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Weapon focus is frequently cited as a factor in eyewitness testimony, and is
broadly defined as a weapon-related decrease in performance on subsequent tests
of memory for those elements of an event or visual scene concurrent to the
weapon. This effect has been attributed to either (a) physiological or emotional
arousal that narrows the attentional beam (arousal/threat hypothesis), or (b) the
cognitive demands inherent in processing an unusual object (e.g. weapon) that is
incongruent with the schema representing the visual scene (unusual item
hypothesis). Meta-analytical techniques were applied to test these theories as well
as to evaluate the prospect of weapon focus in real-world criminal investigations.
Our findings indicated an effect of weapon presence overall (g � 0.53) that was
significantly influenced by retention interval, exposure duration, and threat but
unaffected by whether the event occurred in a laboratory, simulation, or real-
world environment.

Keywords: weapon focus; eyewitness memory; memory; attention; cognition

Introduction

On the afternoon of 24 April 1997 a man walked into a Toronto area coffee shop and

threatened to kill a hostage unless someone provided him with a small sum of money.

The atmosphere was tense, but eventually the occupants met the robber’s demands at

which time he released his hostage and fled the scene. This may sound like a classic

‘hold up’, but what makes this robbery notable is the fact that the hostage was not a

member of the local clientele or even a store clerk � the hostage was a very disturbed

Canada Goose which the perpetrator had brought with him and dramatically

threatened to choke (‘Goose Held Hostage in Canada Robbery’, 1997; as cited by

Mitchell, Livosky, & Mather, 1998). Witnesses were stricken by the absurdity of what

they had observed, apparently having devoted more time to inspecting the goose

than to inspecting the robber.

The story of the ‘goose robber’ is an excellent illustration of how the presence of

an unusual object can impair memory for the peripheral details of an event. The

notion is that eyewitnesses tend to focus their attention on salient or informative

objects within a visual scene, to the detriment of other important details (e.g. the

identity or characteristics of the perpetrator). While the story above demonstrates
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this finding using a goose (see also Pickel, 1999), laboratory studies have historically

investigated this effect using weapons such as guns and knives (e.g. Loftus, Loftus, &

Messo, 1987) resulting in the term weapon focus (e.g. Loftus, 1979).

The potential impact of weapon focus in the real world is substantial. In the
absence of a confession (e.g. Kassin & Gudjonsson, 2004), eyewitness testimony is

one of the most important sources of evidence leading to a conviction (Rand

Corporation, 1975; Yarmey, 2001). As such, any factor that may influence the

accuracy of such testimony must be considered carefully. The purpose of this review

is to evaluate the literature surrounding the weapon focus effect as well as its real-

world applications. Towards this goal we present a summary of the extant literature

followed by a meta-analysis considering some relevant moderator variables. But first

we shall discuss the predominant theoretical explanations of weapon focus to provide
a framework for the interpretation of what is to follow.

Perspectives on the weapon focus effect

Definition of weapon focus

From the perspective of an eyewitness, many details associated with a crime are

important and potentially informative (e.g. the identity of the perpetrator(s), possible
means of escape). However, few details are as salient as a weapon (e.g. Pickel, Ross, &

Truelove, 2006). Research has suggested that the presence of a weapon captures the

attention of eyewitnesses, resulting in poor recall and recognition of the perpetrator

(i.e. feature accuracy) as well as diminished identification accuracy in subsequent

suspect line-ups (e.g. Loftus et al., 1987). As noted above, because it was initially

linked to the presence of a weapon (as opposed to an unusual object more generally),

researchers have traditionally referred to this finding as the weapon focus effect (e.g.

Loftus, 1979). For the purpose of this review, weapon focus shall be defined as an
object-related decrease in memory performance (e.g. feature or identification

accuracy) for those elements of an event or visual scene coinciding with the presence

of the weapon or unusual object. This decrease must not be more parsimoniously

explained by another factor (such as injury). A decrease in performance shall be

considered object-related only if it can be demonstrated that the performance deficit

is associated with the object’s presence via the comparison of object present and

object absent conditions, or comparable visibility conditions (e.g. high and low

visibility; see discussion below). Although this definition is broad in scope, it is
necessary to encompass the breadth of findings related to this topic. Some definitions

of weapon focus assume specific mechanisms underlying this effect (e.g. concentra-

tion of gaze upon the weapon; Loftus et al., 1987) that cannot be gauged in studies

conducted in the real-world or otherwise uncontrolled environments. At this time,

the mechanisms underlying weapon focus remain largely unclear. However, the

majority of studies on this topic have been informed by two theoretical explanations

in particular: the arousal/threat hypothesis and the unusual item hypothesis.

Arousal/ threat hypothesis

Past research has indicated that physiological arousal and performance are

intimately related. An individual’s performance may be enhanced by slightly
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elevating arousal (e.g. Whipple, 1915), but is often negatively affected when the

individual experiences a state of over- or under-arousal (e.g. Yerkes & Dodson,

1908). Easterbrook’s (1959) cue-utilization hypothesis proposed that attention and

arousal interact to determine which aspects of the perceptual environment are
utilized. According to this hypothesis, physiological arousal decreases the number of

environmental cues that may be concurrently monitored. Therefore, in a state of high

physiological arousal, only those cues that are the focus of attention are utilized (i.e.

central cues). On the other hand, peripheral cues remain unmonitored, and are

consequently underutilized. These findings have important implications for memory

encoding and subsequent retrieval when applied to weapon focus. The arousal/threat

hypothesis suggests that the presence of a weapon, by virtue of its threatening nature,

induces a state of elevated physiological arousal. This results in fixation upon the
source of that arousal (i.e. the weapon) as well as a decrease in the number of

monitored cues and an underutilization of peripheral stimuli (Easterbrook, 1959).

Thus memory for central cues (i.e. the weapon) is heightened and memory for

peripheral cues (i.e. details of the perpetrator) is diminished.

Although the arousal/threat hypothesis has been substantiated by some studies

directly manipulating threat or arousal (e.g. Peters, 1988), other studies have failed to

find an effect of such manipulations (e.g. Maass & Kohnken, 1989; Pickel, 1998;

Tooley, Brigham, Maass, & Bothwell, 1987). In fact, weapon focus has been observed
using stimuli that elicit minimal arousal (e.g. Kramer, Buckhout, & Eugenio, 1990;

Pickel, 1999). Inconsistent outcomes of studies predicated on arousal are limited by

methods used to elicit arousal (i.e. artificial laboratory settings) and problematic

operational definitions. For example, arousal could result from anxiety or fear (as

might be experienced by eyewitnesses) or simply an increased state of alertness or

attention (e.g. Brown, 2003; Deffenbacher, Bornstein, Penrod, & McGorty, 2004;

Hope & Wright, 2007; Pickel, 2007). While previous studies have utilized

physiological measures to tap into this construct (e.g. Valentine & Mesout, 2009),
the source of physiological arousal may differentially influence memory recall. Due

to situational variables associated with the interpretation of physiological arousal,

and subsequent influences on memory, the arousal/threat hypothesis has limited

support. As will be discussed in greater detail later, studies examining memory for

actual crimes, where perceived threat and arousal should be greatest, have been

mixed (e.g. Cooper, Kennedy, Herve, & Yuille, 2002; Pike, Brace, & Kyman, 2002;

Valentine, Pickering, & Darling, 2003).

Unusual item hypothesis

In contrast to studies that have associated increased levels of arousal or threat with

attentional narrowing, other research has shown that unusualness may also influence

attention. For example, Antes (1974) found that objects of particular relevance or

informational value are more frequently attended to and for greater durations. In

particular, surprising or unexpected objects attract attention, drawing the observer’s

gaze more readily than objects expected given the scene’s content (Loftus &
Mackworth, 1978). To explain this finding, Loftus and Mackworth (1978) developed

a three-stage model of early visual scene processing. First, the general qualities of the

scene are analyzed to activate the schema most appropriate for the depicted context.

Once a schema has been activated, preliminary processing of the scene’s content is
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undertaken, followed by an evaluation of the degree to which each object is

congruent with the activated schema. Objects exhibiting low schema congruence are

further processed to resolve the incongruity, either by modifying the schema or re-

interpreting the object. As a result, attentional resources are unavailable to process
other aspects of the scene, leading to poor recall of those details (Loftus &

Mackworth, 1978). According to the unusual item hypothesis, weapons are

considered unusual in many contexts and therefore are incongruent with the schemas

activated by common visual scenes. For example, guns are not commonly associated

with convenience stores and therefore the attentional resources of those witnessing a

convenience store robbery would be dedicated to resolving the conflict existing

between the gun and the schema representing their environment. As a result,

peripheral details (e.g. the perpetrator’s face) would not be properly encoded.
Recently, this explanation of weapon focus has been supported by a growing

number of publications demonstrating a weapon focus effect in visual scenes that

contain unusual objects other than weapons (e.g. Mitchell et al., 1998; Pickel, 1998).

It has also been shown that a weapon focus effect will not occur for weapons

congruent with the visual scene in which they appear (e.g. a gun at a shooting range;

Pickel, 1999). While these findings are explained by the unusual item hypothesis, they

are incompatible with the arousal/threat view.

Evidence of the weapon focus effect

We will now review the extant literature on this topic organized by the

methodological approach employed by each article. At first glance, it might appear
that we should categorize each article as either a laboratory study or an investigation

of an actual criminal event. However, whereas some laboratory studies have opted to

use videos or slides to present the event of interest others have staged events such that

participants witnessed them directly. Direct (as opposed to indirect) exposure to a

criminal event could result in measurable differences with respect to arousal,

perceived threat, and salience of the event and the weapon itself (e.g. Davis &

Valentine, 2009; Peters, 2001). These heightened levels are not comparable to those

elicited by viewing a videotape in a controlled laboratory setting and warrant
separate consideration (see Deffenbacher, 2008; Reisberg & Heuer, 2007). Therefore,

Laboratory studies were defined as any investigation conducted in a controlled

environment with indirect exposure to the event of interest (often videos or slides)

such that participants were explicitly aware that the studied material (e.g. the crime)

was not truly occurring. Simulation studies were defined as any investigation

conducted in a controlled environment with direct exposure to the event of interest

(e.g. an enacted scene) such that participants could reasonably believe or imagine

that the studied material was actually occurring. Studies of Actual Crimes were
defined as any investigation conducted using information derived from real-world

criminal events, including interviews, records from police line-ups, or related

materials.

Laboratory studies

In one of the earliest studies of weapon focus, Loftus et al. (1987) explored how the

presence of a weapon influenced picture-viewing behavior. In two identical
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experiments gaze was measured while participants viewed one of two scenarios:

Slides depicted a man (the target) approaching the front of a fast food restaurant

where he displayed either a gun (the weapon condition) or a check (the control

condition). The man then received money and left. Participants in the weapon

condition fixated more frequently and for greater duration upon the critical object

(i.e. the gun) than did participants in the check condition. Participants in the weapon

condition also performed less accurately when administered a target present photo
line-up and multiple-choice questionnaire testing details that had been presented at

the same time as the weapon (Loftus et al., 1987). As a result of this research, the

weapon focus effect garnered much scientific attention, and the aforementioned

theoretical perspectives were applied as explanatory frameworks.

Around the same time Tooley et al. (1987) conducted a study specifically testing

the arousal/threat hypothesis by manipulating attentional focus and arousal. They

presented participants with a series of 24 life-sized slides, each containing a man

standing in a convenience store carrying a weapon (e.g. gun) or non-weapon (e.g. can

of soup) object. Each participant was told to focus his or her attention on a different

aspect of the slide (i.e. face, hands, background, or free focus). As a method of

manipulating arousal, half of the participants were presented with the threat of an

electric shock as well as occasional bursts of white noise. Overall, the presence of a

weapon relative to a non-weapon object decreased performance in a subsequent

recognition task, independent of the arousal condition (Tooley et al., 1987).
Also at this time a wealth of research emerged exploring the factors influencing

eyewitness testimony, including manipulations of weapon visibility (e.g. Cutler &

Penrod, 1988; Cutler, Penrod, & Martens, 1987a,b; Cutler, Penrod, O’Rourke, &

Martens, 1986; O’Rourke, Penrod, Cutler, & Stuve, 1989). Each study utilized

approximately the same methodology involving a short video depicting an armed

robbery where the robber brandished a gun (i.e. high visibility condition) or

concealed a gun in his pocket (i.e. low visibility condition). Following this

presentation, participants were administered a target-present or target-absent photo

line-up. Of these studies, all but one (Cutler & Penrod, 1988) exhibited a small but

significant effect of weapon visibility, indicating that participants in the high visibility

condition showed diminished identification accuracy (Cutler et al., 1986, 1987a, b).

Kramer et al. (1990, Experiment 1) observed a similar effect of weapon visibility

where a bottle (the weapon) was held either at chest level (i.e. high visibility) or

behind the perpetrator’s back (i.e. low visibility) in a card game scenario. In that case

results indicated that high weapon visibility resulted in poor recall of target features

and better recall of the weapon, although no differences in identification accuracy

were found on a target-present photo line-up.
Kramer et al. (1990) conducted a number of other experiments investigating the

role of arousal in the weapon focus effect by attempting to elicit this effect in a stark

environment with minimal arousing properties. In each of four experiments, Kramer

et al. (1990, Experiments 2A�D) presented participants with six sequential slides

depicting a man walking down an austere hallway, carrying a magazine or bloody

meat cleaver. Two of Kramer et al.’s (1990, Experiments 2A�B) experiments

indicated that weapon presence decreased memory of the visual scene, but increased

memory for the weapon itself. The third and fourth studies reduced the number of

slides containing the weapon or magazine. When present for only four slides,

exposure to the weapon resulted in worse recall of the event, but did not affect recall
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of the central object (Kramer et al., 1990; Experiment 2C). However, when the

weapon or magazine was present for only one slide, no significant effects were

observed (Experiment 2D). Furthermore, none of the experiments (i.e. Experiments

2A�D) reported a significant effect of weapon presence on identification accuracy or

self-reported arousal scores.

The finding that weapon focus could be produced without any evidence of self-
reported arousal prompted some researchers to redirect their focus away from

explorations of arousal to unusualness instead. The earliest such study, conducted by

Shaw and Skolnick (1994), failed to produce results supporting the unusual item

hypothesis. These researchers presented participants with a series of six sequential

slides depicting a man or woman exiting a phone booth and walking away carrying a

gun, magazine, or an unusual object (i.e. space cones, conch shell, stethoscope, or

wooden stake). When tested using a target-present photo line-up and questionnaire,

the effect of item type did not reach significance. Furthermore, the data exhibited

a trend opposite all predictions; memory performance was greatest in the gun

condition and worst in the magazine condition. The cause of this pattern is not clear,

but the explanation presented by Shaw and Skolnick (1994), that the experimental

conditions were not arousing or complex enough, is unlikely given the findings of

Kramer et al. (1990).

Subsequent studies exploring the role of unusualness were more fruitful. Mitchell

et al. (1998) presented participants with a video depicting one of four encounters
between two businessmen. During each encounter one of the businessmen would

reach into his briefcase and reveal nothing (i.e. his hand, followed by a handshake), a

stick of celery, a gun displayed in a non-threatening manner, or a gun displayed in a

threatening manner. The presence of a gun (regardless of threat) or a stick of celery

decreased accuracy on a subsequent multiple-choice questionnaire (Mitchell et al.,

1998; Experiment 2). Pickel (1998) independently replicated these findings using

different unusual objects (e.g. a whole raw chicken) while also demonstrating that this

detriment only affected details presented at the same time as the object of interest;

details pertaining to people present prior to the introduction of this object or

following the removal of the object were unaffected.

Subsequent studies explored the role of context. According to the unusual item

hypothesis, weapon focus occurs when an object contained within a visual scene is

incongruent with the schema representing that scene. As a result, attentional

resources are drained as the incongruity between the object and the activated schema

is resolved. This perspective would suggest that the weapon focus effect would not

occur when a weapon is presented in a visual scene in which that weapon is not
considered unusual. Pickel (1999) tested this hypothesis by first manipulating

location (Experiment 1) and the person schema of the individual holding the gun

(Experiment 2). In her first experiment, participants viewed a videotaped encounter

between a woman and a man armed with a gun. Both location (sporting event vs

shooting range) and level of threat (friendly vs menacing demeanor of the man)

associated with the interaction were manipulated. Participants’ memories were tested

using a target-present photo line-up, as well as multiple-choice and cued recall

questions. Recall was worse when the encounter occurred at the sporting event

(incongruent condition) relative to the shooting range (congruent condition). In

contrast, identification accuracy was unaffected by location or threat, and threat had

no effect on recall performance (Pickel, 1999; Experiment 1). This finding was
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supported by Pickel’s (1999) second study. Participants viewed a video depicting a

friendly scene between a woman and a man dressed as either a priest or a police

officer. The man carried either a gun or a cell phone. This resulted in four videos,

three containing an object congruent with the visual scene (officer�phone, officer�
gun, priest�phone) and one containing an object incongruent with the visual scene

(priest�gun). Those in the priest�gun condition exhibited worse recall than those in

the priest-phone condition; no weapon focus effect was observed for the police

officer. Identification accuracy was once again unaffected by weapon presence.

Similar findings have shown that the impairments caused by the presence of a

weapon or unusual item is affected by the degree to which the participant associates

the possession of that item with the particular characteristics of the target. Pickel

(2009) observed a larger weapon focus effect when a gun was carried by a female as
compared to a male (since guns are more associated with males than females; also see

Shaw & Skolnick, 1999; for a similar discussion of race see Tooley et al., 1987) and

a smaller or absent weapon focus effect was observed when the participants were

induced to believe that the target was a dangerous individual prior to the appearance

of the weapon.

One weakness common to most of the experiments supporting the unusual item

hypothesis is that they have only compared the relative effects of weapons and

unusual objects during a subsequent test instead of differences at the time of
encoding. According to the unusual item hypothesis, visual scenes containing a

weapon or usual object are more difficult to process than scenes that do not. As a

result, attentional resources would be less available for other, ongoing secondary

tasks. Using slides, Hope and Wright (2007) presented participants with a short scene

depicting a male actor entering a small store holding a gun, feather duster, or wallet.

Below each slide a box was provided in which a series of even two-digit numbers were

rapidly presented at a rate of 400 ms (with 300 ms between each number). During the

slide containing the object of interest an odd two-digit number was mixed into the
otherwise even presentation stream and participants were required to make a speeded

detection response. Participants in the control condition (wallet) recognized more

features of the target individual than in either the weapon (gun) or unusual item

(feather duster) conditions, which did not differ significantly. Importantly, secondary

task reaction times were also slower during the weapon and unusual item conditions

relative to the control condition. Slower responses for the secondary task in the

presence of a weapon or unusual object (compared to a control object) supports the

notion that visual scenes containing incongruent objects are harder to process.

Simulation studies

Another methodology utilized in the study of weapon focus involves experimental

settings in which staged scenarios are presented to participants in order to simulate

real-world experiences. In a frequently cited manuscript, Johnson and Scott (1976)

detailed one of the earliest studies exploring weapon focus, and one of only a handful

of simulations. Participants sat in a waiting area preceding their ‘experimental
session’, when one of two staged scenarios occurred. In the weapon absent scenario

participants heard a discussion regarding an equipment failure, following which a

man entered the room carrying a grease pen, mumbled, and left. In the weapon

present scenario participants heard a loud argument, including noises indicative of a
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fight, following which a man entered the room carrying a bloody letter opener,

mumbled, and left. Participants in the weapon-present condition exhibited better

memory of the carried item (i.e. the weapon) but were less accurate when selecting the

perpetrator from a photo line-up.

Under more controlled conditions, Maass and Kohnken (1989) attempted to

elicit weapon focus in a pseudo-medical context. They pretended to conduct a study
on sports and well being, thereby making credible the possibility of an injection.

Participants were seated in an office equipped with medical supplies and approached

with a needle (weapon-present condition) or a pen (weapon-absent condition) and

then threatened with an impending injection or not threatened at all. Participants in

the weapon-present condition (compared to the control condition) exhibited greater

recall of the carried item and worse performance on a suspect-absent photo line-up;

neither weapon presence nor threat had any effect on recall for facial details and

threat did not affect suspect identification (Maass & Kohnken, 1989). This finding

was supported by work conducted by Peters (1988) who employed essentially the

same procedure with the exception that each participant actually received an

injection. Evidence of a weapon focus effect was evaluated by comparing memory for

the nurse that administered the injection to memory for a researcher that later

administered a questionnaire. A physical description and identification attempt

(using a target present line-up) was less accurate for the nurse than for the researcher.

In this study accuracy was negatively correlated with measurements of trait anxiety

suggesting a potential role for arousal.
It was almost 20 years before Pickel et al. (2006) published the next simulation

study, this time investigating whether awareness of the weapon focus effect could

diminish its magnitude. These researchers seated participants in a small classroom

and informed them that they were about to observe a short scene portrayed by

actors. However, participants were first provided with one of two brief lectures: (a) a

lecture regarding weapon focus, and how important it is to attend to perpetrator

features instead of dwelling on any weapons they may carry, or (b) a lecture

regarding eyewitness confidence and perceived credibility. In either case, a man

interrupted the lecture by bursting into the classroom bearing a neutral object (a

book) or a weapon (gun). The main finding was that participants presented with the

lecture on eyewitness confidence produced fewer correct details (and more incorrect

details) related to the perpetrator in the weapon condition than in the neutral object

condition. However, object type had no effect on those presented with the weapon

focus lecture. Pickel et al. (2006) concluded that with proper instruction, the weapon

focus effect could be overcome.
Around the same time, Hulse and Memon (2006) published a similar study

investigating whether the training and exposure inherent to the police force was

sufficient to overcome the weapon focus effect. Officers were briefed regarding either

a potential shooting (i.e. weapon-present condition) or domestic disturbance (i.e.

weapon-absent condition) and then brought into a simulation room where the

appropriate disturbance was displayed on a large video screen. Results indicated that

officers in the weapon-present condition exhibited less complete but more accurate

recall of the event (possibly reflecting a conservative reporting bias due to the

severity of the crime). However, weapon presence had no effect on the officers’

description or identification of the perpetrator (Hulse & Memon, 2006). Importantly,

the perpetrator depicted in the weapon condition was visible both before and after

42 J.M. Fawcett et al.



the weapon providing an opportunity to encode their features unhampered by the

weapon’s presence (see Pickel, 1998).

Actual crimes

The degree to which laboratory or simulation studies are capable of emulating real

crimes has been brought into question by many researchers (e.g. Cutshall & Yuille,

1989; Tollestrup, Turtle, & Yuille, 1994). It is possible that participants in traditional

research studies engage different strategies and behavioral patterns than do eye-

witnesses to criminal events. As a result, the weapon focus effect may manifest

differently in the ‘real world’ (Cutshall & Yuille, 1989). Certainly, the personal

relevance of watching a video is limited in its comparison to witnessing a crime such as
an armed robbery (e.g. Tollestrup et al., 1994; van der Kolk, 1996). In some cases the

only witness is the victim, which is a very different experience from that of a passive

observer in the safety of a laboratory (Cutshall & Yuille, 1989). It is for this reason that

data from actual criminal events can be helpful in terms of understanding the

applicability of the weapon focus effect to the real world. Our categorization of actual

crimes included field studies where witnesses were interviewed following a criminal

event, as well as archival research based on reviews of historical case file information

collected by police officers. In general, neither field nor archival studies have reported
an effect of weapon presence on suspect identification or description accuracy.

Tollestrup et al. (1994) conducted one of the first archival analyses to explore

weapon presence as a factor (see also Kuehn, 1974). Their sample included robbery

and fraud cases committed in Vancouver, British Columbia between 1987 and 1989.

Prior to exploring the impact of weapon presence on eyewitness accounts, Tollestrup

et al. (1994) categorized each crime into one of three evidentiary categories. These

categories ranged from negligible evidence to a full confession by the suspect.

However, it is unclear from their report whether these evidentiary categories had any
bearing upon their analysis of weapon presence. Eyewitness accounts were more

complete if a weapon was involved. Weapon presence did not affect feature accuracy

when compared against a description of the individual eventually charged with the

crime and only marginally decreased suspect identification.

Almost a decade later Behrman and Davey (2001) conducted the next archival

analysis of the weapon focus effect using police records pertaining to armed

robberies and other felonies investigated by the Sacramento Police Department

between 1987 and 1998. Prior to evaluating the impact of weapon presence on
eyewitness accounts, these researchers first categorized each crime on the basis of

extrinsic evidence of the suspect’s guilt (see Tollestrup et al., 1994). The effect of

weapon presence was evaluated using photographic line-ups as well as live field

show-ups. Weapon presence did not significantly impact identification accuracy

although the effect was in the appropriate direction for both line-up procedures once

evidentiary category was collapsed.

Around the same time Pike et al. (2002) published a report for the British Home

Office describing data collected from 14 separate police forces. The effect of weapon
presence on identification accuracy was evaluated but did not significantly impair

performance. Like Tollestrup et al. (1994) and Behrman and Davey (2001) the

analysis of weapon presence was conducted largely in the context of robberies or

related crimes (e.g. burglary); however, unlike those other reports Pike et al.’s (2002)
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sample was comprised almost entirely of live as opposed to photo line-ups. Soon

after a similar governmental report was published by Mecklenburg (2006) who �
instead of resorting to archival data � had police officers complete a brief form

summarizing the circumstances surrounding each identification attempt soon after
that attempt was made. Once again no effect of weapon presence was observed on

identification accuracy. This was also true of a study conducted by Valentine et al.

(2003) employing a very similar questionnaire approach within the Greater London

area between January and September 2000: Weapon presence had no impact on the

probability of selecting the police suspect in a live line-up, and even decreased the

probability of selecting a foil in their exploratory analysis (this effect failed to reach

significance in their global model).

Wagstaff, MacVeigh, Scott, Brunas-Wagstaff, and Cole (2003) adopted a
different approach. Instead of evaluating the impact of weapon presence on

identification accuracy they coded police interviews taken from witnesses or victims

of robberies, assaults and rapes investigated by two separate police forces in Britain

(see also Tollestrup et al., 1994). These interviews were compared against a police

description of the primary suspect at the time of their arrest. Again no evidence was

found of any effect of weapon presence on feature accuracy.

Finally, Cooper et al. (2002) conducted a field investigation of weapon focus for

memories of sexual assault in prostitutes. During an interview, participants were
instructed to recall a memory of sexual assault in as much detail as possible. Features

of the narrative, such as the number of unique details recalled and weapon presence,

were coded by the researchers. Their results did not yield any significant differences

in the number of details recalled by prostitutes who were sexually assaulted in

weapon-present versus weapon-absent conditions. The lack of a weapon focus effect

may have resulted from the nature of the crime (i.e. sexual assault). The proximity of

the perpetrator to the victim during the assault may have removed the weapon from

their field of vision, mitigating its effects (see Pickel, 2007) or if the assault occurred
in the context of a sexual transaction gone awry, it is also possible that the victim

may have observed (or even known) their transgressors prior to the production of a

weapon. These issues as well as other potential confounds (e.g. a population

potentially more accustomed to the presence of weapons) make it difficult to draw

strong conclusions from Cooper et al.’s (2002) findings.

Summary

The state of laboratory and simulation research dealing with weapon focus is

promising. Given its relevance to the criminal justice system, empirical studies need

to address why weapon presence appears to be clearly detrimental to feature

accuracy (e.g. recall), but only sporadically affects identification accuracy. In

response to this question, both Steblay (1992) and Pickel (2007) have suggested

that the recall of descriptive details is simply a more sensitive measure than suspect

identification. In addition, the mechanisms underlying weapon focus remain unclear,

although recent findings that unusualness and context play a role are suggestive of
the unusual item hypothesis (e.g. Mitchell et al., 1998; Pickel, 1998, 1999; Pickel,

French, & Betts, 2003). Importantly, the precise role of arousal requires the use of

objective as opposed to subjective methods of quantifying these constructs (e.g.

Hulse & Memon, 2006; Peters, 1988).
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The current state of real-world investigations dealing with weapon focus is much

less promising. Several archival and field studies were reviewed (including two major

governmental reports) none of which produced compelling evidence of the memory

impairments observed in the laboratory. These studies differ from their laboratory
and simulated counterparts in several ways. Measurements of feature accuracy must

be interpreted cautiously due to complications with knowing the ‘ground truth’ of an

event. This is problematic without external verification, especially because traumatic

memories are known to exhibit greater detail, vividness, and consistency than non-

traumatic memories (e.g. Peace & Porter, 2004; Porter & Peace, 2007).

Many researchers that evaluate memory in applied and forensic contexts have

expressed concern over the lack of ground truth when providing accuracy estimates

(e.g. Kuehn, 1974; Malpass, 2006a; Steblay, 2010; Wells, 2008). While measures of
completeness (rather than accuracy) are one way to address this variable (e.g.

Cooper et al., 2002), recent advancements in technology may assist in providing a

degree of external evidence that can be used to substantiate that events occurred as

recollected. For example, recordings of public locations captured on high-quality

closed circuit television (CCTV) may provide ground truth and provide a further

avenue of investigation for the weapon focus effect and/or eyewitness identifications

(e.g. Davis & Valentine, 2009). Another method of establishing ground truth in

field or archival studies is to categorize cases according to the availability and
extensiveness of external corroborative evidence (see Malpass, 2006b; Ross &

Malpass, 2008). This approach has been employed within the line-up identification

literature and divides cases via the absence of extrinsic evidence relative to the

presence of either minimal or substantive incriminating evidence (see Behrman &

Davey, 2001; Tollestrup et al., 1994). Future research employing techniques to

establish ground truth of events used in applied forensic research should follow the

recommendations outlined above.

Despite these concerns, field studies serve a crucial role in generalizing
laboratory findings as well as identifying important research questions otherwise

neglected in the literature. Archival research on the other hand may provide a rich

source of data, but is inherently limited by those who initially recorded details of

the crime. Conclusions from both field and archival studies are often obscured by

the lack of control over variables such as crime duration, witness stress,

intoxication, familiarity of setting, level of questioning, and so forth. Laboratory

studies are useful to tease apart the relative influence of such factors. In addition to

informing laboratory research of possible variables requiring further attention, real-
world investigations may also be informed by laboratory research. For example,

knowing that a weapon or unusual object is likely to attract and maintain the gaze

of an observer (e.g. Loftus et al., 1987), field researchers may be wise to ask

witnesses to retrospectively describe their focus of attention during the event in

question (e.g. on the perpetrator, the weapon, or an escape route). Self-reported

attentional focus may then be used to predict the accuracy of the witness’s account

in the context of a field investigation and perhaps ultimately in a court of law.

Meta-analytical support of the weapon focus effect

The absence of a weapon focus effect in studies of actual criminal events may be

interpreted multiple ways. It is possible that weapons make criminals feel less
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vulnerable and therefore act less cautiously, spend more time at the crime scene, or

venture closer to eyewitnesses thus diminishing the weapon focus effect (Pickel, 1998;

also see Pickel, 2007). Alternately, it could be that actual crimes are too complex,

with too many other influential factors for the presence of a weapon to have a

significant impact on eyewitness memory (Steblay, 1992). Another alternative is that

weapon presence does affect eyewitness memory � only this difference is statistically

obscured by the complexities alluded to above. To explore this possibility we will next

conduct a meta-analysis to evaluate how systematic differences between studies

could account for fluctuations in the magnitude of the weapon focus effect.

Method

Literature search

We conducted a search of the online resources Google, Google Scholar, PsycINFO,

PsychARTICLES, and JSTOR using various combinations of the keywords: weapon,

focus, gun, knife, attention, memory, review, meta-analysis, eyewitness, forensic, archival,

robbery, and crime. This search was conducted periodically until September 2010 and

supplemented by (a) articles referenced in the obtained sources, and (b) articles

collected by contacting the primary authors of the obtained sources. Only articles

containing comparisons fitting the definition of weapon focus provided above were

considered for inclusion. Of the 34 articles identified fitting our description, two were

excluded on the basis of insufficient information to estimate an appropriate effect size

for a viable measure of feature or identification accuracy (Kuehn, 1974; Shaw &

Skolnick, 1994). Another article was excluded on the basis that it used a special

population familiar with weapons and responding to events of a violent criminal

nature (police officers: Hulse & Memon, 2006). Two further studies were excluded

from our primary analysis (but included in a later sub-analysis) because they measured

completeness instead of feature or identification accuracy (see below; Cooper et al.,

2002; Cutshall & Yuille, 1989). Comprehensive notes regarding effect size calculations

are available from the first author upon request. From the remaining 28 studies we

calculated 67 effect sizes � although 20 of these effect sizes were dependent upon each

other (i.e. drawn from the same sample) and therefore collapsed for our overall

analysis. This resulted in the 47 effect sizes summarized as a forest plot in Figure 1.

Articles contributing one or more effect sizes to any of the reported analyses are

indicated in our reference section by an asterisk (*).

Coding guidelines

Prior to conducting our analysis we coded each comparison in terms of six

theoretically motivated moderator variables using the definitions provided below.

Comparisons using weapons and those using unusual objects (or manipulating

context such as to manipulate the unusualness of an object) were kept separate from

each other (see below). The first author initially coded each study � however,

whenever a coding decision was not readily apparent given the provided definition,

two additional coders (co-authors) were consulted.
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Figure 1. Aggregate effect sizes and confidence intervals as a function of experiment arranged into a forest plot. Polygons are provided depicting the

estimated effect size as calculated by separate random-effects models applied to each level of study type, as well as to the overall data.
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Study type

Each effect size was initially coded to reflect the nature of the research from which it

arose using the definitions provided above.

Dependent variable

Each effect size was next coded to reflect the nature of the task from which it arose.

Feature accuracy was defined as any measure testing participants for the details of

the event such that their performance was rewarded for producing correct responses

and penalized for producing incorrect responses. Common tasks falling within this

category included multiple-choice and fill-in-the-blank questionnaires as well as

recall � so long as errors were included in the measure (e.g. by subtracting the

number of incorrect details from the number of correct details). Identification

accuracy was defined more narrowly as the application of a simulated or real forensic

line-up. In this regard it did not matter whether the line-up was conducted in-person

or using photographs or whether the target/suspect was present or absent. Finally,

Completeness was defined as any measure testing participants for the details of the

event such that errors were not taken into account. Tasks falling within this category

were invariably recall tasks or interviews wherein the provided details were counted

but not scored for accuracy.

Retention interval

The time elapsed between the offset of the studied material and the onset of the

associated memory task was initially coded as a continuous variable but was then

converted into an ordinal scale. This conversion was conducted to permit the

inclusion of studies for which the precise delay was not known but for which an

approximation could be made. In a small number of instances multiple dependent

effect sizes having different retention intervals were combined for the purpose of

analysis. In these instances the average interval was computed and used for the

purpose of determining the ordinal value. Retention interval was coded as (a)

immediate for an interval of less than 10 min, (b) short for an interval of more than

10 min but less than 24 h, or (c) long for an interval of 24 h or more. Thus, our

handling of this variable is comparable to a logarithmic transformation of time

grouped into three levels. Therefore, our analysis treats retention interval as a

continuous variable.

Threat

Comparisons were coded as high in threat if there was real, perceived, potential, or

implied bodily harm to the participant, actors, or witnesses involved in or (in the case

of laboratory stimuli) portraying the studied material. Otherwise comparisons were

coded as low in threat. The presence of a weapon was not considered to warrant

potential bodily harm so long as it was not presented in a menacing or criminal

manner (Pickel, 1998) or if assurances were given that the weapon was not to be used

for the purpose of violence (Maass & Kohnken, 1989).
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Exposure duration

The duration for which the participant was exposed to the critical object was initially

coded as a continuous variable but was then converted into an ordinal scale. Much

like retention interval this conversion was conducted to permit the inclusion of

studies for which the precise duration of exposure was not known but for which an

approximate estimate could be made. Exposure duration was coded as (a) short if

exposure lasted 10 s or less, (b) intermediate if exposure lasted between 10 and 60 s,
or (c) long if exposure lasted for more than 60 s. As with our treatment of the ordinal

delay variable above, our coding of exposure duration is likewise comparable to a

logarithmic transformation of time and was therefore treated as a continuous

variable. Because exposure duration was not reported for actual criminal events we

instead assumed that the weapon had been presented for at least 60 s in these crimes.

This assumption is supported by reports indicating the average duration of an armed

robbery (upon which much of the archival and field research is based) to be

somewhere between one and three min (e.g. Gray, 1971; Mastrobuoni, 2010;
Mastrobuoni, 2011).

Object type

As described in detail above, a relatively small but growing number of studies have

investigated the contribution of unusualness to the weapon focus effect. Scenarios

were assigned to the weapon condition if they contained an object commonly

associated with injury (e.g. handgun) or pain (e.g. syringe). Scenarios were assigned

to the unusual condition if they instead contained an object that was unexpected

given the context in which it was presented. Many of the experiments having
manipulated unusualness also included a more traditional weapon condition. In

most cases both the unusual and weapon conditions were dependent upon the same

control condition and therefore sample. As a result both novel and weapon

comparisons could not be included in the same analysis forcing us to conduct a

separate analysis for this variable.

Effect size calculation and analysis

Effect sizes for feature accuracy and completeness were calculated as standardized
mean differences using the escalc function from the metafor package (Viechtbauer,

2010) within R version 2.12.1 (R Development Core Team, 2010). This function

employs the procedure recommended by Hedges (1982) with a correction for positive

bias (see Hedges & Olkin, 1985). Due to its dichotomous nature, a measure of effect

size for identification accuracy was needed that was comparable to the standardized

mean difference. A probit transform was chosen (see Glass, McGaw, & Smith, 1981)

with the sampling variance estimated using the procedure recommended by Sánchez-

Meca, Marı́n-Martı́nez, and Chacón-Moscoso (2003, see Equation (21)). While some
meta-analysts have opted to segregate continuous and dichotomous dependent

variables (e.g. Hazell, O’Connell, Heathcote, Robertson, & Henry, 1995) recent

theorists have recognized the benefits of aggregating these data into a single analysis

(see Chinn, 2000; Lipsey & Wilson, 2000; Sánchez-Meca et al., 2003; Whitehead,

Bailey, & Elbourne, 1999). Most prominently, aggregation maximizes statistical
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power and increases the range of potential moderators producing more robust

predictions. For these reasons we have opted to adopt this approach. However,

whereas both feature and identification accuracy may be viewed as addressing the

fidelity of an eyewitness account, completeness instead speaks only to the vividness

of this account. Accuracy and vividness are separable and often unrelated in memory

research (e.g. Koriat, Goldsmith, & Pansky, 2000; Porter & Peace, 2007); given our

interest in how weapon presence impacts eyewitness accuracy we have therefore

aggregated only measures of feature and identification accuracy. Completeness was

analyzed in a separate sub-analysis. Unless otherwise noted all effect sizes have been

calculated such that a positive value represents greater performance in the control as

opposed to the weapon condition. Therefore, higher (positive) effect sizes represent a

larger weapon focus effect.

Once effect sizes were computed and aggregated, a random-effects model was

fitted to the overall data to estimate the impact of weapon presence on memory

performance. Mixed-effects models were then fitted to the data to test each of the

moderator variables. Prior to developing our model each moderator variable was

centered by subtracting the mean of that variable. Both the random- and mixed-

effects models were generated using the rma function from the metafor package.

While developing our model we employed a maximum likelihood estimator of the

heterogeneity of variance within our model; however, once our model was completed

we switched to a restricted maximum-likelihood estimator instead, which is what

we report below. Restricted maximum-likelihood estimates are less biased than

maximum-likelihood estimates � however, the latter was required to permit

comparison between models as we added and removed moderators (see Viechtbauer,

2010).

Results

Overall effect of weapon presence on memory performance

Results indicated a moderate effect of weapon presence within the aggregate data,

g � 0.53, CI95% � [0.40, 0.66], although our model also indicated a significant

degree of heterogeneity across measures, Q(46) � 223.48, p B 0.01. These data

correspond to the bottom polygon provided in Figure 1. Having established evidence

of a weapon focus effect, we next calculated a fail-safe N to estimate the number of

additional findings averaging to null (g � 0) needed for the effect of weapon

presence to become non-significant (see Rosenthal, 1978). The outcome of this

analysis suggested that 4552 additional comparisons unsupportive of this effect

would need to be included in our analysis to change the outcome from significant to

non-significant. This is over 100 times the number of known articles on this topic.

We next considered our moderators � the model is presented in Table 1.

Retention interval was found to account for a significant portion of the

heterogeneity within the current data, b � �0.27, CI95% � [�0.45, �0.09]. As

retention interval increased effect size decreased resulting in a large effect when

the test followed soon after the studied material, g � 0.91, a moderate to large effect

after a short delay, g � 0.66, and a small to moderate effect after a long delay,

g � 0.38 (see Figure 2a). This pattern could result from either a gradual increase in

performance within the weapon condition or a gradual decrease in performance
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within the control condition as time elapses. This issue is difficult to disentangle

within the context of the current data � too few experiments systematically varied the

time between study and test to evaluate performance in the control and experimental

conditions. Comparison of raw performance measures between studies is compli-

cated because these measures differ in their respective ranges even within the same

dependent variable.
The main effect of Threat also reached significance, b � 0.39, CI95% � [0.14,

0.64], with larger effect sizes in the context of threatening, g � 0.76, as opposed to

non-threatening scenarios, g � 0.37 (see Figure 2b). This finding offers provisional

support for the role of threat as predicted by the arousal/threat hypothesis described

above. There was a significant relation between exposure duration and effect size: The

first-order polynomial failed to reach significance, b � �0.08, CI95% � [�0.27, 0.12],

but was qualified by a significant effect of the second-order polynomial, b � �0.29,

CI95% � [�0.50, �0.08]. Effect sizes were largest at the intermediate exposure

duration, g � 0.67, with smaller effect sizes when the weapon was presented for

an especially short period of time, g � 0.42, or long period of time, g � 0.34 (see

Figure 2c). This pattern suggests that the effect builds with exposure until it reaches

some maximal value at which point the impact of weapon presence begins to

dissipate. The precise nature of the processes behind this relationship is unclear at

this time. It could be that a weapon requires a certain period of exposure to ensure

that the weapon is perceived and captures attention. With prolonged exposure the

shock of the weapon could fade and the viewer could then begin directing their

attention away from the weapon to get a better analysis of their surroundings. This

relationship remains a mystery at this time, but we will discuss it further below.

Our full model is presented in Table 1 and although it accounts for 75% of the

heterogeneity within our results a significant amount of unexplained variance

remains, Q(42) � 84.26, p B 0.01. Figure 3 depicts a funnel plot characterizing this

variance. This plot presents the standard error associated with each effect size (in

descending order) as a function of the residual value calculated within our full

model. It is expected that, as the standard error goes down (higher in the plot),

residuals will become smaller because the sample estimate will tend toward the true

value. Presuming that our residual values are approximately normally distributed this

should result in a pattern similar to a funnel in shape. Overall our residual values

conform nicely to the expected shape with only two studies falling more than two

standard errors from the predicted values: one such study fell above the predicted

value (Pickel, 2009) and another below the predicted value (Shaw & Skolnick, 1999).

Table 1. The final model for our meta-analysis of the aggregate effect sizes. Moderators were

centered prior to analysis (see text for details). Reported values have been rounded to two

decimal places.

Variable b SE Z CI

Intercept 0.67 0.07 9.07 0.52, 0.81

Threat 0.39 0.13 3.05 0.14, 0.64

Retention interval �0.27 0.09 �3.01 �0.45, �0.09

Exposure duration �0.08 0.10 �0.78 �0.27, 0.12

Exposure duration2 �0.29 0.11 �0.29 �0.50, �0.08

QModerators(4) � 46.68, p B 0.01; QError(42) � 84.26, p B 0.01.
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Figure 3 further demonstrates our residuals to be roughly symmetrical around 0.

This assuages any concern that our analysis might have inadvertently excluded a

large body of unpublished articles that had failed to obtain significance. This form of

publication bias occurs within a given literature when it is difficult to publish non-

significant findings and results in an overestimation of the mean effect by eliminating

studies having observed a small or even reversed difference. When present this bias

should manifest within the funnel plot as an asymmetry favoring positive outcomes,

most notably in the lower regions of the plot. This does not appear to be the case and

indeed due to the controversial nature of weapon focus many studies have been

published reporting non-significant results.

Although initially included in our model, the effect of study type accounted for

less than 2% of the heterogeneity observed within our data once other moderators

were included; overall this effect failed to reach significance and was removed from

our model. Nonetheless, due to the relevance of this variable to public policy and the

applicability of weapon focus to actual criminal events we calculated separate effect

sizes for each category of study. The polygons provided at the bottom of Figure 1

demonstrate this effect to be significant in each. This outcome is surprising given the

summary of real-world studies provided above � it has been general knowledge

within this literature that whereas weapon focus was readily observed in the

laboratory there have been no reports to date of a negative effect of weapon

presence on actual eyewitness performance. However, glancing at Figure 1

demonstrates that in almost every reported case the effect has been present � it

has simply been too small to evaluate in the context of a single experiment.
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Figure 3. Funnel plot depicting the relationship between standard error and residuals in our

model. While we did have significant heterogeneity in the full model it can be seen that all but

two of the studies (Pickel, 2009; Shaw & Skolnick, 1999) are less than two standard errors from

the predicted value.
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An astute reader may argue that study type does appear to impact the magnitude

of weapon focus and that this impact is demonstrated by comparing the mean effects

for each type presented in Figure 1. The effect in studies of actual crimes (g � 0.15)

is clearly lower than that representing laboratory (g � 0.55) or simulation studies
(g � 0.82), and the confidence intervals do not overlap. An analysis with only this

variable included as a moderator shows a significant effect of study type explaining

12% of the heterogeneity within those results. The effect of study type vanishes as

soon as any of the moderators presented above are added to the model. This is

because they are better predictors of the variability within our data. One must keep

in mind that the polygons presented in Figure 1 were calculated in the absence of any

moderator variables only to demonstrate the aggregate effect of weapon presence

within those studies. Given our model, one would expect lower effect sizes in studies
of actual criminal events on the basis that these studies are characterized by both

long weapon exposure durations and retention intervals (see above). Importantly, the

mean effect size observed for laboratory studies with similar properties (g � 0.22) is

comparable to those observed in the real-world studies (g � 0.15) included in our

model. Further, the effect was numerically largest for simulation studies � which

apply the control inherent in laboratory work to real events experienced in a

naturalistic setting. These findings suggest that the current difficulty associated with

identifying a strong weapon focus effect in the real world is in large part due to the
nature of criminal events: Witnesses are often exposed to the perpetrator and the

weapon for a protracted period and are not asked to identify the suspect for some

time after the event itself.

Comparing dependent variables

Having completed our primary analysis of the weapon focus effect, separate analyses

were conducted to estimate its magnitude within each of the dependent categories.
Separating the data in this manner reduced the overall range of each moderator

within a given subset preventing us from conducting a full moderator analysis as

undertaken above. Therefore each of the analyses described below represent separate

random-effects models.

Feature accuracy

Thirty-three of the calculated effect sizes used measures of feature accuracy ranging
from cued-recall questions or scored interviews to object identification. This analysis

demonstrated a sizable effect of weapon presence, g � 0.75, CI95% � [0.60, 0.89],

although as before our model also indicated a significant degree of heterogeneity

across measures, Q(32) � 116.12, p B 0.01. We computed a separate fail-safe N for

this analysis that suggested 4803 additional comparisons unsupportive of this effect

would need to be included to change the outcome from significant to non-significant.

Identification accuracy

Thirty-three of the calculated effect sizes used measures of identification accuracy.

These measures included a variety of line-up procedures (e.g. photos, etc.) and both

suspect present and absent arrays. To ease the comparison between feature and
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identification accuracy we opted to maintain the probit-transformed response data

instead of using a more traditional metric such as log-odds ratio � both analyses lead

to precisely the same conclusion and fail-safe N. Identification accuracy reveals only

a small to moderate effect lower in magnitude than that observed for feature
accuracy, g � 0.22, CI95% � [0.13, 0.32]. Unlike our previous models, heterogeneity

across measures did not vary significantly, Q(32) � 44.61, p � 0.05. The finding of

a smaller effect for identification accuracy is not surprising and has been found by an

earlier meta-analysis of this literature (see Steblay, 1992). The fail-safe N for this

analysis suggests that 431 additional comparisons unsupportive of this effect would

need to be included to change the outcome from significant to non-significant.

Completeness

Nine of the calculated effect sizes used measures of completeness. These measures

typically included interviews wherein the number of details produced were counted

but not scored for accuracy. In several of the laboratory studies we are also able to
calculate completeness by adding the number of correct details recalled to the

number of incorrect details recalled instead of subtracting them (Johnson &

Scott, 1976; Pickel, 2009; Pickel et al., 2006). These values are included in this

analysis. There was no effect of weapon presence on the number of details produced,

g � �0.04, CI95% � [�0.35, 0.28], although there was significant heterogeneity

amongst the included effect sizes, Q(8) � 42.47; p B 0.05. We have insufficient data

to properly explore any moderator variables, but striking is that all real world and

simulation studies (n � 4) using completeness tended towards more details produced
in the weapon condition (g � �0.55). The laboratory studies (n � 5) tended towards

fewer details produced in the weapon condition (g � 0.33). These trends may

suggest that completeness is sensitive to the nature of the experiment: in laboratory

studies there is little pressure to produce especially detailed accounts (especially in a

typical recall task) whereas in a criminal investigation more details may be

encouraged, particularly when a weapon is involved. Alternately, it is possible that

completeness is sensitive to one or more of the moderator variables that tend to vary

between real world and laboratory investigations. While research concerning memory
for stimuli that induce negative arousal has been conducted (e.g. Christianson &

Hübinette, 1993; Kensinger, Garoff-Eaton, & Schacter, 2006), there are insufficient

studies exploring how weapon presence influences the vividness of a criminal event to

make any definitive determination at this time. Moreover, these analyses should be

considered cautiously due to our relatively small sample.

The role of threat

The role of threat has already been investigated between studies in the analysis

presented above. A more direct approach with regards to disentangling the

contribution of threat would be to calculate an effect size comparing a weapon

condition in which no one was threatened or injured to a weapon condition in which
someone was threatened or injured. Four experiments specifically manipulated threat

independently of weapon presence, permitting just such an analysis. In using the

threatening and non-threatening scenarios as the respective control and experimental

conditions we ensured that as in the above analyses an effect of threat would manifest
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as a positive value. This analysis revealed a non-significant trend where the weapon

focus effect was larger in the context of a threatening scenario, g � 0.14, CI95% �
[�0.21, 0.48]. The heterogeneity amongst these scores failed to reach significance,

Q(3) � 5.00; p � 0.05. Further studies are required explicitly manipulating this

variable to develop a better notion as to its contributions.

The role of unusualness

The contribution of unusualness to the weapon focus effect was investigated using

two separate approaches. First, we fit a random-effects model to those studies

manipulating unusualness to estimate the relation between the presence of an
unusual object and memory performance. Six comparisons were included in this

model, producing a moderate effect, g � 0.40, CI95% � [0.14, 0.65], without

significant heterogeneity amongst the included measures, Q(5) � 8.17, p � 0.05.

This effect is slightly smaller than that observed in the overall analysis of weapon

presence presented above. Second, we approached this issue in the same manner we

approached the role of threat in the preceding section. We calculated a new measure

of effect size comparing the unusual object and weapon conditions. This comparison

specifically addressed the question: Is there something special about a weapon that

negatively impacts performance even when controlling for unusualness? If this were

the case, we would expect a positive effect representing lower performance in the

weapon condition. The six comparisons included in our original analysis were

recalculated in this manner and joined with three additional comparisons that had

been excluded from that analysis because their manipulation of unusualness involved

a weapon (e.g. a priest with a gun vs a police officer with a gun; Pickel, 1999). This

analysis revealed a non-significant tendency for performance to be higher in the

weapon as opposed to unusual object condition, g � �0.25, CI95% � [�0.63, 0.12].

This time the heterogeneity in the model was significant, Q(8) � 52.88, p B 0.05.

This non-significant effect combined with the direction of the trend provides

provisional support for the position that unusualness is capable of producing an

effect of similar magnitude to that of a weapon.

General discussion

The current paper sought to evaluate the extant literature regarding the impact of

weapon presence on eyewitness memory. Our narrative review was largely in line with

modern conceptualizations of this effect: weapon presence has consistently demon-

strated a negative effect on both feature accuracy and identification accuracy under

controlled conditions (see Steblay, 1992; Pickel, 2007). It has only once demonstrated

even a marginally negative effect on actual suspect identification (Tollestrup et al.,

1994) and has even been shown to decrease false alarms in another preliminary

analysis (Valentine et al., 2003). If we were to stop there we might have concluded

that weapon focus was limited to laboratory and simulation experiments as opposed

to actual criminal events (see Cooper et al., 2002). This position has gained some

support over the years as both field and archival studies have failed to produce a

reliable effect of weapon presence (e.g. Cooper et al., 2002; Valentine et al., 2003).

Our current evaluation of this literature instead suggests that this effect has been
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there all along, obscured but not eliminated by the complexities inherent to real-

world crime.

One of most shocking findings presented above is the disconnection between the

circumstances at play during the witnessing of a crime and the circumstances under

which current laboratory research is being conducted. With some exceptions

laboratory and simulation studies expose their participants to a weapon for only a
very brief period and then test their memory shortly thereafter. Insofar as retention

interval is concerned this arrangement is desirable for pragmatic reasons. In the

context of a laboratory experiment a protracted retention interval would increase the

danger of attrition within the research sample. Retention intervals greater than

several months are not even feasible for researchers reliant upon undergraduates who

are prone to change courses on roughly the same timeline. The importance of

additional studies emulating the progression of interrogation observed in the real

world is driven home by the fact that the marginal effect of weapon presence

observed by Tollestrup et al. (1994) only reached marginal significance when

retention interval was accounted for as a covariate.

Of course, as noted earlier, the precise nature of the relationship between

retention interval and weapon focus remains unclear. The decrease observed in this

effect could result from either an increase in performance within the weapon

condition or a decrease in performance within the control condition. The current

data cannot easily address this issue, but Tollestrup et al. (1994) did observe a
substantial decrease in overall positive suspect identifications as retention interval

increased (see also Valentine et al., 2003). It seems reasonable to predict that the

pattern depicted in Figure 2a arises from this very trend. As time passes perhaps

performance decreases in both weapon and control conditions, but more rapidly in

the control condition as they begin to equate with those exposed to a weapon. This is

a hypothesis highly tractable to experimentation � and even those conducting field or

archival research would be wise to follow Tollestrup et al.’s (1994) example in

controlling for this variable.

More surprising is the lack of any systematic exploration of exposure duration

within the experimental weapon focus literature. Kramer et al. (1990) are perhaps

the only researchers to explicitly manipulate this variable, but they did so by

reducing exposure duration within a narrow time window as opposed to testing the

effects of shorter vs longer exposures per se. Cutler et al. (1987b) manipulated

weapon exposure as well, but confounded it with exposure to the perpetrator.

Tooley et al. (1987) employed a high exposure duration overall using a series of

discrete visual scenes containing weapons but this was both indirect and likely
unintentional. This exposure was not continuous and the role of exposure duration

was not explicitly assessed. Figure 2c suggests that � as with most effects in

psychology � the impact of weapon presence is bounded by under- and over-

exposure (e.g. Yerkes & Dodson, 1908). Both of the theoretical frameworks

detailed above predict this conclusion. The unusual item hypothesis dictates that

attentional resources are drained only so long as the incongruity between the

weapon and the schema representing the scene remains unresolved. Presumably this

conflict would first build and later resolve over time, permitting attention to

process other details of the visual scene. A similar argument could be made for the

arousal/threat hypothesis. As time passes, the mind may become habituated to the

presence of the weapon, and therefore less physiologically aroused by it, allowing
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greater utilization of peripheral cues (Easterbrook, 1959). Laboratory exposure

times have often been limited to a measure of seconds whereas some real-world

crimes may have a much longer duration (e.g. Gray, 1971).

Our analysis of exposure duration was relatively coarse due to the quality of the
information currently available on this topic. Neither field nor archival studies

commonly report the duration for which eyewitnesses are exposed to a weapon

(when present) or the precise duration of the crime itself. These are important details

especially when considered in combination. Another factor that has remained largely

unexplored (again with the exception of Kramer et al., 1990) is the relationship

between exposure to the weapon and exposure to the perpetrator. Virtually all

laboratory investigations of the weapon focus effect confound these variables � with

the weapon appearing and disappearing in synchrony with the individual holding the
weapon. While one might imagine that this is a realistic portrait of actual criminal

activity there are surely crimes involving some pre- or post-exposure to the

perpetrator. In fact laboratory studies would do well to explore both pre- and

post-exposure to the perpetrator once the weapon has been obscured, as there may

be differences in the relative benefits. On the one hand, eyewitnesses may not benefit

as much from pre-exposure as they may not yet realize the importance of the

perpetrator; on the other hand, eyewitnesses may not benefit as much from post-

exposure as they may experience some lingering effects of the weapon even following
its removal. Notably the arousal/threat hypothesis might especially predict the latter

as the physiological reaction to the weapon would require time to fade. This is in

contrast to the unusual item hypothesis that would have a harder time explaining

residual processing of the weapon in relation to the activated schema once the

weapon had been removed. Overall, some real-world crimes can last for a prolonged

duration and the duration of the crime does not necessarily equate with the duration

of weapon exposure. Therefore, knowledge of the specific time course on which the

weapon focus effect builds and dissipates would greatly benefit our understanding of
its role in eyewitness testimony.

Theoretical implications

In conducting our meta-analysis we have attempted to address both of the traditional

theoretical frameworks used in explaining the weapon focus effect. Neither theory

has been definitively supported. We observed significantly larger effect sizes in the

context of threatening as opposed to non-threatening scenarios when threat was
compared between studies (see Figure 2b). We also observed a trend towards the

same general pattern when we computed effect sizes comparing threatening and non-

threatening events within studies. While this certainly suggests that arousal or threat

might play a role in weapon focus, we also identified a sizable effect of unusualness

on aggregate effect sizes when conducted between studies and a non-significant trend

towards a larger impact of unusual items (as opposed to traditional weapons) when

conducted within studies. It would appear that these accounts are in a stalemate,

suggesting a common underlying mechanism (e.g. positive and negative arousal) or
that both arousal and unusualness impact performance (suggesting that the weapon

focus effect is an emergent property of this interaction).

Regarding the former position, previous research has suggested that while

negative arousal (e.g. a defensive response such as fear) may degrade memory,
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positive arousal (e.g. an orienting response such as pleasant surprise) may exert

a similar effect (e.g. Christianson, 1986). Perhaps while viewing unusual objects

participants experience a slight feeling of surprise at the absurdity of the scenario

(e.g. imagine viewing a video of someone trying to rob a store with a goose!). The net
result could be a state of heightened physiological arousal that narrows attentional

focus in a manner similar to the presentation of a weapon. If this were the case, it

could explain why unusual objects impact the ability to respond to peripheral stimuli

(e.g. Hope & Wright, 2007) and in general diminish memory for peripheral details

(e.g. Pickel, 1998, 1999).

This view is not fundamentally different from the unusual item hypothesis

detailed above. It differs only in proscribing the effects associated with the presence

of a weapon or unusual object to the arousing or emotional properties of that object
as opposed to its integration with the surrounding schema. Furthermore this finding

is not even necessarily inconsistent with the probabilistic analysis proposed by Loftus

and Mackworth (1978). Consolidating these views would require only that arousal is

understood as one possible consequence of that analysis or its outcome. In the case

of unusual objects one could dissociate the role of unusualness (i.e. schema

incongruence) from the amusement it entails by independently controlling for these

variables using the same sort of object rating procedure employed by Pickel (1998) to

designate objects as high or low in unusualness or threat. Although no one has
manipulated amusement in this literature, Mitchell et al. (1998) observed that the

effect of unusualness remained even when accounting for self-reported emotional

responses. This provides provisional support for the position that positive arousal

(e.g. pleasant surprise) is not the sole cause of this effect. However, only by

objectively measuring arousal (e.g. heart rate) at the time of encoding and relating

this variable to subsequent memory performance may its role be clearly determined.

Future directions

Despite the growing number of publications exploring the effect of weapons and

other unusual objects on eyewitness memory, there are still many avenues left

unexplored. Below we will briefly discuss several research questions that we believe
would further our knowledge and application of this effect.

Individual differences

Little work has been done investigating how individual differences shape eyewitness

reactions to the presentation of a weapon or unusual object. Both Hulse and Memon

(2006) and to a lesser degree Cooper et al. (2002) studied the impact of weapon

presence in a population perhaps more familiar with weapons and violent criminal

events. Curiously, neither demonstrated a convincing effect of weapon presence �
although this may be attributed to methodological differences as easily as sample

characteristics (see review above). It would be interesting to evaluate the role of prior

exposure to weapons � and perhaps the nature of that exposure � to determine
whether such exposure can mitigate the effect. This work need not be done in the

laboratory, as field studies could attempt to make direct comparison between crimes

involving a weapon in a neighborhood where guns are common vs an area where

guns would be considered unusual.
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Weapon presence and weapon visibility

Several studies (e.g. Cutler et al., 1987a) have treated weapon visibility (concealed or

unconcealed) as a proxy for weapon presence (present or absent). However, no

studies have explored the impact of a concealed weapon relative to a weapon absent

control condition. Is a concealed weapon still capable of producing some degree of

interference? The answer to this question is likely dependent upon the manner and

degree of concealment. For example, would the edge of a gun peeking under a
perpetrators’ shirt be more effective than holding a gun in one’s pocket such that the

gun’s presence is evident despite the gun itself being occluded, and how would these

compare to a condition in which no gun was evident?

Limited data outside the visual modality

The vast majority of studies investigating weapon focus have dealt exclusively with

the visual modality. However, there is one exception: Pickel et al. (2003) explored the

plausibility of a cross-modal weapon focus effect by presenting participants with

concurrent visual and auditory information containing the presence of a weapon or
non-weapon object. In each of two experiments, participants were presented with a

video depicting an encounter between a man and a woman. The man approached the

woman carrying a weapon or mundane object and delivered a dialogue that was easy

or difficult to comprehend. Participants were then administered separate suspect-

present or suspect-absent photo and voice line-ups, as well as a questionnaire

separately measuring their memory of the visual and auditory information presented

in the scene. Both experiments produced the same pattern of results. Participants in

the weapon condition exhibited worse memory for visual details presented at the
same time as the weapon (e.g. perpetrator details). Furthermore, an interaction was

observed between weapon presence and comprehension difficulty indicating that

participants exhibited worse memory for the semantic content of the suspect’s speech

when a weapon was present and the comprehension difficulty was high. Weapon

presence had no effect on photo or voice line-ups, or memory for the auditory

features of the man’s voice (Pickel et al., 2003).

Further, the modality through which the weapon is presented may influence

subsequent recall. For example, verbal (e.g. someone yelling ‘He’s got a gun!’) or
tactile (e.g. feeling a weapon touch the body) presentation of a weapon without the

corresponding visual stimulus may also result in decreased feature or identification

accuracy. Additional research is required to characterize the parameters under which

weapon presence can affect memory for auditory (or other sensory) details.

Completeness and accuracy

The outcome of our sub-analysis exploring the impact of weapon presence on the

completeness of an eyewitness account was inconclusive. However it did suggest that
completeness may be differentially sensitive to one or more of our moderator

variables � or to the demands associated with different methodological approaches.

It would not be difficult to study completeness in the laboratory alongside feature

and identification accuracy. We revealed this in our own analysis by computing

completeness scores for experiments that did not directly explore this variable. This
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computation required only that authors separate correct and incorrect details so that

they may be summated (in addition to subtracted). Our preliminary analysis suggests

that completeness may behave differently in the laboratory relative to the real world.

However we cannot truly make this determination until we have a larger sample of
laboratory and real-world studies using this variable. This is an important topic

because, in the real world, completeness in the absence of accuracy, risks the

possibility of introducing misinformation and possibly misdirecting a criminal

investigation.

Functional novelty

Studies could further elaborate the potential effect of novelty on visual scene

processing by investigating the effect of functional novelty (i.e. using a familiar object

in a novel way). Kramer et al.’s (1990) first experiment unintentionally alluded to this

topic by using a bottle as a weapon, although this concept has not been investigated

directly. Variations on existing research may help to evaluate the influence of
functional novelty. For example, studies with police officers have indicated a

familiarity with the presence of a gun (e.g. Hulse & Memon, 2006), however they

may not expect the perpetrator to throw the gun at their target. While the unusual

item hypothesis would clearly predict that functional novelty within a visual scene

would impair subsequent memory performance (as the use of the object is resolved

against the schema used to represent that object or even the event itself) the arousal/

threat hypothesis would predict such an effect only if such novelty produced

significant changes in arousal (see discussion above).

Conclusion

In the past, weapon focus was given little attention relative to other forensic topics,
and has only recently grown in credibility as a viable area of inquiry (e.g. Egeth, 1993;

Kassin, Tubb, Hosch, & Memon, 2001). In laboratory studies, the weapon focus

effect has been found using a variety of methodologies, ranging from slides (e.g.

Loftus et al., 1987) to videos (e.g. Cutler et al., 1987a) to staged crimes (e.g. Maass &

Kohnken, 1989), and using items ranging from guns (e.g. Hulse & Memon, 2006) to

switchblade knives (Pickel, 2009). Despite a growing body of research, there has

remained a disconnection between experimental findings and real-world applications

of this effect. We have attempted to bring this literature back into focus by providing
both a narrative overview of what has been done as well as an empirical evaluation of

the status of this effect.

Our findings bear very important implications for the development of public

policy on the credibility of the weapon focus phenomenon in a court of law.

Although some studies have found that mock jurors are not heavily influenced by

witness testimony concerning weapon presence (e.g. Cutler, Penrod, & Dexter, 1990),

their conclusions apply more to guilt judgments and not witness credibility. It is not

well understood how judges and jurors would interpret testimony of an eyewitness
who has experienced weapon focus; however, perceptions of testimonial accuracy are

diminished by statement characteristics such as inconsistencies (Brewer, Potter,

Fisher, Bond, & Luszcz, 1999). That being said, the practical implications of

testimony being discounted because of weapon focus (and corresponding memory
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inaccuracies) are dramatic. Both prosecution and defense lawyers would benefit from

expert evidence concerning weapon focus in relevant cases to assure witness

testimony does not lead to miscarriages of justice. Given the general failure to

identify any negative impact of weapon presence in the real world, some researchers

have suggested that the weapon focus effect should be dismissed as irrelevant to the

topic of eyewitness testimony. This argument has recently been supported by two

major governmental reports issued in both the USA (Mecklenburg, 2006) and the

UK (Pike et al., 2002). In each case the authors reported no negative impact of

weapon presence on identification accuracy despite the fact that, upon closer

inspection, both reports demonstrated a trend in this direction. The finding of an

effect of weapon presence on actual suspect identification attempts validates the

inclusion of expert testimony on this topic.

While our focus has been on resolving the tension between laboratory and real-

world research, the mechanisms behind the weapon focus effect remain to be fully

understood. Given the propensity of unusual objects to create an analogous effect,

perhaps it should instead be referred to as salient feature focus or an object saliency

effect (see also Mitchell et al., 1998; Shaw & Skolnick, 1994, 1999; although see Hope

& Wright, 2007). Even if the mechanisms underlying this effect are more relevant to

unusualness than arousal, this does not attenuate its real-world utility. The example

presented at the beginning of this article exemplifies only one unusual situation that

law enforcement officers have encountered. In fact, this was not an isolated incident:

only one month after his notorious coffee shop robbery, the Goose Robber struck

again � this time threatening to cudgel a baby raccoon with a large rock if

pedestrians on the streets of Toronto refused to give him cash (‘Beggar Threatens

Raccoon to Get Cash’, 1997). This example further accentuates the need to

understand how the features (e.g. unusualness, arousal) of a crime may affect a

witness’ memory and perception of the criminal event.

Although our review and meta-analysis offer much in the way of understanding

the nature of weapon focus in real-world crime, it is more a starting point than a final

synopsis on the subject. Upon collating the data for analysis we repeatedly came

across areas in need of further characterization (see discussion above). This is largely

the reason behind our not exploring a more complicated model of analysis and why

we could not explore any potential interactions. The range and variability within our

moderators could simply not support such ambitions. Our challenge to experimen-

talists is to broaden the parameters under which they conduct their research to (at

least at times) better approximate actual eyewitness testimony (e.g. Cutler et al.,

1987a, b); our challenge to those working in the field or archives is to better

characterize and report the details of the event (e.g. exposure duration, crime

duration, etc.) for the benefit of future analyses like the one presented above.
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