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Humans are experts in face perception. We are better able to distinguish between the
differences of faces and their components than between any other kind of objects. Several
studies investigating the underlying neural networks provided evidence for deviated face
processing in criminal individuals, although results are often confounded by accompanying
mental or addiction disorders. On the other hand, face processing in non-criminal healthy
persons can be of high juridical interest in cases of witnessing a felony and afterward iden-
tifying a culprit. Memory and therefore recognition of a person can be affected by many
parameters and thus become distorted. But also face processing itself is modulated by dif-
ferent factors like facial characteristics, degree of familiarity, and emotional relation.These
factors make the comparison of different cases, as well as the transfer of laboratory results
to real live settings very challenging. Several neuroimaging studies have been published
in recent years and some progress was made connecting certain brain activation patterns
with the correct recognition of an individual. However, there is still a long way to go before
brain imaging can make a reliable contribution to court procedures.

Keywords: eyewitness memory, eyewitness testimony, face processing, offender’s memory, identification, fMRI,
real-life events, brain imaging

INTRODUCTION
Our face is a very salient part of our body and maybe the most
memorable feature (Henke et al., 1994). We are able to remember
a great amount of individual faces. Our sensitivity for the small
differences between facial characteristics is higher than for any
other object category (O’Toole, 2005). This is one of the reasons
why face recognition does play such a fundamental role for identi-
fication of a culprit. This applies a fortiori, as faces are less alterable
than clothes or even hair styles.

Since eyewitnesses yield crucial and sometimes even the only
available evidence in court, their testimonies are of critical impor-
tance for the juridical system. Unfortunately, eyewitnesses’ mem-
ories are not immune to decay and distortions. In an investigation
of several cases in which convicts had been exonerated by DNA
evidence afterward, the National Institute of Justice asserted that
mainly eyewitness testimonies had been the most compelling evi-
dence (Connors et al., 1996). Although in some cases eyewitnesses
might have deceitful intentions and even give false confessions
(e.g., to protect themselves or others), false information is often
provided inadvertently for reasons of memory distortion. Our
memories can vanish partly or completely, can be deformed in
many ways or entirely originate from illusion (Markowitsch and
Staniloiu, 2012). But not only eyewitnesses’ memories are prone
to distortion. Offenders’ memories can be modified by different
factors, as well. Although in most cases face identification made
by the offender is of less importance, it can become relevant given
that eyewitnesses might misidentify a person as a culprit or in
some cases might have deceitful intentions. For those reasons,
memories of an offender are fundamental for his or hers defense.
Furthermore, some evidence concerning deviated face processing

in offenders could be obtained in recent years, concluding that
faces are processed differently even during non-criminal events,
as well as facial expressions (Pardini and Phillips, 2010). A bet-
ter comprehension of altered brain activity in culprits might give
an expedient contribution to the understanding of delinquent
behavior.

For literature search and selection, we started with standard
databases like PubMed, PsycInfo, and Web of Science and used a
large quantity of different key words in order to receive the rel-
evant literature for this article. The most fruitful ones have been
amongst others: eyewitness, face processing, face recognition, func-
tional magnetic resonance imaging (fMRI), identification, offender,
and different combinations of these. Secondly, we also used the
“related article” and “cited by” search. We decided not to restrict
ourselves too strongly by this common approach and included
some articles which were obtained differently but contributed
significantly to our topic as well as a few book chapters. Selec-
tion criteria were currentness of data, meeting the methodological
demands, and topic relatedness. For other domains like memory
influencing factors in the introduction, we conducted a separate
literature search using other keywords, mainly memory in com-
bination with different terms like alcohol, age, amnesia, attention,
context dependent, emotion, false memory, intoxication, stress, and
trustworthiness.

By reviewing the eminent literature we will (a) give an intro-
duction to the general factors that can affect memory storage
and retrieval in eyewitnesses and offenders, with an excursus on
their treatment in police investigations; (b) comprise in partic-
ular which brain areas are involved in face recognition and how
such correlates are influenced by internal and external factors; (c)

Frontiers in Behavioral Neuroscience www.frontiersin.org December 2013 | Volume 7 | Article 189 | 1

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Publications at Bielefeld University

https://core.ac.uk/display/19333482?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org/Behavioral_Neuroscience/editorialboard
http://www.frontiersin.org/Behavioral_Neuroscience/editorialboard
http://www.frontiersin.org/Behavioral_Neuroscience/editorialboard
http://www.frontiersin.org/Behavioral_Neuroscience/about
http://www.frontiersin.org/Journal/10.3389/fnbeh.2013.00189/abstract
http://www.frontiersin.org/Journal/10.3389/fnbeh.2013.00189/abstract
http://www.frontiersin.org/people/u/66798
http://www.frontiersin.org/people/SinaK�hnel/123921
http://www.frontiersin.org/people/u/47961
mailto:nwerner@uni-bielefeld.de
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Werner et al. Neuroscience of face processing

explore the role of face processing, memory distortions, and deceit
in offenders; (d) examine the comparability of data obtained in a
laboratory environment to actual events and (e) conclude by dis-
cussing the relevance of these findings for juridical purposes, while
providing a perspective on the challenges that still lie ahead.

FALSE MEMORIES
Next to incomplete memory encoding and memory loss, the cre-
ation of false memories poses a considerable challenge for lawyers
and experts. The term “false memory” refers to the recollection
of an event that has actually been experienced differently or even
not at all (Kühnel and Markowitsch, 2009). While memory loss
usually works for the benefit of the culprit, false memories can
lead to wrong convictions and imprisonment of innocent people
(Busey and Loftus, 2007). They are a normal everyday phenome-
non, but have serious consequences in court. When talking about
eyewitnesses in the following, we have to keep in mind that offend-
ers are also eyewitnesses to a certain extent and many memory
influencing factors apply for their memories as well. Brainerd and
Reyna (2005) reported a case of a man who after a suggestive
police interview accused himself of murdering is infant son. Later
evidence given by experts who assumed that the injuries were
not likely to be caused in the way the accused had described and
recordings of the police interview led to the assumption that the
confession was coerced. Though false memories appear regularly,
certain conditions can enhance their occurrence. In police inter-
views, caution is indicated, as eyewitnesses can be very prone to
suggestions (Loftus, 2011). This may be promoted by the mental
or physical constitution of the eyewitness (for example high emo-
tional state, stress, or sleep-deprivation) or social demands like the
wish to help the police and to catch the culprit. Zhu et al. (2010)
also reported individual differences in false memory concerning
the exposure to misinformation. They found a negative correlation
with intelligence, perception, memory, and face judgment abilities.
Misinformation can be obtained by conversation with other eye-
witnesses or by suggestive questions during the police interview.
Suggestive questions can include false or at least new informa-
tion for the eyewitness. They can also facilitate the creation of
false memories without providing any new content, for example
by presuming that the eyewitness must have observed something
(Brainerd and Reyna, 2005). However, questioning cannot only
provoke false memories, but it can also induce forgetting (Migue-
les and García-Bajos, 2007; Camp et al., 2012). Retrieval practice
normally enhances recollection of the studied items, but it can
have opposite effects on related but not recapitulated informa-
tion. This phenomenon has been observed with respect to, for
example, the memory of offender’s characteristics. A multitude of
factors affects eyewitnesses’ memory, such as the wording of ques-
tions, post-event information, confidence malleability, attitudes
and expectations, exposure time, presentation format, or alcohol
intoxication (Kassin et al., 2001).

Though guidelines for the treatment of eyewitnesses do exist
(Technical Working Group for Eyewitness Evidence, 2003), Wright
(2007) gave voice to his concern that jurors might not be aware of
the differences between presentation formats for offender identi-
fication (e.g., sequential and simultaneous lineups) and their reli-
ability. Apparently, not only eyewitnesses and suspects have to be

handled with care for preserving their memories, but also judges,
advocates, and jurors must be sensitized to possible memory
influencing factors.

INFLUENCES ON MEMORY ACCURACY AND QUANTITY
Memory performance can be influenced by many different factors.
Below we highlight some of those memory enhancing or impair-
ing variables, although we cannot assume the possibility of giving
an exhausting overview.

Age is one important factor that affects memory of events.
Infantile eyewitnesses pose a special challenge to investigators,
inasmuch as they are more susceptible to suggestions and research
approaches are limited for ethical reasons. In a group of children
aged 5–12 years old, older children were more prone to connect
gist-based information across several events than younger chil-
dren (Odegard et al., 2009). Clifford et al. (2012), who compared
7- to 8-year-olds with a group of 13- to 14-year-olds, also found the
younger children to be more vulnerable to the detrimental effects
of time delay in an identification task. In a study conducted by
Humphries et al. (2012), adults made more correct identifications
in the sequential lineup video condition than 5- to 6-year-olds
and 9- to 10-year-olds, but not in the simultaneous and in elimina-
tion lineups. During target-absent lineups, adults exhibited higher
correct rejection rates than children, regardless of lineup condi-
tion. At the upper end of the age range, findings are quite mixed.
Elderly persons (aged 57–73) tended to make more false alarms
than younger adults (aged 19–27) in an experiment by García-
Bajos et al. (2012). They also performed poorer in a recall task, but
only regarding actions untypical for the event (i.e., a bank robbery,
a video of which had been shown to the participants). Neverthe-
less, there was no difference in recall between groups concerning
highly typical actions. Notwithstanding lower recall scores, elderly
persons seem to be less prone to misinformation effects under
special circumstances. In an experiment by West and Stone (2013)
younger adults made more mistakes due to misinformation than
older adults when learning occurred incidentally, but not when it
was intended. Maybe less complete information processing in the
older group might have worked in this case to their benefit. Given
these results, it can be concluded, that although differences exist
between older and younger adults’ memory abilities, they may
be more or less pronounced depending on the exact investigated
skills.

The capability of identifying unfamiliar faces varies largely over
individuals, and we still do not completely understand the underly-
ing mechanisms. Megreya and Bindemann (2013) investigated the
relationship between identification abilities and personality and
found higher identification skills for women who scored low on
anxiety and tension and high on emotional stability. The impact of
personality on eyewitness testimony is still unclear, but although
findings are still somehow heterogeneous, our understanding of
other modulating factors is much less limited.

Most studies dealing with the influences of alcohol on eyewit-
ness memory report alcohol intoxication to cause reduced recall
accuracy (van Oorsouw and Merckelbach, 2012) as well as impair-
ment of conscious recollection (Ray and Bates, 2006). However,
familiarity-based recollection seems to be not affected (Bisby et al.,
2010). Regarding the recognition of perpetrators, these findings
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imply that identification ability in lineups or photospreads in
which the culprit is present is apparently not impaired by alco-
hol consumption, although it comes to more false identifications
in culprit-absent trials (Yuille and Tollestrup, 1990; Dysart et al.,
2002). Read et al. (1992) found that alcohol reduced person identi-
fication in a consecutive study, but only when participants’ arousal
was low. In contrast, Schreiber Compo et al. (2012) could not find
a significant difference between the amount of accurate or inac-
curate details (as well as “I don’t know” statements) reported by
sober and intoxicated participants. However, under certain cir-
cumstances, alcohol might even benefit memory. In a study by
Moulton et al. (2005), alcohol administered after learning facili-
tated recall of prose passages read before. Perhaps alcohol preserves
recently acquired memories by suppressing cognitive interference
with new material. The impact of alcohol on eyewitness testimony
may therefore depend on the timing of consumption. Interest-
ingly, numerous studies have been performed since many decades
that revealed state-dependent recall under alcohol (e.g., Goodwin
et al., 1969; Hoffman et al., 1997). Weingartner et al. (1976) for
instance found that encoding under alcohol intoxication should
be followed by retrieval under alcohol intoxication. If individu-
als are sober at retrieval while they had learned the words while
intoxicated, they performed poorer than in the matched condition.
In any case, alcohol intoxication in witnesses during the incident
seems to be widespread. Astonishingly, only few general guide-
lines for interviewing intoxicated eyewitnesses exist (Evans et al.,
2009b), so that sober and intoxicated eyewitness are often treated
quite similarly (Palmer et al., 2013). Nevertheless, the results of an
experiment conducted by Evans and Schreiber Compo (2010) are
somehow more encouraging: even if participants did not consider
the whole range of potential factors and their interactions, they
were quite aware of possible derogating effects of alcohol on eye-
witnesses’ cognitive abilities and these considerations modulated
their verdicts. But for including such considerations, jurors must
be informed about possible intoxications and according to Evans
et al. (2009b), 71% of the investigators do not use an instrument
for determining the breath alcohol content when intoxication is
suspected. This illustrates the need for standardized guidelines.

Results concerning the impact of stress on eyewitness mem-
ory are diverse as well. Stress can enhance memory for central
events, especially in comparison to peripheral events, if stimuli
are encoded under arousal and stress is experienced shortly after
encoding (McGaugh and Roozendaal, 2002; Echterhoff and Wolf,
2012; McGaugh, 2013). Cahill et al. (2003) found a beneficial effect
of post-learning stress on emotionally arousing stimuli but not on
neutral items. Other studies argue for more detrimental effects
of stress. In two studies described by Wolf et al. (2004), corti-
sol administration had more detrimental effects on the retrieval
of neutral autobiographic episodes, while it impaired retrieval of
emotional words from a word list (cf. Kuhlmann et al., 2005; de
Quervain et al., 2007). The way in which stress affects memory
for emotional content, seems to depend on the kind of stim-
uli learned. Kuhlmann and Wolf (2006) observed stress-induced
recall enhancement for emotional pictures and an impairment for
neutral pictures while recognition remained unaffected (cf. Liu
et al., 2008). Stress can also exacerbate the misinformation effect
(Morgan et al., 2013) and stress during encoding can lead to a

more liberal response bias (Qin et al., 2012). Participants com-
pleting a high-intensity physical-assault exercise before encoding
showed impaired performance in recall and recognition. They
were also less able to identify a target in a lineup (Valentine and
Mesout, 2009; Hope et al., 2012). Andreano and Cahill (2006)
found an inverted-U relationship between dose of endogenous
stress hormones and memory in men but not in women. Hence,
stress intensity might also contribute to enhancing and impair-
ing effects of stress. Furthermore, stress also modulates the extent
of involvement of several brain structures (Schwabe and Wolf,
2012). In summary, the effect of stress on memory depends on
many parameters like gender, stress intensity, emotional valence,
time between learning and retrieval, context (Schwabe et al., 2009),
time of stress induction (Smeets et al., 2008; Wolf, 2012), stimuli
material, and its relatedness to the stressor (Smeets et al., 2009).

Several studies have been conducted concerning context-
dependent memory. Congruence between the context of a per-
ceived event and the retrieval situation can enhance memory for
this event (cf. Smith and Vela, 2001 for a review). Context can refer,
e.g., to the physical environment (Godden and Baddeley, 1975) or
to the physiological state like intoxication (Eich, 1980) but also to
the experienced mood during learning phase and retrieval phase
(Fitzgerald et al., 2011).

One phenomenon with impact on our attention and therefore
on our memory is referred to as “weapon focus.” Negative arous-
ing objects in a scene (e.g., weapons) can reduce recognizability of
peripheral information (Easterbrook, 1959; Kensinger and Schac-
ter, 2007; Kensinger et al., 2007; Waring and Kensinger, 2009). In
general, memory for details of negative arousing stimuli seems to
be enhanced compared to neutral objects (Kensinger et al., 2006).
On the other hand, emotionally aversive stimuli can disrupt later
recall of previously retrieved neutral information (Strange et al.,
2003, 2010). Interestingly, Hurlemann et al. (2005) could not only
demonstrate negative items to elicit retrograde amnesia for pre-
ceding neutral words, but also found positive stimuli to induce
hypermnesia for previously recapitulated neutral items. They also
observed emotionally arousing stimuli – negative items as well
as positive items – to provoke anterograde amnesia. Thus, valence
and arousal seem to make different contributions to memory, with
valence determining enhancing or impairing effects on retrograde
memory and arousal affecting anterograde memory (Hurlemann,
2006). But the experience of an aversive event cannot only induce
amnesia, it can also lead to anxiety disorders like post-traumatic
stress disorder (PTSD) (Mineka and Oehlberg, 2008).

The influences discussed above rather concern general mem-
ory abilities and possible influencing factors. Below we now
will address the more specific field of face recognition and the
underlying neuronal processes.

MEMORY AND FACE PROCESSING IN EYEWITNESSES
Because humans are better able to distinguish between faces than
between objects of any other category, this expertise in face pro-
cessing led to a wide discussion about the existence of specialized
brain areas which are solely responsible for face processing (Sato
and Yoshikawa, 2013). A lot of light was shed by the examination
of patients with prosopagnosia, an inability of identifying previ-
ously known persons by watching their faces (Damasio et al., 1990;
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Minnebusch et al., 2009). Typically these patients remain capable
of recognizing relatives and friends from voice, categorizing faces
as faces, and are often even able to interpret facial expressions
(Tranel et al., 1988).

We have to consider that face recognition involves a lot of differ-
ent processes. In the eyewitness context, the aim is to distinguish
between familiar und unfamiliar faces (Have you seen this man
before?), or even better: to ascertain a special identity of a person
(Is this the man who offended you?). But a lot of variables modulate
the way in which faces are analyzed, like the individual components
of the face (Itier et al., 2006), race (Phelps et al., 2000; Behrman
and Davey, 2001; Golby et al., 2001; Johnson and Frederickson,
2005; Turk et al., 2005), sex (Lewin and Herlitz, 2002; Rahman
et al., 2004; Hofmann et al., 2006; Rehnman and Herlitz, 2007;
McBain et al., 2009), expressed mood (Kaufmann and Schwein-
berger, 2004; Schulte-Rüther et al., 2007), movement (Roark et al.,
2003; Lander and Davies, 2007), and the eyewitness’ age (Memon
et al., 2003a; Firestone et al., 2007). Likewise, hair does have an
effect on eyewitness accuracy (Wright and Sladden, 2003; Frowd
et al., 2012c), but is often excluded from face recognition studies
which might be wise also in respect of delinquents often wearing
headgears.

Face processing always seems to cause activation in the face
fusiform regions, but encoding and recall of learned faces must uti-
lize more extended networks (Elgar and Campbell, 2001; Steeves
et al., 2006; Lee et al., 2012; Parvizi et al., 2012), like participa-
tion of the anterior temporal cortex including the anterior tip of
the collateral sulcus (Nestor et al., 2011; Nasr and Tootell, 2012).
Rossion et al. (2012) used intact and scrambled versions of object
and face pictures to unravel the neural mechanisms behind face
processing in an fMRI block design experiment. They identified
several clusters: e.g., in the pulvinar, inferior occipital gyrus, poste-
rior superior temporal gyrus, anterior infero-temporal cortex, and
amygdala, all with a pronounced right lateralization. The mid-
dle fusiform gyrus distinguished best between faces and objects
but because of its concomitant differentiation between the pic-
tures of cars and scrambled cars it was also identified as the least
face-selective region of the ones mentioned above.

Even the kind of familiarity we experience while watching a
face, the way in which we became acquainted with someone, does
play a role. The processing of famous faces in comparison to
personally familiar faces involves different brain areas (Sugiura
et al., 2011). Von Der Heide et al. (2013) included 25 fMRI studies
in a meta-analysis dealing with famous faces and familiar faces
stimuli and also conducted an own empirical fMRI experiment
with picture stimuli of faces differing in famousness and personal
relationship. Baseline images consisted of blurred and landmark
pictures. The authors found higher left-lateralized anterior tem-
poral lobe activations for familiar faces, while activation associated
with novel individuals was evoked in the right anterior temporal
lobe. Activation connected to personally familiar faces and famous
faces partially overlapped, but famous faces activation exhibited a
more ventral pattern. The study design is somehow problematic as
experimental tasks differed between famous and familiar faces. For
familiar faces, participants rated which of two presented known
persons they feel closer to, while in the famous faces condition, par-
ticipants had to complete a 0-back task indicating if two images of

the same category (famous vs. non-famous) appeared in succes-
sion. But it can be concluded that any of the mentioned aspects
above, like the individual characteristics of face components and
their relation to each other, evoke slightly different combinations
of neural collaboration. This is one of the reasons why clarifying
the underlying neural mechanisms is so demanding. For a holistic
understanding, face recognition has to be broken down to many
single processes, which probably do not stand for themselves, but
depend on each other.

From a criminological perspective, the most intriguing aspects
are: (i) the distinction between familiar and unfamiliar (Shah et al.,
2001) and (ii) the precise source, i.e., where, when, and under
what circumstances someone has been seen before. The first issue
was addressed by Gobbini and Haxby (2006) who compared the
neural responses to known faces with activation corresponding to
new faces in an event-related fMRI study. Familiarity of known
faces was induced experimentally in order to avoid any biograph-
ical or emotional content. The authors found higher activation
in the precuneus while watching familiar faces. Observing new
faces led to higher responses in the fusiform gyrus and the amyg-
dala. The authors suggested that this might reflect higher encoding
effort (or increased attentional load) and an elevated guarding
function, respectively. In a preceding fMRI study (Gobbini et al.,
2004), similar results have been found with the amygdala show-
ing lower activation during presentation of personal familiar faces
compared to famous familiar faces and faces of strangers. New
faces were associated with higher activation in the fusiform gyrus
in contrast to famous familiar faces. But no difference between
faces of strangers and faces of personally acquainted persons was
detected in this region. Familiarity’s effect on this area does not
seem to be linear. Gobbini and Haxby (2007) also proposed a
new model for face recognition consisting of the three elemental
parts “visual appearance,” “person knowledge” (e.g., information
about traits, intentions, attitudes, biographical facts, and episodic
memories), and the“emotional response.”These components may
involve different brain structures and failure to access one of them
could lead to impaired recognition. The emotional response to
the face of an offender will obviously differ from the reaction to
beloved relatives or friends and consequently alter brain activa-
tion. Unrestricted transferability from those findings to criminal
contexts is indeed questionable. To untangle the underlying neural
mechanisms involved in recognition of a culprit’s face, we have to
investigate more realistic settings which exhibit criminal content.
But before we have a closer look on studies facing this issue, we
must keep in mind that several methods and approaches exist
to confront eyewitnesses with suspects or rather to extract the
wanted facial details from their memories: like lineups (Clark and
Tunnicliff, 2001; Wells and Olson, 2003), showups, photospreads
(Yarmey, 2004), mug shots, or facial-composite production (Wells
and Hasel, 2007). It is rather obvious that these different proce-
dures do not only lead to different results in memory accuracy, but
will also affect the incidental brain activity. Furthermore, there is
evidence that the amygdala is active toward attractiveness of a face,
particularly its eyes (Demos et al., 2008) and that individuals – such
as boys with conduct problems and callous-unemotional traits –
may be unable to detect the emotional expression of a face due to
amygdala hypoactivity (Jones et al., 2009). Adolphs et al. (1998)
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also found three subjects with complete bilateral amydala damage
to judge faces as more trustworthy and approachable than healthy
individuals. These findings are in accord with the results obtained
by Winston et al. (2002) who could also show in an event-related
fMRI study the bilateral amygdala to be involved in ratings of faces
as untrustworthy, as well as the right insula, while activation in the
right superior temporal sulcus was correlated with judgments as
trustworthy.

Lefebvre et al. (2007) measured event-related brain potentials
in culprit present and absent lineup tasks at different levels of
time delay. Participants first watched four videos, all showing a
mock burglary incident. They were also instructed to pretend that
they had observed a real crime, for which they were the only wit-
nesses. Although memory accuracy deteriorated over time, P300
remained a reliable predictor for correct identification. In culprit-
absent lineups, P300 was reduced. It would indeed be desirable to
extract information about the identity of a culprit even when the
eyewitness is unaware of the correct features. Aspiring to make
a contribution to this issue, Iiadaka et al. (2012) induced false
memories in a face recognition fMRI experiment. The authors
used morphed pictures of faces to evoke a false familiarity for
lure faces. During the test phase, participants were confronted
with old, new, and lure targets in a randomized order. Feelings
of familiarity were correlated to activation in the orbital cortices,
as well as to neural response in the left amygdala. Here, activ-
ity was highest for correct responses, lowest for incorrect answers
regarding old and new items. Neural reaction to incorrect answers
concerning lure items (i.e., stating a lure item as old) and therefore
related to false memories fell somewhere in between. A partic-
ipation in false memories could be unveiled in a region in the
anterior cingulate cortex. In this area, activation was correlated
with the difference in reaction times observed for lure items. Very
demanding is the question what happens when we misinterpret
a face as familiar while the accordant person is unknown to us.
Do we only mix up similar characteristics of two faces as it would
be true for the lure items? Moreover, incorrect answers to com-
pletely new faces could be just as illuminating. Unfortunately,
although Iiadaka et al. (2012) recorded participants’ confidence
ratings (indicating how sure they feel about their responses), the
authors could not differentiate between certainty statements due
to a lack of answers expressed with high confidence (cf. Risius
et al., 2013).

We must bear in mind our objective is not only to help eye-
witnesses remember correctly and avoid the creation of false
memories, but that eyewitnesses can also be deceitful for a variety
of reasons (e.g., to protect themselves or others). Bhatt et al. (2009)
conducted an fMRI study in which participants were confronted
with target present and target absent photo lineups. Targets had
been learned previously. The subjects were partly instructed to
lie and to conceal the identity of the learned face and to pretend
that another face is the recognized one. During the truthful tri-
als, it was their task to identify the known face and to pick any if
no face seemed familiar to them. Lying was correlated with acti-
vation in the medial frontal gyrus, red nucleus, inferior frontal
gyrus, supramarginal gyrus, superior frontal gyrus, dorsolateral
prefrontal cortex (all occurring right-lateralized), and the bilateral
precuneus.

As the entirety of the studies presented above clearly shows, we
are not just dealing with one distinct network for face recogni-
tion but rather with a set of different brain areas that are more or
less involved depending on the precise face processing demands.
We thus have to face the far more difficult task of unraveling a
multitude of interactions. While a complete understanding of face
recognition on a neural level will probably elude us for quite a
while, some neural correlates allow at least for a certain degree of
predictability in a specialized setting.

MEMORY AND FACE PROCESSING IN OFFENDERS
Since we began to discuss the possibility of eyewitnesses operating
as delinquents, we must be aware of the fact that offenders are
eyewitnesses as well and that it is of high juridical interest to learn
about their contingent memory specifics. However, whereas the
mechanisms of face recognition are of particular interest in eyewit-
ness testimony, they are not in the focus of attention in offender’s
memory. Nonetheless, some insight could be gained referring to
altered brain activation during face processing in offenders, for
instance regarding emotional expressions as has been demon-
strated in a couple of studies. In a case-report paradigm, Hoff
et al. (2009) collected fMRI data from a psychopath with criminal
background and a control group performing an n-back task with
drawn facial expressions and scrambled drawings. The researchers
found pronounced differences between groups: facial expressions
involved phylogenetically older regions in the psychopathic partic-
ipant, whereas only neocortical areas were activated in the control
group. In another fMRI study, subjects labeled the sex of male and
female faces with differing emotional expressions in varied inten-
sities (Pardini and Phillips, 2010). Participants were chronically
violent or non-violent men. The former showed reduced brain
activation in the dorsomedial prefrontal cortex referring to faces in
general, regardless of the expressed mood. In contrast, higher acti-
vation emerged in these regions with respect to mild fearful faces.
The group of violent men also exhibited higher activation in the
amygdala for neutral in comparison to happy faces. Very remark-
able is the finding of an elevated activation for mild fearful faces in
the violent group which could not be seen while watching neutral
faces or faces with more pronounced fearful cues. The authors sug-
gest that chronically violent men may interpret ambiguous facial
expressions differently from others.

Criminals often exhibit mental disorders like addiction, amne-
sia, or psychopathy, and those characteristics could be also respon-
sible for alternating results in memory or brain function (Par-
watikar, 1990; Markowitsch and Staniloiu, 2011; Oszoy et al.,
2013). In a word and face encoding fMRI experiment for example,
alcohol-dependent patients did not exhibit the right-lateralized
activation in the parahippocampal region during face encoding
which had been observed in a healthy control group (Yoon et al.,
2009). Concerning the immediate effects of alcohol on mem-
ory encoding, Söderlund et al. (2007) reported alcohol impaired
memorization for object pairs and face-name pairs (but not for
words and phrase-word pairs) that was associated with reduced
bilateral prefrontal activation (cf. also the above-mentioned inves-
tigations on the state-dependency of memory under alcohol
influence). Other differences between groups were found in the
parahippocampal gyrus. In cases of antisocial personality disorder,
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discrepancies in brain function have been observed as well. In an
EEG study by Pfabigan et al. (2012) with happy and angry faces
as feedback stimuli, participants with antisocial personality traits
displayed a smaller event-related P1 amplitude than participants
with low antisocial personality scores.

Although face identification by offenders is of less juridi-
cal importance, comprehension of those distorted processes and
influences on memory might lead to a better understanding of
offender behavior. Usually, the more intriguing question in this
context concerns the details of the crime, which may include the
description of the victim but mostly highlight the act and cir-
cumstances of the perpetration. A deeper understanding of brain
functions dealing with the representation, encoding, and recall of
event memory would make an important contribution. Hasson
et al. (2004) used functional brain imaging to demonstrate paral-
lels in brain activation between subjects watching a movie. They
found intersubject synchronization in multiple cortical regions.
The results lead to the assumption that identical events might
be processed in a similar way in different individuals. However,
is this conferrable to criminal events? Offender and victim (to a
certain extent) experience the same incident, but their particular
role, their thoughts, and emotions will obviously be totally dif-
ferent from each other. While a crime in many cases is mostly
traumatic for victims, possible occurrence of pleasurable feelings
is also discussed in offenders (Evans, 2006). But although research
normally focuses on trauma in victims, offenders can also suffer
from intrusive memories related to their crimes and even develop
a PTSD (Evans et al., 2007b). It is difficult to make a statement
concerning prevalence, and indications vary in a wide range over
studies (Evans, 2006). Pollock (1999) reported PTSD occurring
in 52% of the 80 investigated perpetrators who were accused of
committing homicide. Probability for developing PTSD depended
on the offender’s personality traits and the form of violence cho-
sen. Evans et al. (2007a,b) found in a sample of 105 offenders,
who had been convicted of killing or seriously harming some-
one that 46% suffered from intrusive memories and 6% from
PTSD. The authors assume that factors predicting reexperiencing
symptoms like flashbacks in victims could be generalized to cul-
prits. The probability of developing PTSD is also influenced by
the impulsivity of a crime. Reactive homicide for example refers
to a spontaneous and emotional driven aggression and yields a
high risk of evolving negative feelings which may lead to PTSD.
Instrumental homicide in contrast is goal-directed, planned, and
proactive. There is no actual provocation required and the vic-
tim can be completely meaningless to the culprit (Christianson
et al., 2007). On the other hand, not only unrequested memories
like in PTSD can plague offenders, dissociative amnesia for the
offense can occur as well. In a population of 207 convicts sen-
tenced to life imprisonment, Pyszora et al. (2003) found amnesia
primarily to be connected to preceding alcohol abuse, blackouts,
psychiatric disorders, and crimes of passion. Among the 105 per-
petrators studied by Evans et al. (2009a), 19% stated to have
partial amnesia and 1% complete amnesia for their offense (cf.
Parwatikar, 1990). The type of crime also affects the probability of
developing amnesia. Reactive violent offends lead to memory loss
more often than instrumental violent crimes (Cooper and Yuille,
2007).

Investigators do not only have to face several memory distortion
phenomena while working with delinquents. They also have to cal-
culate the risk of deceitful tendencies like denying or malingering.
For a perpetrator, deceiving about what he or she did or at least
feigning a memory impairment can be appealing in terms of some
legal implications, like criminal responsibility and competency to
stand trial (Porter et al., 2001). A culprit who cannot remember the
details of his or her crime can hardly make an expedient contribu-
tion to his defense. Expert advice is needed in those cases to proof
if the memory impairment is caused by organic disease, disso-
ciative amnesia, a psychotic episode, or feigned amnesia (Bourget
and Whitehurst, 2007), though a differentiation between dissocia-
tive (also called “psychogenic”) amnesia and amnesia with organic
origin is questionable (Barbarotto et al., 1996). Markowitsch and
colleagues (Markowitsch et al., 1997, 2000a; Markowitsch, 1999)
reported deviated brain activity measured by PET and SPECT
in several patients with dissociative amnesia diagnosis. Feigned
amnesia is not only problematic because it has to be detected in
the first place. It can also impair memory performance. After a
mock crime, van Oorsouw and Merckelbach (2004) instructed a
group of participants to feign amnesia in a free recall test. A week
later, participants completed the free recall test again but were
briefed to respond honestly. Their performance was compared to
the results of two control groups: one group made honest efforts
on both tests, the immediate and the delayed, the other group only
attended on the delayed test. The group that had been honest all
the time and took part in both trials outperformed the simula-
tors and the controls that underwent the test for the first time.
The authors suggest that malingering might have similar effects
as a lack of rehearsal. Analogous results have been observed in
other studies (Christianson and Bylin, 1999; van Oorsouw and
Merckelbach, 2006).

This may also be very important in the light of offenders’ often
claimed wish to forget about their crime. Next to a lack of rehearsal,
several other reasons must be considered to possibly evoke amnesia
(Christianson et al., 2007). For example, the differences between
the highly emotional and arousing state during the act of crime and
the calm environment of the criminal investigation could hinder
correct retrospection, whereas recreating the context and the inter-
nal state during the crime could facilitate memorization (cf. the
state-dependency of memory; Markowitsch and Staniloiu, 2012).
Other conceivable explanations are intoxication, head injuries,
brain diseases, or failures in meta-memory, i.e., for example the
own conviction of being amnesic.

Several attempts have been made to detect lying using brain
imaging technology, like in the above-mentioned study by Bhatt
et al. (2009). And in pathological liars, white matter seems to be
reduced in prefrontal regions (Yang et al., 2005). Markowitsch et al.
(2000b) compared brain activation corresponding to real and fic-
titious autobiographical events and found the original events to
evoke a neural response in the right amygdala, the right tem-
porofrontal junction areas, and other cortical regions, while the
invented stories led to activation in the precuneus. The differences
may be caused by the stories’ unequal emotional attraction and
the precuneus’ well-known role in mental imagery.

The question arises, whether neural correlates of delinquent
behavior exist. Some evidence has been found concerning brain
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structure and brain activity alteration in individuals with criminal
background or antisocial personality disorder. Differences can be
observed, e.g., in the frontal lobes, in frontotemporal regions, and
in limbic structures (Bassarath, 2001). But caution is indicated,
since some of these changes can be found in persons not perpetrat-
ing crimes as well, and so in this context, no exclusive relationship
between brain and behavior anomalies has been proofed to date
(Markowitsch and Kalbe, 2007).

These findings illustrate that offenders’ memory abilities might
differ in many ways from eyewitnesses’ capacities for remem-
bering. The differences may be due to the perpetrators specific
involvement in the act of crime, comorbidities like intoxication,
PTSD, amnesia, or antisocial personality disorder or intended for-
getting. A divergence in face processing is accompanied by a change
in brain function and may also modulate emerging memory tracks
for face stimuli even under normal conditions. Finally, the ques-
tionable truthfulness of the investigated persons exacerbates the
researcher’s effort of shedding some light into culprits’ powers of
recollection.

REALITY VS. LABORATORY
Science has already made a wide range of contributions to legal
implications concerning the treatment of eyewitnesses in recent
years, like the cognitive interview (Holliday et al., 2012; Shar-
man and Powell, 2013) or several approaches of evolving facial
composites (Frowd et al., 2012a,b). But in reforming the existing
procedures, we have to weigh costs against benefits (Clark, 2012).
In many cases, a reduction of false identifications is accompanied
by a reduction in correct identifications as well. Further investiga-
tion is needed, and with the advent of neuroimaging techniques,
research also starts to unravel the underlying neural mechanisms
involved in person identification and face recognition. But these
methods rely on laboratory settings and presumably lack ecolog-
ical validity. While examining culprits, reliable data is even more
difficult to obtain, as an offender’s cooperation without any inten-
tion of deceit cannot be taken for granted. Rightly the question
arises whether results obtained under such laboratory conditions
can be transferred to real felonious cases.

In the field of neuroimaging, original data of real-life events
is obviously hard to come by. However, even if such precious
pieces of data could be obtained, their interpretation would be
more than challenging. Lacking the standardized methods used
in experimental settings, performances of different eyewitnesses
or offenders, perhaps even across different cases, would be rarely
comparable. Nevertheless, the question arises whether laboratory
studies can teach us something about the nature of eyewitness
memory and what pitfalls might be waiting in their analysis.

A compromise is attempted in so-called ecologically valid test-
ing situations. One such study was performed by Mohamed et al.
(2006) who tested normal individuals under two opposing con-
ditions. In one the subjects agreed to the statement that he or
she fired a gun, and in the other they disagreed. In this way the
same individual could be tested with functional brain imaging
under both the lie and the truth condition. As expected from the
results of subsequent studies (e.g., Markowitsch, 2008; Spence and
Kaylor-Hughes, 2008; Markowitsch and Merkel, 2011), there was
more activation during the lie than during the truth condition.

Frontal, temporal, cingulate, fusiform, insular, and occipital areas
were activated during the lie condition, while for the truth con-
dition there was more limited frontal and temporal activation,
possibly including the lenticular nucleus.

Ihlebæk et al. (2003) compared eyewitness memory originating
from a video and a live condition. Subjects in the live condition
took part in a staged bank or service station robbery. Robbers
were performed by two police officers. For the video condition
a recording was used which was made by one of the researchers.
Their major finding was the difference between groups concerning
the number of details reported, with participants in the video con-
dition outmatching the other subjects. They reported more details
and were more accurate. Nevertheless, the patterns of mistakes
were quite similar, for example both groups over- or underesti-
mated event duration and age of the robbers. As the authors point
out, the lower rate of memorized details in the “live” group might
be due to the fact that witnesses may have had less opportunity to
watch the robbers closely, since some of them have been forced to
get down to the floor and to cover their faces. This is supported by
the fact that a high proportion of the differences between groups
can be explained by “I don’t know” answers. The authors outline
that laboratory experiments may overestimate eyewitness mem-
ory, but that the kind of errors that are made are quite similar
in both settings. It can be argued that a staged robbery still is an
artificial event, in particular because the participants have been
informed.

Wagstaff et al. (2003) conducted two studies to analyze archival
testimonies of 70 and 48 real crime witnesses, respectively. In all
cases the particular culprit was arrested and convicted. They tried
to discover, how the level of violence, the presence of a weapon,
and the age of witnesses affect memory accuracy regarding the
offender’s age, height, build, hair color, and hairstyle. Violence
(and also partly the type of crime) predicted memory performance
concerning hair color; the higher the level of violence, the more
accurate the victims’ judgments regarding this aspect. Witnesses to
rape also gave more precise statements concerning hair color than
witnesses to robbery. But both factors, violence and type of crime,
were not unrelated, since crimes of rape involved higher rates of
violence in the investigated cases. Closer distance to the culprit, a
longer exposure time (Memon et al., 2003b), or the higher proba-
bility of knowing the offender are conceivable explanations which
might have contributed to these results.

We have performed two experiments in which we tested eye-
witnesses under laboratory conditions. In the first study (Kühnel
et al., 2008), normal participants studied short movies (each of
less than 4 min duration). Thereafter they had to respond with
YES (seen) or NO (not seen) to individual pictures which either
stemmed from the movie or not. Some of these single shots had
a high likeliness of having been in the respective movie and some
not. Overall, participants made almost 45% erroneous responses.
However, brain images obtained with functional magnetic res-
onance imaging (fMRI) revealed a more clear-cut picture: the
correctly identified pictures led to a medial prefrontal/anterior
cingulate activation while the falsely identified resulted in acti-
vations in the visual association cortex and the precuneus (all
bilaterally) (Figure 1). In a second study (Risius et al., 2013) we
again used a film and asked normal participants later during fMRI
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FIGURE 1 | Brain imaging activations during correct or false
identification of visual stimuli in the study of Kühnel et al. (2008)
(horizontal sections; left: activations during correct answers, right:
activation during false answers).

to judge whether a statement referring to the film was correct or
not. Furthermore, they had to give confidence judgments for each
choice and – if they wished – they could bet that their answer
was correct. If this happened, activations were found in temporal,
frontal, and middle and posterior cingulate areas as well as in the
precuneus. Otherwise cingulate and medial temporal regions were
activated. Withholding an answer (as compared to volunteering it)
resulted in increased bilateral hippocampal activations as well as
in an activation in the left caudate nucleus.

Several factors may influence eyewitness memory and espe-
cially by the use of field studies it is difficult to discover which of
them are crucial and how they might interact with each other. Lab-
oratory experiments can manipulate single factors and give us an
idea of the underlying processes, restricted to the fact that exper-
imental designs differ in many characteristics from real criminal
experiences. But even those authentic events differ in many aspects
such as stress-level, amount of violence, weapon presence, distance
to the offender, and if he or she is familiar to the eyewitness. Many
attempts have to be made to complete this mosaic. Therefore Chae
(2010, p. 259) concluded: “No single study, either naturalistic or
experimental, can cover all the relevant factors present in forensic
situations.” With regards to the benefit of field tests of eyewitness
identification procedures Schacter et al. (2008,p. 5) recommended:
“No single field study can produce a final blueprint for procedural
reform; we will need many.” And so both approaches – field and
laboratory research – bring their advantages into account: ecolog-
ical validity and experimental control. But a lot of effort has to be
made to compensate for their disadvantages and to integrate the
findings into a coherent picture.

CONCLUSION AND OUTLOOK
The multitude of parameters affecting eyewitness’ and offender’s
memories illustrates the need for standardized methods regard-
ing the treatment of witnesses and suspects. But not only police
officers have to be sensitized for the influences their interview
techniques might have on the reliability of testimonies and how
best recollection results can be obtained. Also judges, advocates,
and jurors must be informed about the differences between proce-
dures, the impact they have on memory quality and other factors
working in favor of memory distortion. It is science’s responsibility
not only to evolve, develop, and test those methods in cooperation

with operators, but to educate judging persons how results have
to be interpreted and how much value should be attached to them
(Markowitsch and Merkel, 2011; Markowitsch and Staniloiu, 2011;
Schacter and Loftus, 2013).

This is also true for the upcoming neuroimaging techniques
like fMRI. The investigation of brain function in criminal con-
texts is a young field of research. The prospect of detecting false
memories in eyewitnesses and deception in offenders is highly
appealing. Although, achievement of these objectives would ren-
der a great service, it is still quite a long way before this technique is
able to clarify ongoing brain processes in a reliable manner. Neu-
roimaging data is hard to interpret; all the more because we lack
ecologically valid studies. Face processing for example is modu-
lated by facial characteristics and how familiar the shown person is
to us, but our feelings for this person will affect our brain activity
as well. It does make a difference if we watch a beloved or a neutral
person’s face or if we look at someone we might fear or be angry
about. Encouraging are the results of Lefebvre et al. (2007) who
found the event-related brain potential P300 to indicate correct
target identification in a lineup task. Nevertheless, it still has to be
explored to what extent these findings can be transferred to other
criminal contexts.

Investigation of perpetrators’ memory is even more demand-
ing, since results are often confounded by different comorbidities,
like intoxication or personality disorders. Those concomitant phe-
nomena can cause alternated face processing even under normal
conditions. If we want to learn about offenders’ brain functions,
we must examine those processes in different settings and untan-
gle the confounding factors, but we also must control for deceitful
tendencies culprits might have.

Accordingly,we have to meet the challenge of taming the techni-
cal demands on the one side and to discriminate the neural activity
associated with a special mental state on the other. We still have to
learn a lot about brain function in the context of criminal events
to know what we are searching for in an eyewitness’ or offender’s
head. Even if we could rely on authentic data, fMRI technique still
has to be improved. Up to now it is not possible to reliably detect
false memory or deception by brain imaging outside the labo-
ratory. Laymen might believe in data obtained by brain scans as
objective proof of ongoing brain function, but it has to be pointed
out that it is a product of many decisions made by the researcher,
like the extent of the statistical power, conformation of individ-
ual brain structure to a standardized anatomical brain model, and
other fine adjustments and corrections (Bumann, 2010). Further-
more, it is dangerous to draw conclusions from group analysis
to single subjects. Group data are achieved by averaging data
across individuals. In the extreme, it is possible that no single sub-
ject exhibits an activation pattern as the average mean suggests.
Another risk consists in making a wrong deduction by “reverse
inference” (Poldrack, 2006), that is to infer the presence of a spe-
cial mental state or function on the finding of a special brain
activation pattern. If such a pattern of activity is found, we cannot
be sure that a special mental state, which also has been observed
to show this pattern, is indeed present, since brain structures nor-
mally fulfill many different tasks. On the other hand, the absence
of a pattern, correlated to a special mental state in group analysis,
does not mean that the state of interest must be absent as well, as
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other brain areas could execute the respective cognitive function.
Nevertheless, the potential of these techniques is enormous, and
there is a lot to learn on the way. Therefore, it is important not
to lose courage, to make the attempt to unravel the underlying
processes, and to obtain data from real cases.

REFERENCES
Adolphs, R., Tranel, D., and Damasio, A. R. (1998). The human amygdala in social

judgment. Nature 393, 470–474. doi:10.1038/30982
Andreano, J. M., and Cahill, L. (2006). Glucocorticoid release and memory consol-

idation in men and women. Psychol. Sci. 17, 466–470. doi:10.1111/j.1467-9280.
2006.01729.x

Barbarotto, R., Laiacona, M., and Cocchini, G. (1996). A case of simulated, psy-
chogenic or focal pure retrograde amnesia: did an entire life become uncon-
scious? Neuropsychologia 34, 575–585. doi:10.1016/0028-3932(95)00141-7

Bassarath, L. (2001). Neuroimaging studies of antisocial behaviour. Can. J. Psychia-
try 46, 728–732.

Behrman, B. W., and Davey, S. L. (2001). Eyewitness identification in actual crim-
inal cases: an archival analysis. Law Hum. Behav. 25, 475–491. doi:10.1023/A:
1012840831846

Bhatt, S., Mbwana, J., Adeyemo, A., Sawyer, A., Hailu, A., and VanMeter, J. (2009).
Lying about facial recognition: an fMRI study. Brain Cogn. 69, 382–390.
doi:10.1016/j.bandc.2008.08.033

Bisby, J. A., Leitz, J. R., Morgan, C. J. A., and Curran, H. V. (2010). Decreases in rec-
ollective experience following acute alcohol: a dose-response study. Psychophar-
macology (Berl.) 208, 67–74. doi:10.1007/s00213-009-1709-y

Bourget, D., and Whitehurst, L. (2007). Amnesia and crime. J. Am. Acad. Psychiatry
Law 35, 469–480.

Brainerd, C. J., and Reyna, V. F. (2005). The Science of False Memory. New York:
Oxford University Press.

Bumann, B. (2010). The future of neuroimaging in witness testimony. Virtual Men-
tor 12, 873–878. doi:10.1001/virtualmentor.2010.12.11.hlaw1-1011

Busey, T. A., and Loftus, G. R. (2007). Cognitive science and the law. Trends Cogn.
Sci. 11, 111–117. doi:10.1016/j.tics.2006.12.004

Cahill, L., Gorski, L., and Le, K. (2003). Enhanced human memory consolidation
with post-learning stress: interaction with the degree of arousal at encoding.
Learn. Mem. 10, 270–274. doi:10.1101/lm.62403

Camp, G., Wesstein, H., and de Bruin, A. B. H. (2012). Can questioning induce
forgetting? Retrieval-induced forgetting of eyewitness information. Appl. Cogn.
Psychol. 26, 431–435. doi:10.1002/acp.2815

Chae,Y. (2010). Application of laboratory research on eyewitness testimony. J. Foren-
sic Psychol. Pract. 10, 252–261. doi:10.1080/15228930903550608

Christianson, S.-A., and Bylin, S. (1999). Does simulating amnesia mediate genuine
forgetting for a crime event? Appl. Cogn. Psychol. 13, 495–511. doi:10.1002/(SICI)
1099-0720(199912)13:6<495::AID-ACP615>3.0.CO;2-0

Christianson, S. A., Freij, I., and von Vogelsang, E. (2007). “Searching for offenders
memories of violent crimes,” in Offenders Memories of Violent Crimes, ed. S. A.
Christianson (West Sussex: Wiley), 3–35.

Clark, S. E. (2012). Costs and benefits of eyewitness identification reform: psycho-
logical science and public policy. Perspect. Psychol. Sci. 7, 238–259. doi:10.1177/
1745691612439584

Clark, S. E., and Tunnicliff, J. L. (2001). Selecting lineup foils in eyewitness identifi-
cation experiments: experimental control and real-world simulation. Law Hum.
Behav. 25, 199–216. doi:10.1023/A:1010753809988

Clifford, B. R., Havard, C., Memon, A., and Gabbert, F. (2012). Delay and age effects
on identification accuracy and confidence: an investigation using a video identi-
fication parade. Appl. Cogn. Psychol. 26, 130–139. doi:10.1002/acp.1804

Connors, E., Lundregan, T., Miller, N., and McEwen, T. (1996). Convicted by Juries,
Exonerated by Science: Case Studies in the Use of DNA Evidence to Establish Inno-
cence After Trial. Alexandria, VA: National Institute of Justice.

Cooper, B. S., and Yuille, J. C. (2007). “An investigation of violent offenders mem-
ories for instrumental and reactive violence,” in Offenders Memories of Violent
Crimes, ed. S. A. Christianson (West Sussex: Wiley), 75–97.

Damasio, A. R., Tranel, D., and Damasio, H. (1990). Face agnosia and the neural
substrates of memory. Annu. Rev. Neurosci. 13, 89–109. doi:10.1146/annurev.ne.
13.030190.000513

de Quervain, D. J.-F., Aerni, A., and Roozendaal, B. (2007). Preventive effect of
β-adrenoceptor blockade on glucocorticoid-induced memory retrieval deficits.
Am. J. Psychiatry 164, 967–969. doi:10.1176/appi.ajp.164.6.967

Demos, K. E., Kelley, W. M., Ryan, S. L., Davis, F. C., and Whalen, P. J. (2008). Human
amygdala sensitivity to the pupil size of others. Cereb. Cortex 18, 2729–2734.
doi:10.1093/cercor/bhn034

Dysart, J. E., Lindsay, R. C. L., MacDonald, T. K., and Wicke, C. (2002). The intoxi-
cated witness: effects of alcohol on identification accuracy from showups. J. Appl.
Psychol. 87, 170–175. doi:10.1037/0021-9010.87.1.170

Easterbrook, J. A. (1959). The effect of emotion on cue utilization and the organi-
zation of behavior. Psychol. Rev. 66, 183–201. doi:10.1037/h0047707

Echterhoff, G., and Wolf, O. T. (2012). The stressed eyewitness: the interaction of
thematic arousal and post-event stress in memory for central and peripheral
event information. Front. Integr. Neurosci. 6:57. doi:10.3389/fnint.2012.00057

Eich, J. E. (1980). The cue-dependent nature of state-dependent retrieval. Mem.
Cognit. 8, 157–173. doi:10.3758/BF03213419

Elgar, K., and Campbell, R. (2001). Annotation: the cognitive neuroscience of face
recognition: implications for developmental disorders. J. Child Psychol. Psychia-
try 42, 705–717. doi:10.1111/1469-7610.00767

Evans, C. (2006). What violent offenders remember of their crime: empirical explo-
rations. Aust. N. Z. J. Psychiatry 40, 508–518. doi:10.1111/j.1440-1614.2006.
01833.x

Evans, C., Ehlers, A., Mezey, G., and Clark, D. M. (2007a). Intrusive memories in
perpetrators of violent crime: emotions and cognitions. J. Consult. Clin. Psychol.
75, 134–144. doi:10.1037/0022-006X.75.1.134

Evans, C., Ehlers, A., Mezey, G., and Clark, D. M. (2007b). Intrusive memories and
ruminations related to violent crime among young offenders: phenomenological
characteristics. J. Trauma Stress 20, 183–196. doi:10.1002/jts.20204

Evans, C., Mezey, G., and Ehlers, A. (2009a). Amnesia for violent crime
among young offenders. J. Forens. Psychiatry Psychol. 20, 85–106. doi:10.1080/
14789940802234471

Evans, J. R., Schreiber Compo, N., and Russano, M. B. (2009b). Intoxicated witnesses
and suspects: procedures and prevalence according to law enforcement. Psychol.
Public Policy Law 15, 194–221. doi:10.1037/a0016837

Evans, J. R., and Schreiber Compo, N. (2010). Mock jurors’ perceptions of iden-
tifications made by intoxicated eyewitnesses. Psychol. Crime Law 16, 191–210.
doi:10.1080/10683160802612890

Firestone, A., Turk-Browne, N. B., and Ryan, J. D. (2007). Age-related deficits in
face recognition are related to underlying changes in scanning behavior. Neu-
ropsychol. Dev. Cogn. B Aging Neuropsychol. Cogn. 14, 594–607. doi:10.1080/
13825580600899717

Fitzgerald, D. A., Arnold, J. F., Becker, E. S., Speckens, A. E. M., Rinck, M., Rijp-
kema, M., et al. (2011). How mood challenges emotional memory formation: an
fMRI investigation. Neuroimage 56, 1783–1790. doi:10.1016/j.neuroimage.2011.
02.061

Frowd, C. D., Nelson, L., Skelton, F., Noyce, R., Atkins, R., Heard, P., et al. (2012a).
Interviewing techniques for Darwinian facial-composite systems. Appl. Cogn.
Psychol. 26, 576–584. doi:10.1002/acp.2829

Frowd, C. D., Pitchford, M., Skelton, F., Petkovic, A., Prosser, C., and Coates, B.
(2012b). “Catching even more offenders with EvoFIT facial composites,” in Third
International Conference on Emerging Security Technologies (EST) (Washington
DC: IEEE Computer Society Washington), 20–26. doi:10.1109/EST.2012.26

Frowd, C. D., Skelton, F., Atherton, C., Pitchford, M., Hepton, G., Holden, L., et al.
(2012c). Recovering faces from memory: the distracting influence of external
facial features. J. Exp. Psychol. 18, 224–238. doi:10.1037/a0027393

García-Bajos, E., Migueles, M., and Aizpurua, A. (2012). Bias of script-driven pro-
cessing on eyewitness memory in young and older adults. Appl. Cogn. Psychol.
26, 737–745. doi:10.1002/acp.2854

Gobbini, M. I., and Haxby, J. V. (2006). Neural response to the visual familiarity of
faces. Brain Res. Bull. 71, 76–82. doi:10.1016/j.brainresbull.2006.08.003

Gobbini, M. I., and Haxby, J. V. (2007). Neural systems for recognition of familiar
faces. Neuropsychologia 45, 32–41. doi:10.1016/j.neuropsychologia.2006.04.015

Gobbini, M. I., Leibenluft, E., Santiago, N., and Haxby, J. V. (2004). Social and
emotional attachment in the neural representation of faces. Neuroimage 22,
1628–1635. doi:10.1016/j.neuroimage.2004.03.049

Godden, D. R., and Baddeley, A. D. (1975). Context-dependent memory in two
natural environments: on land and underwater. Br. J. Psychol. 66, 325–331.
doi:10.1111/j.2044-8295.1975.tb01468.x

Frontiers in Behavioral Neuroscience www.frontiersin.org December 2013 | Volume 7 | Article 189 | 9

http://dx.doi.org/10.1038/30982
http://dx.doi.org/10.1111/j.1467-9280.2006.01729.x
http://dx.doi.org/10.1111/j.1467-9280.2006.01729.x
http://dx.doi.org/10.1016/0028-3932(95)00141-7
http://dx.doi.org/10.1023/A:1012840831846
http://dx.doi.org/10.1023/A:1012840831846
http://dx.doi.org/10.1016/j.bandc.2008.08.033
http://dx.doi.org/10.1007/s00213-009-1709-y
http://dx.doi.org/10.1001/virtualmentor.2010.12.11.hlaw1-1011
http://dx.doi.org/10.1016/j.tics.2006.12.004
http://dx.doi.org/10.1101/lm.62403
http://dx.doi.org/10.1002/acp.2815
http://dx.doi.org/10.1080/15228930903550608
http://dx.doi.org/10.1002/(SICI)1099-0720(199912)13:6<495::AID-ACP615>3.0.CO;2-0
http://dx.doi.org/10.1002/(SICI)1099-0720(199912)13:6<495::AID-ACP615>3.0.CO;2-0
http://dx.doi.org/10.1177/1745691612439584
http://dx.doi.org/10.1177/1745691612439584
http://dx.doi.org/10.1023/A:1010753809988
http://dx.doi.org/10.1002/acp.1804
http://dx.doi.org/10.1146/annurev.ne.13.030190.000513
http://dx.doi.org/10.1146/annurev.ne.13.030190.000513
http://dx.doi.org/10.1176/appi.ajp.164.6.967
http://dx.doi.org/10.1093/cercor/bhn034
http://dx.doi.org/10.1037/0021-9010.87.1.170
http://dx.doi.org/10.1037/h0047707
http://dx.doi.org/10.3389/fnint.2012.00057
http://dx.doi.org/10.3758/BF03213419
http://dx.doi.org/10.1111/1469-7610.00767
http://dx.doi.org/10.1111/j.1440-1614.2006.01833.x
http://dx.doi.org/10.1111/j.1440-1614.2006.01833.x
http://dx.doi.org/10.1037/0022-006X.75.1.134
http://dx.doi.org/10.1002/jts.20204
http://dx.doi.org/10.1080/14789940802234471
http://dx.doi.org/10.1080/14789940802234471
http://dx.doi.org/10.1037/a0016837
http://dx.doi.org/10.1080/10683160802612890
http://dx.doi.org/10.1080/13825580600899717
http://dx.doi.org/10.1080/13825580600899717
http://dx.doi.org/10.1016/j.neuroimage.2011.02.061
http://dx.doi.org/10.1016/j.neuroimage.2011.02.061
http://dx.doi.org/10.1002/acp.2829
http://dx.doi.org/10.1109/EST.2012.26
http://dx.doi.org/10.1037/a0027393
http://dx.doi.org/10.1002/acp.2854
http://dx.doi.org/10.1016/j.brainresbull.2006.08.003
http://dx.doi.org/10.1016/j.neuropsychologia.2006.04.015
http://dx.doi.org/10.1016/j.neuroimage.2004.03.049
http://dx.doi.org/10.1111/j.2044-8295.1975.tb01468.x
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Werner et al. Neuroscience of face processing

Golby, A. J., Gabrieli, J. D. E., Chiao, J. Y., and Eberhardt, J. L. (2001). Differential
responses in the fusiform region to same-race and other-race faces. Nat. Neurosci.
4, 845–850. doi:10.1038/90565

Goodwin, D. W., Powell, B., Bremer, D., Hoine, H., and Stern, J. (1969). Alcohol
and recall: state-dependent effects in man. Science 163, 1358–1360. doi:10.1126/
science.163.3873.1358

Hasson, U., Nir, Y., Levy, I., Fuhrmann, G., and Malach, R. (2004). Intersubject syn-
chronization of cortical activity during natural vision. Science 303, 1634–1640.
doi:10.1126/science.1089506

Henke, K., Landis, T., and Markowitsch, H. J. (1994). Subliminal perception of words
and faces. Int. J. Neurosci. 75, 181–187. doi:10.3109/00207459408986302

Hoff, H., Beneventi, H., Galta, K., and Wik, G. (2009). Evidence of deviant emotional
processing in psychopathy: a fMRI case study. Int. J. Neurosci. 119, 857–878.
doi:10.1080/00207450701590992

Hoffman, R. E., Esposito, R., Rosen, M., and Rockholz, P. (1997). Recurrent personal
memories during intoxication reported by patients with alcoholism. Psychol.
Med. 27, 1441–1446. doi:10.1017/S0033291797005400

Hofmann, S. G., Suvak, M., and Litz, B. T. (2006). Sex differences in face recognition
and influence of facial affect. Pers. Indiv. Diff. 40, 1683–1690. doi:10.1016/j.paid.
2005.12.014

Holliday, R. E., Humphries, J. E., Milne, R., Memon, A., Houlder, L., Lyons, A., et al.
(2012). Reducing misinformation effects in older adults with cognitive interview
mnemonics. Psychol. Aging 27, 1191–1203. doi:10.1037/a0022031

Hope, L., Lewinski, W., Dixon, J., Blocksidge, D., and Gabbert, F. (2012). Witnesses
in action: the effect of physical exertion on recall and recognition. Psychol. Sci.
23, 386–390. doi:10.1177/0956797611431463

Humphries, J. E., Holliday, R. E., and Flowe, H. D. (2012). Faces in motion:
age-related changes in eyewitness identification performance in simultaneous,
sequential and elimination video lineups. Appl. Cogn. Psychol. 26, 149–158.
doi:10.1002/acp.1808

Hurlemann, R. (2006). Noradrenergic control of emotion-induced amnesia and
hypermnesia. Rev. Neurosci. 17, 525–532. doi:10.1515/REVNEURO.2006.17.5.
525

Hurlemann, R., Hawellek, B., Matusch, A., Kolsch, H., Wollersen, H., Madea, B., et al.
(2005). Noradrenergic modulation of emotion-induced forgetting and remem-
bering. J. Neurosci. 25, 6343–6349. doi:10.1523/JNEUROSCI.0228-05.2005

Ihlebæk, C., Løve, T., Eilertsen, D. E., and Magnussen, S. (2003). Memory for
a staged criminal event witnessed live and on video. Memory 11, 319–327.
doi:10.1080/09658210244000018

Iiadaka, T., Harada, T., Kawaguchi, J., and Sadato, N. (2012). Neuroanatomical sub-
strates involved in true and false memories for face. Neuroimage 62, 167–176.
doi:10.1016/j.neuroimage.2012.04.044

Itier, R. J., Latinus, M., and Taylor, M. J. (2006). Face, eye and object early processing:
what is the face specificity? Neuroimage 29, 667–676. doi:10.1016/j.neuroimage.
2005.07.041

Johnson, K. J., and Frederickson, B. L. (2005). “We all look the same to me”: pos-
itive emotions eliminate the own-race bias in face recognition. Psychol. Sci. 16,
875–881. doi:10.1111/j.1467-9280.2005.01631.x

Jones, A. P., Laurens, K. R., Herba, C. M., Barker, G. J., and Viding, E. (2009). Amyg-
dala hypoactivity to fearful faces in boys with conduct problems and callous-
unemotional traits. Am. J. Psychiatry 166, 95–102. doi:10.1176/appi.ajp.2008.
07071050

Kassin, S. M., Tubb, V. A., Hosch, H. M., and Memon, A. (2001). On the “general
acceptance” of eyewitness testimony research – a new survey of the experts. Am.
Psychol. 56, 405–416. doi:10.1037/0003-066X.56.5.405

Kaufmann, J. M., and Schweinberger, S. R. (2004). Expression influences the recog-
nition of familiar faces. Perception 33, 399–408. doi:10.1068/p5083

Kensinger, E. A., Garoff-Eaton, R. J., and Schacter, D. L. (2006). Memory for specific
visual details can be enhanced by negative arousing content. J. Mem. Lang. 54,
99–112. doi:10.1016/j.jml.2005.05.005

Kensinger, E. A., Garoff-Eaton, R. J., and Schacter, D. L. (2007). Effects of emotion
on memory specificity: memory trade-offs elicited by negative visually arousing
stimuli. J. Mem. Lang. 56, 575–591. doi:10.1016/j.jml.2006.05.004

Kensinger, E. A., and Schacter, D. L. (2007). Effects of aging and encoding instruc-
tions on emotion-induced memory trade-offs. Psychol. Aging 22, 781–795.
doi:10.1037/0882-7974.22.4.781

Kuhlmann, S., Piel, M., and Wolf, O. T. (2005). Impaired memory retrieval
after psychosocial stress in healthy young men. J. Neurosci. 25, 2977–2982.
doi:10.1523/JNEUROSCI.5139-04.2005

Kuhlmann, S., and Wolf, O. T. (2006). Arousal and cortisol interact in modulating
memory consolidation in healthy young men. Behav. Neurosci. 120, 217–223.
doi:10.1037/0735-7044.120.1.217

Kühnel, S., and Markowitsch, H. J. (2009). Falsche Erinnerungen. Heidelberg: Spek-
trum.

Kühnel, S., Woermann, F. G., Mertens, M., and Markowitsch, H. J. (2008).
Involvement of the orbitofrontal cortex during correct and false recognitions
of visual stimuli. Implications for eyewitness decisions on an fMRI study using a
film paradigm. Brain Imag. Behav. 2, 163–176. doi:10.1007/s11682-008-9026-3

Lander, K., and Davies, R. (2007). Exploring the role of characteristic motion
when learning new faces. Q. J. Exp. Psychol. 60, 519–526. doi:10.1080/
17470210601117559

Lee, Y., Anaki, D., Grady, C. L., and Moscovitch, M. (2012). Neural correlates of tem-
poral integration in face recognition: an fMRI study. Neuroimage 61, 1287–1299.
doi:10.1016/j.neuroimage.2012.02.073

Lefebvre, C. D., Marchand, Y., Smith, S. M., and Connolly, J. F. (2007). Determining
eyewitness identification accuracy using event-related brain potentials (ERPs).
Psychophysiology 44, 894–904. doi:10.1111/j.1469-8986.2007.00566.x

Lewin, C., and Herlitz, A. (2002). Sex differences in face recognition – women’s
faces make the difference. Brain Cogn. 50, 121–128. doi:10.1016/S0278-2626(02)
00016-7

Liu, D. L. J., Graham, S., and Zorawski, M. (2008). Enhanced selective memory
consolidation following post-learning pleasant and aversive arousal. Neurobiol.
Learn. Mem. 89, 36–46. doi:10.1016/j.nlm.2007.09.001

Loftus, E. F. (2011). Intelligence gathering post-9/11. Am. Psychol. 66, 532–541.
doi:10.1037/a0024614

Markowitsch, H. J. (1999). Functional neuroimaging correlates of functional amne-
sia. Memory 7, 561–583. doi:10.1080/096582199387751

Markowitsch, H. J. (2008). Neuroscience and crime. Neurocase 14, 1–6. doi:10.1080/
13554790801994756

Markowitsch, H. J., and Kalbe, E. (2007). “Neuroimaging and Crime,” in Offend-
ers Memories of Violent Crimes, ed. S. A. Christianson (West Sussex: Wiley),
137–164.

Markowitsch, H. J., Kessler, J., van der Ven, C., Weber-Luxenburger, G., Albers, M.,
and Heiss, W. D. (1997). Psychic trauma causing grossly reduces brain metab-
olism and cognitive deterioration. Neuropsychologia 36, 77–82. doi:10.1016/
S0028-3932(97)00093-6

Markowitsch, H. J., Kessler, J., Weber-Luxenburger, G., van der Ven, C., Albers, M.,
and Heiss, W. D. (2000a). Neuroimaging and behavioral correlates of recovery
from mnestic block syndrome and other cognitive deteriorations. Neuropsychi-
atry Neuropsychol. Behav. Neurol. 13, 60–66.

Markowitsch, H. J., Thiel, A., Reinkemeier, M., Kessler, J., Koyuncu, A., and Heiss,
W.-D. (2000b). Right amygdalar and temporofrontol activation during autobio-
graphic, but not during fictitious memory retrieval. Behav. Neurol. 12, 181–190.

Markowitsch, H. J., and Merkel, R. (2011). The brain stands trial. Max-Planck Res.
3, 12–17.

Markowitsch, H. J., and Staniloiu, A. (2011). Neuroscience and the law. Cortex 47,
1248–1251. doi:10.1016/j.cortex.2011.06.013

Markowitsch, H. J., and Staniloiu, S. (2012). Amnesic disorders. Lancet 380,
1229–1240. doi:10.1016/S0140-6736(11)61304-4

McBain, R., Norton, D., and Chen, Y. (2009). Females excel at basic face perception.
Acta Psychol. 130, 168–173. doi:10.1016/j.actpsy.2008.12.005

McGaugh, J. L. (2013). Making lasting memories: remembering the significant.
Proc. Natl. Acad. Sci. U.S.A. 110(Suppl. 2), 10402–10407. doi:10.1073/pnas.
1301209110

McGaugh, J. L., and Roozendaal, B. (2002). Role of adrenal stress hormones in
forming lasting memories in the brain. Curr. Opin. Neurobiol. 12, 205–210.
doi:10.1016/S0959-4388(02)00306-9

Megreya, A. M., and Bindemann, M. (2013). Individual differences in personality
and face identification. J. Cogn. Psychol. 25, 30–37. doi:10.1080/20445911.2012.
739153

Memon, A., Bartlett, J., Rose, R., and Gray, C. (2003a). The aging eyewitness: effects
of age on face, delay, and source-memory ability. J. Gerontol. B Psychol. Sci. Soc.
Sci. 58B, 338–345. doi:10.1093/geronb/58.6.P338

Memon, A., Hope, L., and Bull, R. (2003b). Exposure duration: effects on eye-
witness accuracy and confidence. Br. J. Psychol. 94, 339–354. doi:10.1348/
000712603767876262

Migueles, M., and García-Bajos, E. (2007). Selective retrieval and induced forgetting
in eyewitness memory. Appl. Cogn. Psychol. 21, 1157–1172. doi:10.1002/acp.1323

Frontiers in Behavioral Neuroscience www.frontiersin.org December 2013 | Volume 7 | Article 189 | 10

http://dx.doi.org/10.1038/90565
http://dx.doi.org/10.1126/science.163.3873.1358
http://dx.doi.org/10.1126/science.163.3873.1358
http://dx.doi.org/10.1126/science.1089506
http://dx.doi.org/10.3109/00207459408986302
http://dx.doi.org/10.1080/00207450701590992
http://dx.doi.org/10.1017/S0033291797005400
http://dx.doi.org/10.1016/j.paid.2005.12.014
http://dx.doi.org/10.1016/j.paid.2005.12.014
http://dx.doi.org/10.1037/a0022031
http://dx.doi.org/10.1177/0956797611431463
http://dx.doi.org/10.1002/acp.1808
http://dx.doi.org/10.1515/REVNEURO.2006.17.5.525
http://dx.doi.org/10.1515/REVNEURO.2006.17.5.525
http://dx.doi.org/10.1523/JNEUROSCI.0228-05.2005
http://dx.doi.org/10.1080/09658210244000018
http://dx.doi.org/10.1016/j.neuroimage.2012.04.044
http://dx.doi.org/10.1016/j.neuroimage.2005.07.041
http://dx.doi.org/10.1016/j.neuroimage.2005.07.041
http://dx.doi.org/10.1111/j.1467-9280.2005.01631.x
http://dx.doi.org/10.1176/appi.ajp.2008.07071050
http://dx.doi.org/10.1176/appi.ajp.2008.07071050
http://dx.doi.org/10.1037/0003-066X.56.5.405
http://dx.doi.org/10.1068/p5083
http://dx.doi.org/10.1016/j.jml.2005.05.005
http://dx.doi.org/10.1016/j.jml.2006.05.004
http://dx.doi.org/10.1037/0882-7974.22.4.781
http://dx.doi.org/10.1523/JNEUROSCI.5139-04.2005
http://dx.doi.org/10.1037/0735-7044.120.1.217
http://dx.doi.org/10.1007/s11682-008-9026-3
http://dx.doi.org/10.1080/17470210601117559
http://dx.doi.org/10.1080/17470210601117559
http://dx.doi.org/10.1016/j.neuroimage.2012.02.073
http://dx.doi.org/10.1111/j.1469-8986.2007.00566.x
http://dx.doi.org/10.1016/S0278-2626(02)00016-7
http://dx.doi.org/10.1016/S0278-2626(02)00016-7
http://dx.doi.org/10.1016/j.nlm.2007.09.001
http://dx.doi.org/10.1037/a0024614
http://dx.doi.org/10.1080/096582199387751
http://dx.doi.org/10.1080/13554790801994756
http://dx.doi.org/10.1080/13554790801994756
http://dx.doi.org/10.1016/S0028-3932(97)00093-6
http://dx.doi.org/10.1016/S0028-3932(97)00093-6
http://dx.doi.org/10.1016/j.cortex.2011.06.013
http://dx.doi.org/10.1016/S0140-6736(11)61304-4
http://dx.doi.org/10.1016/j.actpsy.2008.12.005
http://dx.doi.org/10.1073/pnas.1301209110
http://dx.doi.org/10.1073/pnas.1301209110
http://dx.doi.org/10.1016/S0959-4388(02)00306-9
http://dx.doi.org/10.1080/20445911.2012.739153
http://dx.doi.org/10.1080/20445911.2012.739153
http://dx.doi.org/10.1093/geronb/58.6.P338
http://dx.doi.org/10.1348/000712603767876262
http://dx.doi.org/10.1348/000712603767876262
http://dx.doi.org/10.1002/acp.1323
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Werner et al. Neuroscience of face processing

Mineka, S., and Oehlberg, K. (2008). The relevance of recent developments in clas-
sical conditioning to understanding the etiology and maintenance of anxiety
disorders. Acta Psychol. 127, 567–580. doi:10.1016/j.actpsy.2007.11.007

Minnebusch, D. A., Suchan, B., Köster, O., and Daum, I. (2009). A bilateral occip-
itotemporal network mediates face perception. Behav. Brain Res. 198, 179–185.
doi:10.1016/j.bbr.2008.10.041

Mohamed, F. B., Faro, S. H., Gordon, N. J., Platek, S. M., Ahmad, H., and Williams,
J. M. (2006). Brain mapping of deception and truth telling about an ecologically
valid situation: functional MR imaging and polygraph investigation – initial
experience. Radiology 238, 679–688. doi:10.1148/radiol.2382050237

Morgan, C. A. III, Southwick, S., Steffian, G., Hazlett, G. A., and Loftus, E. F. (2013).
Misinformation can influence memory for recently experienced, highly stressful
events. Int. J. Law Psychiatry 36, 11–17. doi:10.1016/j.ijlp.2012.11.002

Moulton, P. L., Petros, T. V., Apostal, K. J., Park, R. V., Ronning, E. A., King, B. M.,
et al. (2005). Alcohol-induced impairment and enhancement of memory: a test
of the interference theory. Physiol. Behav. II, 240–245. doi:10.1016/j.physbeh.
2005.03.011

Nasr, S., and Tootell, R. B. H. (2012). Role of fusiform and anterior temporal
cortical areas in facial recognition. Neuroimage 63, 1743–1753. doi:10.1016/j.
neuroimage.2012.08.031

Nestor, A., Plaut, D. C., and Behrmann, M. (2011). Unraveling the distributed neural
code of facial identity through spatiotemporal pattern analysis. Proc. Natl. Acad.
Sci. U.S.A. 108, 9998–10003. doi:10.1073/pnas.1102433108

Odegard, T. N., Cooper, C. M., Lampinen, J. M., Reyna, V. F., and Brainerd, C. J.
(2009). Children’s eyewitness memory for multiple real-life events. Child Dev.
80, 1877–1890. doi:10.1111/j.1467-8624.2009.01373.x

Oszoy, S., Durak, A. C., and Esel, E. (2013). Hippocampal volumes and cognitive
functions in adult alcoholic patients with adolescent-onset. Alcohol 47, 9–14.
doi:10.1016/j.alcohol.2012.09.002

O’Toole, A. J. (2005). “Psychological and neural perspectives on human face recog-
nition,” in Handbook of Face Recognition, eds S. Z. Li, and A. K. Jain (New York:
Springer Science + Business Media), 349–369.

Palmer, F. T., Flowe, H. D., Takarangi, M. K. T., and Humphries, J. E. (2013). Intoxi-
cated witnesses and suspects: an archival analysis of their involvement in criminal
case processing. Law Hum. Behav. 37, 54–59. doi:10.1037/lhb0000010

Pardini, D. A., and Phillips, M. (2010). Neural responses to emotional and neutral
facial expressions in chronically violent men. J. Psychiatry Neurosci. 35, 390–398.
doi:10.1503/jpn.100037

Parvizi, J., Jacques, C., Foster, B. L., Withoft, N., Rangarajan, V., Weiner, K. S., et al.
(2012). Electrical stimulation of human fusiform face-selective regions distorts
face perception. J. Neurosci. 32, 14915–14920. doi:10.1523/JNEUROSCI.2609-
12.2012

Parwatikar, S. D. (1990). “Medicolegal aspects of TGA,” in Transient Global Amne-
sia and Related Disorders, ed. H. J. Markowitsch (Toronto: Hogrefe & Huber
Publishing), 191–205.

Pfabigan, D. M., Alexopoulos, J., and Sailer, U. (2012). Exploring the effects of anti-
social personality traits on brain potentials during face processing. PLoS ONE
7:e50283. doi:10.1371/journal.pone.0050283

Phelps, E. A., O’Connor, K. J., Cunningham, W. A., Funayama, E. S., Gatenby, J.
C., Gore, J. C., et al. (2000). Performance on indirect measures of race evalua-
tion predicts amygdale activation. J. Cogn. Neurosci. 12, 729–738. doi:10.1162/
089892900562552

Poldrack, R. A. (2006). Can cognitive processes be inferred from neuroimaging data?
Trends Cogn. Sci. 10, 59–63. doi:10.1016/j.tics.2005.12.004

Pollock, P. H. (1999). When the killer suffers: post-traumatic stress reactions follow-
ing homicide. Legal Criminol. Psychol. 4,185–202. doi:10.1348/135532599167842

Porter, S., Birt, A. R., Yuille, J. C., and Hervé, H. F. (2001). Memory for murder. A
psychological perspective on dissociative amnesia in legal contexts. Int. J. Law
Psychiatry 24, 23–42. doi:10.1016/S0160-2527(00)00066-2

Pyszora, N. M., Barker, A. F., and Kopelman, M. D. (2003). Amnesia for crimi-
nal offences: a study of life sentence prisoners. J. Forens. Psychiatry Psychol. 14,
475–490. doi:10.1080/14789940310001599785

Qin, S., Hermans, E. J., van Merle, H. J. F., and Fernández, G. (2012). Understand-
ing low reliability of memories for neutral information encoded under stress:
alterations in memory-related activation in the hippocampus and midbrain. J.
Neurosci. 32, 4032–4041. doi:10.1523/JNEUROSCI.3101-11.2012

Rahman, Q., Wilson, G. D., and Abrahams, S. (2004). Sex, sexual orientation, and
identification of positive and negative facial affect. Brain Cogn. 54, 179–185.
doi:10.1016/j.bandc.2004.01.002

Ray, S., and Bates, M. E. (2006). Acute alcohol effects on repetition priming and word
recognition memory with equivalent memory cues. Brain Cogn. 60, 118–127.
doi:10.1016/j.bandc.2005.07.009

Read, J. D., Yuille, J. C., and Tollestrup, P. (1992). Recollections of a robbery – effects
of arousal and alcohol upon recall and person identification. Law Hum. Behav.
16, 425–446. doi:10.1007/BF02352268

Rehnman, J., and Herlitz, A. (2007). Women remember more faces than man do.
Acta Psychol. 124, 344–355. doi:10.1016/j.actpsy.2006.04.004

Risius, U.-M., Staniloiu, A., Piefke, M., Maderwald, S., Schulte, F., Brand, M.,
et al. (2013). Retrieval, monitoring and control processes: a 7 Tesla fMRI
approach to memory accuracy. Front. Behav. Neurosci. 7:24. doi:10.3389/fnbeh.
2013.00024

Roark, D. A., Barrett, S. E., Spence, M. J., Abdi, H., and O’Toole, A. J. (2003). Psycho-
logical and neural perspectives on the role of motion in face recognition. Behav.
Cogn. Neurosci. Rev. 2, 15–46. doi:10.1177/1534582303002001002

Rossion, B., Hanseeuw, B., and Dricot, L. (2012). Defining face perception areas in
the human brain: a large-scale factorial fMRI face localizer analysis. Brain Cogn.
79, 138–157. doi:10.1016/j.bandc.2012.01.001

Sato, W., and Yoshikawa, S. (2013). Recognition memory for faces and scenes. J. Gen.
Psychol. 140, 1–15. doi:10.1080/00221309.2012.710275

Schacter, D. L., Dawes, R., Jacoby, L. L., Kahneman, D., Lempert, R., Roediger, H. L.,
et al. (2008). Policy forum: studying eyewitness investigations in the field. Law
Hum. Behav. 32, 3–5. doi:10.1007/s10979-007-9093-9

Schacter, D. L., and Loftus, E. F. (2013). Memory and law: what can cognitive neu-
roscience contribute? Nat. Neurosci. 16, 119–123. doi:10.1038/nn.3294

Schreiber Compo, N., Evans, J. R., Carol, R. N., Villalba, D., Ham, L. S., Garcia, T.,
et al. (2012). Intoxicated eyewitnesses: better than their reputation? Law Hum.
Behav. 36, 77–86. doi:10.1037/h0093951

Schulte-Rüther, M., Markowitsch, H. J., Fink, G. R., and Piefke, M. (2007). Mirror
neuron and theory of mind mechanisms involved in face-to-face interactions: a
functional magnetic resonance imaging approach to empathy. J. Cogn. Neurosci.
19, 1354–1372. doi:10.1162/jocn.2007.19.8.1354

Schwabe, L., Böhringer,A., and Wolf, O. T. (2009). Stress disrupts context-dependent
memory. Learn. Mem. 16, 110–113. doi:10.1101/lm.1257509

Schwabe, L., and Wolf, O. T. (2012). Stress modulates the engagement of mul-
tiple memory systems in classification learning. J. Neurosci. 32, 11042–11049.
doi:10.1523/JNEUROSCI.1484-12.2012

Shah, N. J., Marshall, J. C., Zafiris, O., Schwab, A., Zilles, K., Markowitsch, H. J.,
et al. (2001). The neural correlates of person familiarity. A functional mag-
netic resonance imaging study with clinical implications. Brain 124, 804–815.
doi:10.1093/brain/124.4.804

Sharman, S. J., and Powell, M. B. (2013). Do cognitive interview instructions con-
tribute to false beliefs and memories? J. Invest. Psychol. Offender Profil. 10,
114–124. doi:10.1002/jip.1371

Smeets, T., Otgaar, H., Candel, I., and Wolf, O. T. (2008). True or false? Memory
is differentially affected by stress-induced cortisol elevations and sympathetic
activity at consolidation and retrieval. Psychoneuroendocrinology 33, 1378–1386.
doi:10.1016/j.psyneuen.2008.07.009

Smeets, T., Wolf, O. T., Giesbrecht, T., Sijstermans, K., Telgen, S., and Joels, M.
(2009). Stress selectively and lastingly promotes learning of context-related high
arousing information. Psychoneuroendocrinology 34, 1152–1161. doi:10.1016/j.
psyneuen.2009.03.001

Smith, S. M., and Vela, E. (2001). Environmental context-dependent mem-
ory: a review and meta-analysis. Psychon. Bull. Rev. 8, 203–220. doi:10.3758/
BF03196157

Söderlund, H., Grady, C. L., Easdon, C., and Tulving, E. (2007). Acute effects of alco-
hol on neural correlates of episodic memory encoding. Neuroimage 35, 928–939.
doi:10.1016/j.neuroimage.2006.12.024

Spence, S. A., and Kaylor-Hughes, C. J. (2008). Looking for truth and finding lies:
the prospects for a nascent neuroimaging of deception. Neurocase 14, 68–81.
doi:10.1080/13554790801992776

Steeves, J. K. E., Culham, J. C., Duchaine, B. C., Pratesi, C. C., Valyear, K. F.,
Schindler, I., et al. (2006). The fusiform face area is not sufficient for face
recognition: evidence from a patient with dense prosopagnosia and no occipital
face area. Neuropsychologia 44, 594–609. doi:10.1016/j.neuropsychologia.2005.
06.013

Strange, B. A., Hurlemann, R., and Dolan, R. J. (2003). An emotion-induced retro-
grade amnesia in humans is amygdala- and β-adrenergic-dependent. Proc. Natl.
Acad. Sci. U.S.A. 100, 13626–13631. doi:10.1073/pnas.1635116100

Frontiers in Behavioral Neuroscience www.frontiersin.org December 2013 | Volume 7 | Article 189 | 11

http://dx.doi.org/10.1016/j.actpsy.2007.11.007
http://dx.doi.org/10.1016/j.bbr.2008.10.041
http://dx.doi.org/10.1148/radiol.2382050237
http://dx.doi.org/10.1016/j.ijlp.2012.11.002
http://dx.doi.org/10.1016/j.physbeh.2005.03.011
http://dx.doi.org/10.1016/j.physbeh.2005.03.011
http://dx.doi.org/10.1016/j.neuroimage.2012.08.031
http://dx.doi.org/10.1016/j.neuroimage.2012.08.031
http://dx.doi.org/10.1073/pnas.1102433108
http://dx.doi.org/10.1111/j.1467-8624.2009.01373.x
http://dx.doi.org/10.1016/j.alcohol.2012.09.002
http://dx.doi.org/10.1037/lhb0000010
http://dx.doi.org/10.1503/jpn.100037
http://dx.doi.org/10.1523/JNEUROSCI.2609-12.2012
http://dx.doi.org/10.1523/JNEUROSCI.2609-12.2012
http://dx.doi.org/10.1371/journal.pone.0050283
http://dx.doi.org/10.1162/089892900562552
http://dx.doi.org/10.1162/089892900562552
http://dx.doi.org/10.1016/j.tics.2005.12.004
http://dx.doi.org/10.1348/135532599167842
http://dx.doi.org/10.1016/S0160-2527(00)00066-2
http://dx.doi.org/10.1080/14789940310001599785
http://dx.doi.org/10.1523/JNEUROSCI.3101-11.2012
http://dx.doi.org/10.1016/j.bandc.2004.01.002
http://dx.doi.org/10.1016/j.bandc.2005.07.009
http://dx.doi.org/10.1007/BF02352268
http://dx.doi.org/10.1016/j.actpsy.2006.04.004
http://dx.doi.org/10.3389/fnbeh.2013.00024
http://dx.doi.org/10.3389/fnbeh.2013.00024
http://dx.doi.org/10.1177/1534582303002001002
http://dx.doi.org/10.1016/j.bandc.2012.01.001
http://dx.doi.org/10.1080/00221309.2012.710275
http://dx.doi.org/10.1007/s10979-007-9093-9
http://dx.doi.org/10.1038/nn.3294
http://dx.doi.org/10.1037/h0093951
http://dx.doi.org/10.1162/jocn.2007.19.8.1354
http://dx.doi.org/10.1101/lm.1257509
http://dx.doi.org/10.1523/JNEUROSCI.1484-12.2012
http://dx.doi.org/10.1093/brain/124.4.804
http://dx.doi.org/10.1002/jip.1371
http://dx.doi.org/10.1016/j.psyneuen.2008.07.009
http://dx.doi.org/10.1016/j.psyneuen.2009.03.001
http://dx.doi.org/10.1016/j.psyneuen.2009.03.001
http://dx.doi.org/10.3758/BF03196157
http://dx.doi.org/10.3758/BF03196157
http://dx.doi.org/10.1016/j.neuroimage.2006.12.024
http://dx.doi.org/10.1080/13554790801992776
http://dx.doi.org/10.1016/j.neuropsychologia.2005.06.013
http://dx.doi.org/10.1016/j.neuropsychologia.2005.06.013
http://dx.doi.org/10.1073/pnas.1635116100
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Werner et al. Neuroscience of face processing

Strange, B. A., Kroes, M. C. W., Fan, J. E., and Dolan, R. J. (2010). Emotion
causes targeted forgetting of established memories. Front. Behav. Neurosci. 4:175.
doi:10.3389/fnbeh.2010.00175

Sugiura, M., Mano, Y., Sasaki, A., and Sadato, N. (2011). Beyond the memory
mechanism: person-selective and nonselective processes in recognition of per-
sonally familiar faces. J. Cogn. Neurosci. 23, 699–715. doi:10.1162/jocn.2010.
21469

Technical Working Group for Eyewitness Evidence. (2003). Eyewitness Evidence: A
Trainer’s Manual for Law Enforcement. Washington, DC: National Institute of
Justice.

Tranel, D., Damasio, A. R., and Damasio, H. (1988). Intact recognition of facial
expression, gender, and age in patients with impaired recognition of face identity.
Neurology 38, 690–696. doi:10.1212/WNL.38.5.690

Turk, D. J., Handy, T. C., and Gazzaniga, M. S. (2005). Can perceptual expertise
account for the own-race bias in face recognition? A split-brain study. Cogn.
Neuropsychol. 22, 877–883. doi:10.1080/02643290442000383

Valentine, T., and Mesout, J. (2009). Eyewitness identification under stress in the
London dungeon. Appl. Cogn. Psychol. 23, 151–161. doi:10.1002/acp.1463

van Oorsouw, K., and Merckelbach, H. (2004). Feigning amnesia undermines mem-
ory for a mock crime. Appl. Cogn. Psychol. 18, 505–518. doi:10.1002/acp.999

van Oorsouw, K., and Merckelbach, H. (2006). Simulating amnesia and memories of
a mock crime. Psychol. Crime Law 12, 261–271. doi:10.1080/10683160500224477

van Oorsouw, K., and Merckelbach, H. (2012). The effects of alcohol on crime-
related memories: a field study. Appl. Cogn. Psychol. 26, 82–90. doi:10.1002/acp.
1799

Von Der Heide, R. J., Skipper, L. M., and Olson, I. R. (2013). Anterior temporal
face patches: a meta-analysis and empirical study. Front. Hum. Neurosci. 7:17.
doi:10.3389/fnhum.2013.00017

Wagstaff, G. F., MaCveigh, J., Boston, R., Scott, L., Brunas-Wagstaff, J., and Cole,
J. (2003). Can laboratory findings on eyewitness testimony be generalized
to the real world? An archival analysis of the influence of violence, weapon
presence, and age on eyewitness accuracy. J. Psychol. 137, 17–28. doi:10.1080/
00223980309600596

Waring, J. D., and Kensinger, E. A. (2009). Effects of emotional valence and
arousal upon memory trade-offs with aging. Psychol. Aging 24, 412–422.
doi:10.1037/a0015526

Weingartner, H.,Adefris,W.,Eich, J. E., and Murphy,D. L. (1976). Encoding–imagery
specificity in alcohol state-dependent learning. J. Exp. Psychol. Hum. Learn. 2,
83–87. doi:10.1037/0278-7393.2.1.83

Wells, G. L., and Hasel, L. E. (2007). Facial composite production by eyewitnesses.
Curr. Dir. Psychol. Sci. 16, 6–10. doi:10.1111/j.1467-8721.2007.00465.x

Wells, G. L., and Olson, E. A. (2003). Eyewitness testimony. Annu. Rev. Psychol. 54,
277–295. doi:10.1146/annurev.psych.54.101601.145028

West, R. L., and Stone, K. R. (2013). Age differences in eyewitness memory for a
realistic event. J. Gerontol. B Psychol. Sci. Soc. Sci. doi:10.1093/geronb/gbt014

Winston, J. S., Strange, B. A., O’Doherty, J., and Dolan, R. J. (2002). Automatic and
intentional brain responses during evaluation of trustworthiness of faces. Nat.
Neurosci. 5, 277–283. doi:10.1038/nn816

Wolf, O. T. (2012). Immediate recall influences the effects of pre-encoding stress
on emotional episodic long-term memory consolidation in healthy young men.
Stress 15, 272–280. doi:10.3109/10253890.2011.622012

Wolf, O. T., Kuhlmann, S., Buss, C., Hellhammer, D. H., and Kirschbaum, C. (2004).
Cortisol and memory retrieval in humans – influence of emotional valence. Ann.
N. Y. Acad. Sci. 1032, 195–197. doi:10.1196/annals.1314.019

Wright, D. B. (2007). The impact of eyewitness identifications from simultaneous
and sequential lineups. Memory 15, 746–754. doi:10.1080/09658210701508401

Wright, D. B., and Sladden, B. (2003). An own gender bias and the importance of
hair in face recognition. Acta Psychol. 114, 101–114. doi:10.1016/S0001-6918(03)
00052-0

Yang, Y., Raine, A., Lencz, T., Bihrle, S., Lacasse, L., and Colletti, P. (2005).
Prefrontal white matter in pathological liars. Br. J. Psychiatry 187, 320–325.
doi:10.1192/bjp.187.4.320

Yarmey, A. D. (2004). Eyewitness recall and photo identification: a field experiment.
Psychol. Crime Law 10, 53–68. doi:10.1080/1068316021000058379

Yoon, H. W., Chung, J.-Y., Oh, J.-H., Min, H.-K., Kim, D.-J., Cheon, Y., et al. (2009).
Differential activation of face memory encoding tasks in alcohol-dependent
patients compared to healthy subjects: an fMRI study. Neurosci. Lett. 450,
311–316. doi:10.1016/j.neulet.2008.12.011

Yuille, J. C., and Tollestrup, P. A. (1990). Some effects of alcohol on eyewitness
memory. J. Appl. Psychol. 75, 268–273. doi:10.1037/0021-9010.75.3.268

Zhu, B., Chen, C. S., Loftus, E. F., Lin, C. D., He, Q. H., Chen, C. H., et al. (2010).
Individual differences in false memory from misinformation: cognitive factors.
Memory 18, 543–555. doi:10.1080/09658211.2010.487051

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 14 June 2013; accepted: 18 November 2013; published online: 06 December
2013.
Citation: Werner N-S, Kühnel S and Markowitsch HJ (2013) The neuroscience of face
processing and identification in eyewitnesses and offenders. Front. Behav. Neurosci.
7:189. doi: 10.3389/fnbeh.2013.00189
This article was submitted to the journal Frontiers in Behavioral Neuroscience.
Copyright © 2013 Werner, Kühnel and Markowitsch. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience www.frontiersin.org December 2013 | Volume 7 | Article 189 | 12

http://dx.doi.org/10.3389/fnbeh.2010.00175
http://dx.doi.org/10.1162/jocn.2010.21469
http://dx.doi.org/10.1162/jocn.2010.21469
http://dx.doi.org/10.1212/WNL.38.5.690
http://dx.doi.org/10.1080/02643290442000383
http://dx.doi.org/10.1002/acp.1463
http://dx.doi.org/10.1002/acp.999
http://dx.doi.org/10.1080/10683160500224477
http://dx.doi.org/10.1002/acp.1799
http://dx.doi.org/10.1002/acp.1799
http://dx.doi.org/10.3389/fnhum.2013.00017
http://dx.doi.org/10.1080/00223980309600596
http://dx.doi.org/10.1080/00223980309600596
http://dx.doi.org/10.1037/a0015526
http://dx.doi.org/10.1037/0278-7393.2.1.83
http://dx.doi.org/10.1111/j.1467-8721.2007.00465.x
http://dx.doi.org/10.1146/annurev.psych.54.101601.145028
http://dx.doi.org/10.1093/geronb/gbt014
http://dx.doi.org/10.1038/nn816
http://dx.doi.org/10.3109/10253890.2011.622012
http://dx.doi.org/10.1196/annals.1314.019
http://dx.doi.org/10.1080/09658210701508401
http://dx.doi.org/10.1016/S0001-6918(03)00052-0
http://dx.doi.org/10.1016/S0001-6918(03)00052-0
http://dx.doi.org/10.1192/bjp.187.4.320
http://dx.doi.org/10.1080/1068316021000058379
http://dx.doi.org/10.1016/j.neulet.2008.12.011
http://dx.doi.org/10.1037/0021-9010.75.3.268
http://dx.doi.org/10.1080/09658211.2010.487051
http://dx.doi.org/10.3389/fnbeh.2013.00189
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive

	The neuroscience of face processing and identification in eyewitnesses and offenders
	Introduction
	False memories
	Influences on memory accuracy and quantity

	Memory and face processing in eyewitnesses
	Memory and face processing in offenders
	Reality vs. laboratory
	Conclusion and outlook
	References


