Hall/CRC; 2008.

87. Julious SA. Sample sizes for clinical trials. Boca Raton: Chapman & Hall/CRC;
2010.

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

Schwebel et al. BMC Public Health          (2021) 21:308 Page 12 of 12

https://www.pewsocialtrends.org/wp-content/uploads/sites/3/2017/06/Guns-Report-FOR-WEBSITE-PDF-6-21.pdf
https://www.pewsocialtrends.org/wp-content/uploads/sites/3/2017/06/Guns-Report-FOR-WEBSITE-PDF-6-21.pdf
http://ncss.com/software/pass

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Children and firearms
	Firearms injuries while hunting and shooting
	The culture of hunting
	The culture of shooting
	Previous research: existing firearms safety programs for children
	Present research

	Methods/design
	ShootSafe website
	Transmit knowledge
	Hone relevant cognitive skills
	Revise perceptions about firearms safety
	ShootSafe components

	Randomized design study
	Participants
	General protocol
	Interventions: ShootSafe and Nourish Interactive
	Measures
	Patient and public involvement

	Data management and statistical analysis
	Power

	Study and data monitoring
	Dissemination

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

