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ABSTRACT
Failing to recognize one’s mirror image can signal an abnorm-
ality in one’s sense of self. In dissociative identity disorder
(DID), individuals often report that their mirror image can feel
unfamiliar or distorted. They also experience some of their own
thoughts, emotions, and bodily sensations as if they are non-
autobiographical and sometimes as if instead, they belong to
someone else. To assess these experiences, we designed
a novel backwards masking paradigm in which participants
were covertly shown their own face, masked by a stranger’s
face. Participants rated feelings of familiarity associated with
the strangers’ faces. 21 control participants without trauma-
generated dissociation rated masks, which were covertly pre-
ceded by their own face, as more familiar compared to masks
preceded by a stranger’s face. In contrast, across two samples,
28 individuals with DID and similar clinical presentations (DSM-
IV Dissociative Disorder Not Otherwise Specified type 1) did
not show increased familiarity ratings to their own masked
face. However, their familiarity ratings interacted with self-
reported identity state integration. Individuals with higher
levels of identity state integration had response patterns simi-
lar to control participants. These data provide empirical evi-
dence of aberrant self-referential processing in DID/DDNOS
and suggest this is restored with identity state integration.
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You’re walking swiftly down the street to meet a friend for tea. It’s mid afternoon,
and you deftly dodge other walkers on their way past the busy storefronts. Out of the
corner of your eye, you catch sight of someone else suddenly at your side. Quickly you
realize it’s actually your own reflection in a storefront window.
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This reflection example illustrates how we construct our conscious experi-
ence on a moment-to-moment basis (Barrett, 2017; Barsalou, 2009; Wilson-
Mendenhall, 2017). Over time, our brain stores different aspects of our
experiences (e.g., audition, vision, gustation, tactition, olfaction, interocep-
tion, action) in memory. These stored memories serve as a set of learned
expectations for how sensations are caused by the environment, and evidence
suggests these memories are actively used to predict our sensory and inter-
oceptive experiences of the world (e.g., Barrett & Simmons, 2015; Panichello,
Cheung, & Bar, 2012). That is, rather than the brain waiting to receive
sensory information through the body’s interaction with the environment,
it instead activates this information in a top-down manner. To a certain
extent, the brain re-enacts or simulates neural activity associated with prior
experience across sensory, interoceptive, and visceromotor regions in the
context of a specific thought or experience (e.g., Barsalou, 2008, 2009;
Simmons, Martin, & Barsalou, 2005; see also predictive coding, Clark, 2013).

In a typically functioning brain, attempts to match and thus reduce error
between predicted and received sensory signals are made in different ways. For
example, predictions can be rapidly updated by incoming sensory input, or
instead the body can be adjusted to match the prediction, or the relevance of
incoming sensory signals can be changed (Barrett & Simmons, 2015). In the
reflection example above, the initial perception of seeing another person was
rapidly adjusted as incoming visual information signaled your own reflection. In
this way, our conscious exteroceptive and interoceptive experience emerges
from a combination of stored knowledge (past experiences), incoming sensory
inputs, and the interplay between the two (e.g., Anderson, Siegel, & Barrett,
2011; Vetter & Newen, 2014). Thus, our ongoing current mental experience is
highly context-, past experience-, and learning-dependent (Lebois, Wilson-
Mendenhall, Simmons, Barrett, & Barsalou, 2018).

While brief, transitory experiences of errors in visual self-recognition like
the reflection example are common (Rochat, 2003; Young & Brédart, 2004),
neurologic and psychiatric disorders may feature persistent errors in visual
self-recognition. Such pathological visual self-recognition errors could arise
from differences in the content of top down activation in the brain, the
sensory inputs it is receiving, or the process of reducing the error between
the two, or at any of these steps, the generation of incomplete patterns of
neural activity that lack a self-component. Therefore, aberrations in visual
self-recognition may provide a clue about an individual’s current experience
of their sense of self, and may hint toward mechanisms of dysfunction and
targets for treatment in psychiatric disorders.

In dissociative identity disorder (DID), a chronic and complex form of
developmental posttraumatic stress disorder principally associated with the
experience of recurring childhood trauma (Dalenberg et al., 2012), indivi-
duals often report instances of not recognizing themselves in the mirror; in
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an ongoing study in our lab, 87% of individuals with DID reported “not
recognizing yourself in the mirror” at least some of the time (N = 31;
Multidimensional Inventory of Dissociation item 123, Dell, 2006b). Clinical
reports of DID describe this breakdown and others in visual self-recognition
(Brand & Loewenstein, 2010; Loewenstein, 1991), and current diagnostic
interviews and self-reports assessing for symptoms of dissociation include
questions about these experiences (Structured Clinical Interview for DSM-IV
Dissociative Disorders, Steinberg, Cicchetti, Buchanan, & Hall, 1993;
Dissociative Experiences Scale, Bernstein & Putnam, 1986; Carlson &
Putnam, 1993; Multidimensional Inventory of Dissociation, Dell, 2006b).
However, to date, no studies have empirically tested the mirror experience
or visual self-recognition experiences of individuals with DID. We developed
an objective behavioral measure to empirically examine and document visual
self-recognition in DID as these errors provide a way to measure dysfunction
in one’s sense of self associated with this disorder.

Testing visual self-recognition through the self bias effect

One way to test visual self-recognition is to take advantage of the self bias
effect (see also ‘self reference,’ ‘self advantage,’ ‘self face advantage’ effects).
This effect involves enhanced processing for stimuli that are self-related (Sui
& Humphreys, 2015). Examples of enhanced processing include superior
memory for (Symons & Johnson, 1997) and attentional salience of self-
related stimuli (Ma & Han, 2010; Sui, Liu, & Han, 2009; Sui, Zhu, & Han,
2006). Evidence of the self bias effect occurs across cognitive and affective
domains, and in performance on behavioral, psychophysiological, and neu-
roimaging paradigms (Sui & Humphreys, 2016). Self bias effects are evident
even when self-related stimuli are processed subliminally, that is, they are
consciously “invisible” (Geng, Zhang, Li, Tao, & Xu, 2012). Together, this
literature suggests self bias effects are robust and difficult to override
(Humphreys & Siu, 2015), further implying an absence of these effects
could signal an abnormality in one’s sense of self and self-related processing.

The developmental, cognitive, and social construction of one’s sense of self
(Harter, 2015) likely establishes several mechanisms underlying self bias
effects. Specifically, current cognitive capacities constrain one’s present
experience of self while the valence and content of self is influenced heavily
by social experience (Harter, 2015). Through childhood and adolescence,
individuals gradually develop the capacity to conceptualize higher level gen-
eralizations and later abstractions about the self that promote the experience
of a coherent, continuous, unified self across contexts and time (Harter,
2015). At least in part, feelings of familiarity, positive valence, and reward
associated with one’s sense of self that are constructed over typical develop-
ment underlie self bias effects (birthday effects: Finch & Cialdini, 1989; name
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effects: Johnson, 1986; object ownership: Kahneman, Knetsch, & Thaler,
1990). Self bias effects may also arise because of a sense of embodiment
associated with one’s self (Sun, Fuentes, Humphreys, & Sui, 2016). That is,
the cognitive representation of “self” is grounded in one’s experience of the
physical body, and sensorimotor and interoceptive neural activity
(Niedenthal, Barsalou, Winkielman, Krauth-Gruber, & Ric, 2005).

If we return to the reflection example, visually perceiving one’s own face
triggers neural activity associated with one’s category of “self” including, for
example, internal bodily states, and sensorimotor experience – one’s past
experience with and knowledge of “self.” This activation is coupled with the
incoming visual perception of one’s face in the current context. This situated
(i.e., context-dependent) conceptualization of self may include feelings of
familiarity, positive valence, reward, and embodiment – aspects hypothesized
to play direct causal roles in the emergence of self bias effects (Humphreys &
Sui, 2015; Sui & Humphreys, 2015, 2016).

In summary, familiarity, positive valence, reward and embodiment may at
various times be a part of our representation of self, and active in our
perception of self-related stimuli. Together these mechanisms may also con-
tribute to the feeling of a coherent, integrated, consistent self across contexts
and time (Van der Hart, Nijenhuis, & Steele, 2006). The presence of
a coherent self-structure has been hypothesized to act as an integrative
influence on information processing, which may also underlie self bias effects
(Sui & Humphreys, 2015).

Potential disruptions in the self bias effect for individuals with DID

Critically, mechanisms of the self bias effect may be disrupted in DID,
contributing to errors in visual self-recognition. Evidence suggests indivi-
duals who have experienced childhood abuse and neglect develop
a negatively valenced self-concept as opposed to the developmentally typical
positive association with self and have altered coherence in their sense of self
(Calverley, Fischer, & Ayoub, 1994; Schneider-Rosen & Cicchetti, 1991; Toth,
Cicchetti, Macfie, Maughan, & VanMeenen, 2000). Studies specifically in
individuals with dissociative disorders have shown they experience high
levels of shame and guilt (Dorahy et al., 2015). They also exhibit an extreme
aversion to their own thoughts, feelings, and body that some authors describe
as phobia-like (Van der Hart et al., 2006). An aversion to one’s self can lead
to maladaptive avoidance behaviors or obsessive fixation on, for example,
parts of one’s body (Van der Hart et al., 2006) that could impact the
familiarity of self-related stimuli. Furthermore, current research suggests
that self bias effects can be diminished (Sui, Ohrling, & Humphreys, 2016)
and removed altogether (Ma & Han, 2010) in nonpsychiatric samples with
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a negative self priming manipulation. This suggests a negatively valenced
self-concept and self aversion in DID could disrupt self bias effects.

In addition, a prominent symptom in DID is a profound sense of detachment
from one’s body (i.e., depersonalization; Steinberg et al., 1993; Steinberg &
Schnall, 2010). Individuals often describe feeling like they do not have a body
(Loewenstein, 1991). Recent research suggests self bias effects can be modulated
by the extent to which stimuli line up with the participant’s own perspective and
body (Sun et al., 2016). If one does not feel their body, it logically follows that this
lack of embodiment could disrupt self bias effects.

Furthermore, a lack of self-coherence may contribute to errors in visual self-
recognition in DID/DDNOS. An important point about DID is that the problem
is not having multiple selves, but it is having a sense of “not me” related to one’s
self (Spiegel, 2006). That is, sometimes one’s own thoughts, feelings, behaviors,
and bodily sensations feel nonautobiographical – like the experience is not one’s
own, despite knowing it must be (Dell, 2006a, 2009). For individuals with DID,
though their capability for reality testing is intact, this “notme” experience of self
is an organizing conceptual framework for how they perceive and experience
their mind and body (Brenner, 2001, 2004). The “not me” sense of self experi-
enced in DID may, at least in part, result from a failure to integrate context or
state dependent experiences of self that all children encounter (Putnam, 1997).
This gives rise to the feeling in DID that one’s self is not unified in adulthood
(Dalenberg et al., 2012). These “not me” dissociative experiences could disrupt
self bias effects. A lack of self-coherence may influence the mechanisms
hypothesized to be part of producing the self bias, namely, familiarity, positive
valence, reward, and embodiment. Alternatively, aberrations in feelings of
familiarity, self-concept valence, reward processing, and embodiment may con-
tribute to the feeling of a “not me” self.

In summary, aberrations in feelings of familiarity, self-concept valence,
reward processing, embodiment, and self-coherence could disrupt self bias
effects for individuals with DID. These aberrations are likely developed over
time, stemming from chronic traumatic experiences in childhood, and are
stored in memory. Furthermore, these experiences could influence both the
content of sensory, motor, interoceptive, and visceromotor predictions about
the environment and the experience of incoming sensory inputs (and possi-
bly the interplay between the two) – producing errors in visual self-
recognition for individuals with DID.

Recovery from DID could influence self bias effects

Successful treatment of DID is associated with increased feelings of
integration1 (e.g., Ellason & Ross, 1997; Kluft, 1984), which could influence
self bias effects. Broadly speaking, integration is a process experienced at
multiple levels by everyone. In the most general sense, it is a “process
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involving ongoing mental actions that help both to differentiate and link
experiences over time within a personality” (Van der Hart et al., 2006, p. 11).
Van der Hart and colleagues (2006) propose that integration includes two
main cognitive processes: synthesis and realization. Synthesis is the process
of categorizing interoceptive and exteroceptive experience on a moment-by-
moment basis and across time (see also situated conceptualization, concep-
tual act, Barrett, Wilson-Mendenhall, & Barsalou, 2014; Barsalou, 2009). This
can occur at the level of, for example, sensorimotor experience, affect, action,
or one’s sense of self. In this way, synthesis helps produce an experience of
a cohesive consciousness and personal history. At a higher level, realization is
a process of perceiving, accepting, and making meaning of reality as it is. It
includes present centered awareness and personal ownership and agency over
experience (i.e., presentification and personification, respectively; e.g., Van
der Hart et al., 2006). Integration is a capacity that develops across the
lifetime as different cognitive abilities emerge, and individuals can also
experience variation in integration throughout a single day (e.g., sleeping
vs. waking; Van der Hart et al., 2006).

Integration is often disrupted in DID at many of these levels, and of
particular interest to this study, specifically in the context of an integrated
sense of self. A major goal of therapy for individuals with DID is to promote
a sense of integration at all these levels (Van der Hart et al., 2006). Markers of
identity state integration in DID may include increased awareness of internal
states, increased awareness across aspects of one’s sense of self that feel
separate, and a subjective sense of cohesiveness in memory and sense of
self (Greaves, 1989; Kluft, 1984, 1993a). Few empirical treatment studies have
been conducted on identity state integration in DID, but some research has
found identity state integration to be associated with reductions in symptoms
of depression, amnesia, and trauma-generated dissociation (e.g., Ellason &
Ross, 1997; Kluft, 1984). Given this, as an individual with DID begins to
experience successful synthesis and realization within a moment and across
time, seeing one’s own facial image may produce feelings of familiarity,
positive valence, reward processing and/or embodiment, just like it would
for someone without DID.

Experiment overview

Given errors in visual self-recognition may signal dysfunction in one’s sense of
self, we sought to examine whether individuals with DID and those with clinical
presentations similar to DID (e.g., DSM-IV dissociative disorder not otherwise
specified type 1, hereafter referred to as DDNOS) would demonstrate a distinct
lack of self biasing effects in face perception. We designed a novel self bias
paradigm, the Face Familiarity Paradigm, to test this hypothesis through covert
(masked) face processing. We chose covert rather than overt face processing for
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three reasons: 1) to avoid discomfort – individuals with DID sometimes report
that it is very aversive to see images of their own face, 2) to capture self-related
neural activity that occurs within milliseconds after initial presentation of a self
face (Adler, Schabinger, Michal, Beutel, & Gillmeister, 2016), and 3) to avoid
demand characteristics in which the participant might infer the hypotheses of
the experiment and consciously or unconsciously alter their responses to fit
experimental hypotheses.

In a backwards masking paradigm (Breitmeyer & Ogmen, 2000), both
nonclinical controls and participants with DID/DDNOS were overtly shown
a series of unfamiliar strangers’ faces and asked to rate their feeling of
familiarity with the faces. Unbeknownst to participants, on different sets of
trials, prior to the overt appearance of stranger’s faces, they were covertly
shown their own face, an unfamiliar stranger’s face, and a familiar famous
person’s face. We anticipated that control participants’ familiarity ratings
would demonstrate a self bias effect, which we termed the self familiarity
bias. That is, they would rate overtly perceived strangers’ faces as more
familiar if their own face covertly preceded them. In contrast, we hypothe-
sized individuals with DID/DDNOS would not show this effect. We pre-
dicted both groups, however, would show a famous familiarity bias. That is,
covert presentation of a famous face would increase associated familiarity
ratings in the task.

Finally, we were also interested in whether the severity of dissociative
symptoms was related to familiarity ratings. We hypothesized that partici-
pants with DID/DDNOS who had a greater sense of awareness of other
identity states, communication between identity states, shared executive
control, and less amnesia between identity states (i.e., higher identity state
integration; Barlow & Chu, 2014) would have higher ratings of familiarity
after the covert presentation of their own face compared to individuals who
reported less identity state integration.

Method

We sought both to validate a new self bias task, the Face Familiarity
Paradigm in a control sample of individuals without trauma-generated dis-
sociation, and also to test for differences between our control and DID/
DDNOS sample. See the Electronic Supplementary Materials (ESM) for
further characterization of the participants, design, materials, procedures,
and data analysis. All procedures performed in this study were in accordance
with the ethical standards of the institutional research committee and with
the 1964 Helsinki declaration and its later amendments. Informed consent
was obtained from all participants. All participants were compensated $15 for
the Face Familiarity Paradigm and related procedures.
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Participants

For the control sample, a convenience sample of 21 females ages 18 to 60
(M = 28.10) was drawn from the greater Boston area. 76% were Caucasian,
14% Asian, 5% African American, 5% identified as “other,” and 1 individual
also identified as Hispanic/Latino. Control participants were of unknown
education level, household monthly income, medication status, and trauma-
exposure. Exclusion criteria were reports of clinical levels of trauma-
generated dissociation.

The DID/DDNOS sample was a combination of two cohorts: A) indivi-
duals seeking treatment at a psychiatric hospital, and B) individuals attending
the annual international Healing Together Conference – an educational and
support conference for individuals with DID in Orlando, FL. At the time of
data collection (February 2017), this conference hosted 240 attendees from
across the United States, Canada, and Europe. Attendees included 65 mental
health professionals, 73 supporters, and 102 individuals with DID or related
dissociative disorders.

Cohort A hospital sample was a convenience sample of 12 female partici-
pants ages 23 to 61 (M = 45.58) recruited as part of a larger study on trauma-
generated dissociation not reported here. Expert clinicians used the gold
standard Structured Clinical Interview for DSM-IV Dissociative Disorders
to diagnosis dissociative disorders (SCID D, Steinberg et al., 1993). All 12
individuals met criteria for DID (N = 10) or DDNOS type 1 (N = 2). All
individuals also endorsed a history of childhood trauma, and met criteria for
posttraumatic stress disorder (PTSD). One individual was dropped for exhi-
biting symptoms of psychosis. This left a final N of 11 in this cohort.

Cohort B conference sample was a convenience sample of 19 female
participants ages 18 to 62 (M = 46.47). Given time constraints at a 2-day
conference, we relied on self-reported diagnoses and self-report question-
naires to assess trauma exposure, and diagnoses of DID/DDNOS and
PTSD. All participants endorsed a history of childhood and adulthood
trauma. All individuals also stated they had a diagnosis of DID (N = 18)
or DDNOS (N = 1), and furthermore all but one individual had an Identity
Dissociation subscale score of 15 or higher on the Multiscale Dissociation
Inventory, a score which has been shown to identify 93% of those with
a diagnosis of DID (Briere, 2002). All but one individual stated they had
a diagnosis of PTSD, and 89% of the sample met PTSD criteria on the
PTSD Checklist for DSM-5 (Weathers et al., 2013). One individual did not
complete the Face Familiarity Paradigm. This left a final N of 18 for the
Face Familiarity Paradigm analyses. Combining both cohorts provided
a final N of 29 for self-reports and 28 for the Face Familiarity Paradigm
analysis for the DID/DDNOS sample.
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Design

Both the control and DID/DDNOS sample had a within subjects factor of
target type (famous, self, stranger). Control participants and Cohort A of the
DID/DDNOS group included an additional within subjects factor, mask type
(female, male). The male mask condition did not demonstrate the hypothe-
sized self bias effect in control participants (see ESM), and these trials were
dropped from the analysis presented here. Given this, the male mask condi-
tion was dropped from the design used for Cohort B of the DID/DDNOS
group, and replaced with all female masks.

The backwards masking design and event timing were adapted from two
backwards masking paradigms (Chen, Whalen, Freeman, Taylor, &
Heatherton, 2015; Whalen et al., 1998). Visual backwards masking is
a technique used to decrease the visibility of a target stimulus by quickly
presenting another stimulus, that is, a “mask” directly after the target
(Breitmeyer & Ogmen, 2000). How the mask disrupts visibility of the target
is still theoretically debated. Intriguingly, even though participants are not
aware of seeing the target stimulus, it can still influence cognition and
behavior (e.g., response times and ratings).

Trials were organized in a block design. One block was made up of 1 target
type and 10 novel masks. Masks never repeated. The Face Familiarity
Paradigm was divided into three 4 min 2 sec runs. Each run contained 6
blocks (Controls/Cohort A DID/DDNOS: 1 for each of the 6 critical condi-
tions; Cohort B DID/DDNOS: 2 for each of the 3 critical conditions). Each
participant made a total of 180 familiarity ratings. This task design was
optimized for neuroimaging and also included 6 blocks of an active baseline
task not reported here.

Materials and measures

Controls/Cohort A DID/DDNOS: The face stimuli included 180 critical (90
female) and 30 practice masks (20 female) that were all of unfamiliar
strangers’ faces, hereafter referred to as “masks.” The face stimuli set also
included 1 practice and 8 critical target female faces: 1 self face, 1 famous
face, and 7 stranger faces, hereafter referred to as “stranger.” The self face was
a picture of the participant. The famous face was a stock photo of Jennifer
Aniston. The 7 target stranger faces and the 210 mask faces were drawn from
nine face databases. 7 different target female faces, one for each block of the
experiment, were used to avoid the stranger condition becoming covertly
familiar as the experiment went on. The face stimuli for Cohort B DID/
DDNOS were the same as those used for Controls/Cohort A DID/DDNOS
except the male masks were replaced with new female masks.
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For Controls/Cohort A DID/DDNOS we used the state portion of the
State Trait Anxiety Inventory (STAI) to measure anxiety in the present
moment (Spielberger, 2010). To measure present moment anxiety for
Cohort B DID/DDNOS, participants rated the statement, “I feel anxious,”
on a scale of 1 (not at all), 2 (somewhat), 3 (moderately so) to 4 (very much
so). We used the Integration Measure (IM) to assess subjective feelings of
“not me” vs. agency and cohesion in sense of self or identity for individuals
with DID/DDNOS (Barlow & Chu, 2014). This scale captures a number of
elements hypothesized to be components of identity state integration in DID
including, awareness of other identity states, communication between iden-
tity states, shared executive control, and no longer experiencing amnesia
between identity states (Barlow & Chu, 2014; Greaves, 1989). Possible scores
range from 0, indicating, “little or no communication or awareness among
identities” to 20, indicating, “all parts are aware of and cooperating with each
other” (Barlow & Chu, 2014).

Procedure

Participants were told we were interested in individual differences in anxiety
surrounding having one’s photograph taken and how that was related to face
perception. First, participants reported their present moment levels of anxiety
as related to having their photograph taken using the state portion of the STAI
or a single “I feel anxious” statement. Participants then had their photograph
taken using a computer. After the photograph, participants completed the
measure of anxiety again. Next, participants completed other self-report mea-
sures (see ESM), including the Integration Measure for participants with DID/
DDNOS. Unbeknownst to the participant, the experimenter incorporated their
photo into the Face Familiarity Paradigm during this time.

Subsequently, participants completed the Face Familiarity Paradigm.
They were told they would see a series of faces. They were asked to rate
how familiar each face felt to them on a scale of 0 (not at all) to 3
(very). Participants were instructed not to think too hard about their
ratings, but instead to “go with their gut.” Participants practiced the
task, and then completed the three 4 min runs of the real task.
Participants received a 2360 ms cue “Familiarity Judgments” at the
beginning of each 10-event block. As illustrated in Figure 1, a trial
consisted of the following: Unbeknownst to the participant, the target
(famous, self, stranger) was presented for 17 ms on a black background.
A novel mask face quickly covered the target for 183 ms. The mask was
followed by the familiarity rating screen, “Familiarity?” in gray font on
a black background. The rating screen also included a reminder of the
rating options. Participants had 1560 ms to make their rating before the
screen changed to a gray fixation cross for 600 ms. The use of

10 L. A. M. LEBOIS ET AL.



backwards masking ensured that even though participants were unaware
of perceiving the target stimulus (famous, self, stranger), these stimuli
could still influence cognition and behavior – in this case, feelings of
familiarity (or lack thereof) elicited by the targets would be misattributed
to the mask stimuli and would influence participant familiarity ratings.

The trial sequence repeated itself for 10 trials, after which either another
familiarity block occurred or an active baseline block of trials occurred. A final
7680 ms fixation cross occurred at the end of each run. After completing the
Face Familiarity Paradigm, participants were asked if they saw their own face
during the task. They were also shown the famous target face, and asked if they
recognized her as a manipulation check.

Data analysis

We used a linear mixed effect regression model (LMER; e.g., Snijders &
Bosker, 2012) to assess the influence of the factors on familiarity ratings.
Compared to more traditional ANOVA analyses using aggregate data and
repeated-measures, LMER controls for random effects variance without data
aggregation, providing greater statistical power (Baayen, Davidson, & Bates,

*participants only 

consciously aware of 

seeing this face*

Reactions to target face 

attributed to mask face

17ms

Target

183 ms

Mask

Familiarity?

1560ms

600ms

+

0 1 2 3

Not A little Somewhat Very

At all

Target Types

Mask Types

Self:

familiar

Famous:

familiar

Stranger:

unfamiliar

Male:

unfamiliar

Female:

unfamiliar

Figure 1. Face Familiarity Paradigm example trial. Target and mask types are also depicted.
Familiar vs. unfamiliar designations are based on hypotheses for control participants.
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2008; Judd, Westfall, & Kenny, 2012). Using SPSS version 24 MIXED pro-
cedure (Heck, Thomas, & Tabata, 2014), the fixed effects were group (con-
trol, DID/DDNOS) and target type (famous, self, stranger). Subjects were
specified as a random factor to account for individual differences in predict-
ing familiarity (random intercept). The covariance structure for random
effects was specified as orthogonal variance components, and the normal-
deviate Wald test was used to test the significance of the random intercept.

In a set of secondary analyses with only the DID/DDNOS sample, we assessed
whether reported identity state integration was related to familiarity ratings. For
these analyses, three average familiarity rating scores were computed for each
participant with DID/DDNOS based on target type (famous, self, stranger). From
these average ratings, two familiarity rating difference scores were computed: a)
famous – stranger and b) self – stranger. These difference scores can be con-
ceptualized as the magnitude of each participant’s famous familiarity effect and
self familiarity effect. Individuals who had a stronger familiarity reaction to the
covert viewing of the famous face or their own face had larger positive scores. The
two difference scores were entered into a correlation analysis. A repeated-
measures ANOVA with continuous simple effects of identity state integration
scores was also computed. For the ANOVA, we used the three average familiarity
rating scores computed for each participant with DID/DDNOS based on target
type (famous, self, stranger). Identity state integration scores were transformed
into standardized z-scores before being entered into the ANOVA. The ANOVA
examinedwhether there were significant differences in familiarity ratings based on
individual’s identity state integration levels.We then used pairwise comparisons of
the estimated marginal means to test for differences between target conditions
while holding identity state integration scores constant at one standard deviation
below (“low integration”) and above (“high integration”) the mean.

As stated, the male mask trials were dropped from the analyses reported next.
Thismeant that for control participants and theDID/DDNOSCohort A 90 ratings
were included for each person, while for DID/DDNOS Cohort B 180 ratings were
included for each person. The two DID/DDNOS cohorts were combined into one
group for these analyses, but see the ESM for additional results including each
group analyzed separately for the LMER model, anxiety ratings, and famous
manipulation check. Reported p-values for the LMER contrast analyses and the
repeated-measures ANOVA pairwise comparisons are sidak corrected, and are
2-tailed unless otherwise specified as directional, hypothesis driven 1-tailed tests.

Results

Predicting familiarity ratings with LMER modeling

We hypothesized control participants would have higher familiarity ratings
in the self and famous conditions compared to stranger conditions, whereas
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individuals with DID/DDNOS would only have higher familiarity ratings in
the famous condition – that is, they would be missing a self bias effect. To
test whether control participant findings were significantly different from
patterns observed in individuals with DID/DDNOS, we were interested in
whether there was a group x target type interaction. As hypothesized, the
group x target type interaction was significant, F(2, 5555.59) = 6.72, p = .001.

For the control sample, contrast analyses supported our hypothesized
differences between famous, self, and stranger target conditions. Female
masks of the self target were rated as significantly more familiar than female
masks of the stranger target, M diff = .12, 95% CI [.02, .22], t(5555.63) = 2.98,
SE = .04, p = .005 1 tailed, Figure 2. Female masks of the famous target were
rated as significantly more familiar than female masks of the stranger
target, M diff = .18, 95% CI [.09, .28], t(5555.64) = 4.46, SE = .04, p < .001
1 tailed. Female masks of the famous and self targets were not significantly
different from one another, M diff = .06, 95% CI [−.04, .16], t
(5555.41) = 1.49, SE = .04, p = .355.

For the DID/DDNOS sample, our hypotheses were partially supported. As
expected, female masks of the self target and stranger target were not signifi-
cantly different, M diff = .03, 95% CI [−.04, .10], t(5555.89) = .97, SE = .03, p
= .706, Figure 2. Also, female masks of the self target were rated as significantly
more familiar in the control group compared to the DID/DDNOS
sample,M diff = .44, 95%CI [.13, .76], t(118.12) = 2.76, SE = .16, p = .004 1 tailed.

Unexpectedly, however, in the DID/DDNOS sample, female masks of the
famous and stranger target were not significantly different from one
another, M diff = −.001, 95% CI [−.07, .07], t(5555.54) = −.03, SE = .03,

F
a

m
il

ia
r
it

y
 R

a
t
in

g

Control Sample Combined DID/DDNOS Sample

.5

.7

.9

1.1

1.3

1.5

Self Stranger Self Stranger

*

N = 21 N = 28

Figure 2. Familiarity rating estimated marginal means from the linear mixed effect regression
model. Familiarity ratings of the mask are broken out by target stimulus (self, stranger). These are
only results for the female masks. The graph on the left is control participants and the graph on
the right is a combined sample of all participants with DID/DDNOS. * indicates p < .05, 1 tailed.
Error bars are ±1 standard error of the mean.
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p > .05. And female masks of the famous and self targets were not significantly
different from one another,M diff = −.03, 95% CI [−.10, .04], t(5555.86) = −1.00,
SE= .03, p > .05. This is likely because only 13 of the 28 participants reported that
they recognized the famous face during the manipulation check, making the
famous face equivalent to the stranger target condition.

Interestingly, there was also a main effect of group, F(110.70) = 7.82,
p = .006. Collapsing across condition (self, famous, stranger), control parti-
cipants were more likely than participants with DID/DDNOS to rate mask
faces as familiar. This was likely largely driven by higher familiarity ratings to
the self and famous targets in the control sample. However, familiarity
ratings of the stranger target were also higher in the control sample com-
pared to participants with DID/DDNOS, M diff = .35, 95% CI [.03, .67], t
(118.32) = 2.18, SE = .16, p = .032.

In summary, the control sample demonstrated the hypothesized familiarity
effects for self and famous targets, indicating that covert presentation of their
own or a famous face elicited feelings of familiarity. In contrast, individuals
with DID/DDNOS did not demonstrate familiarity effects for self or famous
targets. This suggests that for participants with DID/DDNOS their own face
did not elicit feelings of familiarity in the same way as it did for control
participants. The lack of effects with the famous target is likely because the
majority of the DID/DDNOS sample did not recognize the famous face.

Evaluating the relationship between identity state integration and the self
familiarity bias

To assess how participants’ reported identity state integration was related to
familiarity ratings, we computed a series of correlation analyses and an
ANOVA. Overall, we hypothesized that participants with DID/DDNOS who
had higher identity state integration scores would have higher ratings of
familiarity after the covert presentation of their own face vs. the stranger
faces compared to individuals who had lower identity state integration scores.

In our sample, identity state integration scores ranged from 3 to 17 out of
a total possible score of 20 (M = 11.43, SD = 3.58). As hypothesized, the
correlation between the self – stranger difference score (the magnitude of the
self familiarity effect) and identity state integration scores was significant, r
(27) = .52, p = .002 1 tailed, indicating the higher their identity state
integration scores, the greater the magnitude of their self familiarity effect
(Fig S4). The correlation between the famous – stranger difference score (the
magnitude of the famous familiarity effect) and identity state integration
scores was not significant, r(27) = .23, p = .119, indicating identity state
integration was not related to the magnitude of the famous familiarity effect
(Fig S4). This suggests reported identity state integration was specifically
related to self-face processing not just face processing in general.
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To further test the relationship between identity state integration and
familiarity ratings, we conducted a repeated-measures ANOVA with
a within-subjects factor of target type (famous, self, stranger) and the con-
tinuous simple effects of standardized identity state integration scores. We
hypothesized individuals with higher identity state integration scores would
have a self familiarity effect similar to control participants, and individuals
with lower identity state integration scores would not. This would be indi-
cated in a significant interaction between target type familiarity ratings and
identity state integration scores.

As hypothesized, the target x identity state integration interaction was sig-
nificant, F(2, 26) = 5.22, p = .012, ηp

2 = .286. Please see Figure 3 for the results
that follow. For individuals one standard deviation above the mean on identity
state integration scores (“high integration”), participants’ familiarity rating
patterns between target types resembled control participants. That is, female
masks of the self target were rated as significantly more familiar than female
masks of the stranger target,M diff = .13, 95%CI [.01, .26], t(28) = 2.71, SE = .05,
p = .016 1 tailed, dz = .50. For individuals one standard deviation below the mean
on identity state integration scores (“low integration”), participants’ familiarity
rating patterns between target types had no significant differences, femalemasks:
self vs. stranger target, M diff = −.09, 95% CI [−.21, .04], t(28) = 1.82, SE = .05,
p = .220, dz = .33. For both individuals with high and low integration scores, the
famous condition did not affect familiarity ratings, high integration famous vs.
stranger:M diff = .07, 95% CI [−.07, .21], t(28) = 1.33, SE = .06, p > .05, dz = .25,
low integration:M diff = −.02, 95% CI [−.16, .12], t(28) = −.40, SE = .06, p > .05,
dz = .07. This is likely because only some of the individuals reported recognizing
the famous face during the manipulation check and/or because familiarity of
famous faces is unrelated to identity state integration scores. Unrelated to our
hypotheses, the target type main effect was not significant, F(2, 26) = .26,
p = .772, ηp

2 = .020.
In summary, individuals with DID/DDNOS and higher identity state inte-

gration scores more closely resembled control participants. For these indivi-
duals, covert presentations of their own face elicited feelings of familiarity,
whereas for those who scored lower in identity state integration, covert pre-
sentations of their own face did not elicit feelings of familiarity.

Discussion

Individuals with DID often report they do not recognize themselves in the
mirror. Persistent failures in mirror recognition may signal an aberration in
one’s sense of self. One way to test visual self-recognition and possibly tap
into one’s current experience of “self” is to leverage the self bias effect. The
self bias effect is enhanced processing of self-related stimuli (Sui &
Humphreys, 2015). Furthermore, individuals with DID experience
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a number of symptoms that could disrupt self bias effects and impact both
the predictions made by the brain and sensory inputs received by the brain
when looking at one’s reflection or thinking about one’s self. Based on these
points, we predicted that in a novel paradigm, control participants would
exhibit self bias effects when covertly processing their own face, but indivi-
duals with DID/DDNOS would not. We also predicted both groups would
show a familiarity bias for famous faces. Finally, we hypothesized self bias
effects would interact with symptom severity in our DID/DDNOS group.
These predictions were partially confirmed.

Covertly processed self and famous faces produce a bias in familiarity
ratings for controls

In a sample of female control participants without trauma-generated disso-
ciation, covert exposure to their own face and a famous face produced
feelings of familiarity. These feelings were misattributed to the mask faces,
and participants rated masks that followed self and famous faces as feeling
more familiar compared to masks that followed stranger faces. Interestingly,
these effects were only evident for female mask conditions. Male masks
blocked the effect. There is some evidence to suggest masking paradigm
effects can be gender specific (Jiang, Costello, Fang, Huang, & He, 2006),
but the direct mechanism at play in our paradigm is unclear. Perhaps target
and mask gender need to be matched for self bias effects to take place in this
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Figure 3. Estimated marginal means of familiarity ratings from the traditional repeated-measures
ANOVA with continuous simple effects of identity state integration. Familiarity ratings of the
mask are broken out by target stimulus (self, stranger). These are only results for the female
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paradigm. Given abuse by male perpetrators is commonly reported by
individuals with DID, perhaps just viewing male faces is threatening enough
to block familiarity effects. However, male masks blocked the effects for our
control sample as well. A separate study including only males with both
female and male mask conditions is warranted to examine this question.

Individuals with DID/DDNOS fail to display a self bias, but identity state
integration is associated with a recovered self bias

In our paradigm, we found a distinct lack of self bias effects for individuals
with DID/DDNOS, in particular for those reporting lower identity state
integration scores. This suggests that covertly processed self faces did not
elicit feelings of familiarity for these individuals, and this was reflected in
their behavioral ratings.

Clinical reports suggest these findings may be specific to self faces, but this
conclusion cannot be definitively drawn in relation to our findings because
the famous face manipulation was unsuccessful in our DID/DDNOS group.
That is, covert presentation of the famous face did not increase familiarity
ratings. This may have occurred for two reasons: 1) our chosen famous
person, Jennifer Aniston, was less widely known in our DID/DDNOS sample
as evidenced by the famous manipulation check at the end of the experiment,
or 2) it could be reflective of more general, non-self specific aberrations in
face processing for individuals with DID/DDNOS. In both body dysmorphic
disorder and anorexia nervosa, disorders that include irregularities in self-
referential processing and visual perception of self, the literature also points
to the existence of general irregularities in face processing (e.g., Beilharz,
Castle, Grace, & Rossell, 2017; Moody et al., 2015). This may also be the case
for individuals with DID. Further research is necessary to test this hypothesis.

Familiarity ratings elicited by stranger target faces were also significantly
lower in our DID/DDNOS sample compared to our control sample. This
may be because individuals with DID/DDNOS were just less likely to endorse
faces as familiar. Future research could address this question by testing
participant’s recognition memory for novel and previously presented faces,
and measuring discriminability and bias in responding. Differences in accu-
racy of face identity perception between the two groups may also have
contributed to this result. Anecdotally, most control participants reported
after the experiment that they thought the (mask) faces were repeating.
Reflective of this, their familiarity ratings across all conditions increased
throughout the experiment. No participants with DID/DDNOS reported
this. Perhaps these individuals were more discerning in their face identity
perception compared to control participants as in reality none of the mask
faces repeated across the experiment.
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Finally, individuals with DID/DDNOS who had higher identity state
integration scores displayed a self bias pattern similar to control participants.
That is, covert processing of their own face elicited feelings of familiarity that
were attributed to the mask faces. Individuals who had lower identity state
integration scores exhibited no self bias effect in their familiarity ratings.
Identity state integration scores correlated with the magnitude of self bias
effects, but they did not correlate with the magnitude of familiarity elicited by
the famous face. Because famous familiarity was not associated with identity
state integration, this could point toward self-specific processing differences
in DID/DDNOS and our paradigm.

Limitations and future directions

Across three cohorts, we used different self-report measures of dissociation,
trauma exposure, data collection environments, and ways of establishing
diagnoses. However, this allowed us to validate our paradigm with different
measures, across different sites, and within different samples of individuals
with DID/DDNOS, enhancing the generalizability of our findings.
Additionally, we relied on the MDI cutoffs and self-disclosure of a DID/
DDNOS diagnosis for Cohort B, instead of a SCID-D based diagnosis. The
risk of false or inflated diagnoses is possible. Also, Cohort B was made up of
individuals willing and able to attend a DID-related conference, who then
self-selected to participate in research. With these points in mind, the next
iteration of this paradigm will seek to replicate findings in a larger sample
with more controlled measures and environment.

During the famous face manipulation check very few individuals with
DID/DDNOS recognized the famous face. This prevented us from making
strong conclusions about the self-specificity of our results. Future work
should personalize the famous face condition to each individual to ensure
it is acting as a familiarity control. Individuals with DID may have more
general differences in how they perceive faces or process information.
Domain general differences cannot yet be ruled out.

We relied on a nonclinical control sample. This limits us from making
strong claims about the specificity of our findings to DID. For example,
depersonalization symptoms could be one potential underlying mechanism
in our DID/DDNOS findings. As depersonalization is a transdiagnostic psy-
chiatric symptom, we may find similar results in other clinical samples.
Future work should include clinical comparison groups to test the specificity
of findings to DID vs. psychopathology more generally.

Nearly all individuals in our DID/DDNOS Cohort A were taking various
psychiatric medications, and it is unknown what medications (if any) Cohort
B was taking. These medications could have interfered with our results. The
reported medications, however, were taken to reduce psychiatric symptoms,
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which could potentially bias against our hypothesized lack of self bias effects
in DID/DDNOS, yet we still found no self bias effects.

Finally, this set of studies demonstrated a lack of self bias effects in covert
behavioral recognition and feelings of familiarity elicited by perceiving one’s
own face for individuals with DID/DDNOS. It could be possible that indivi-
duals with DID/DDNOS may still demonstrate autonomic nervous system
(e.g., skin conductance) “recognition” of their own face similar to covert
recognition of personally familiar faces sometimes reported in prosopagnosia
(Bruyer, 1991). In addition, an important goal of future work is to investigate
the neural correlates of missing self bias effects and more generally, the
experience of “not me” associated with self in DID. Foundational work by
Reinders and colleagues has demonstrated distinct neural activity associated
with different identity states in DID, markedly similar to patterns in PTSD
and the dissociative subtype of PTSD (Reinders et al., 2003, 2006; Schlumpf
et al., 2014), but as of yet, no one has examined the feeling, specifically, that
one's own image is nonautobiographical.

Clinical meaning and implications

Viewing one’s own face did not elicit feelings of familiarity for individuals
with DID/DDNOS as demonstrated in their behavioral responses compared
to individuals without trauma-generated dissociation symptoms. This pro-
vides empirical evidence of aberrant self-referential processing in DID that
can be seen in a behavioral paradigm. Internal intrusion symptoms (see also
‘positive dissociative symptoms,’ Van der Hart et al., 2006) related to self-
referential processing represent the majority of symptoms in DID, and thus,
it is key that the field develop ways to measure them (Dell, 2009).

Presumably, subjective feelings of “not me,” strangeness, and unfamiliarity
reported by individuals with DID when viewing their own face have a brain
basis. Identifying neurological intermediate phenotypes linked to this subjective
experience will increase the likelihood of detecting biological markers of dys-
function or recovery in DID (Admon, Milad, & Hendler, 2013; Meyer-
Lindenberg & Weinberger, 2006). It may also expose emerging physiological
consequences of DID before they are perceptible in observable behavior
(Pohlack et al., 2015). Detecting neurological intermediate phenotypes of DID
may also help to distinguish between biological sequelae of DID and vulner-
abilities toward developing DID given the necessary environmental circum-
stances (Admon et al., 2013; Meyer-Lindenberg & Weinberger, 2006).

Furthermore, these self-referential processing differences in our paradigm
occurred outside conscious awareness. The covert nature of the paradigm
would have prevented individuals from molding their responses to precon-
ceived notions about, for example, what the “right” responses for someone with
DID would be based on media representations, therapist cueing, and
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sociocultural expectations about the symptoms of DID. This suggests that these
influences were not at play in response patterns for individuals with DID.

Finally, these findings demonstrate that variation in identity state integra-
tion is associated with objective, measurable behavioral differences. While
a longitudinal study would be necessary to definitively test within-person
changes in identity state integration over time, our results suggest that as an
individual with DID/DDNOS becomes more integrated, a self bias effect is
recovered – akin to that experienced by individuals without symptoms of
trauma-generated dissociation. This finding provides preliminary, empiri-
cally-derived evidence in support of the current expert-consensus treatment
recommendations regarding identity integration as the therapeutic goal for
patients with DID (International Society for the Study of Trauma and
Dissociation, 2011; Kluft, 1986, 1993b).

Note

1. Our use of the term integration is not to be confused with the use of the term
“cognitive integration” proposed by Menary (2007), in which he describes
a theoretical framework by which cognitive tasks are accomplished by integrated,
dynamical interactions of neural, bodily, and environmental processes.

Authorship

LAML, JDW, SW, KJR and MLK developed the study concept and design. LAML, JDW, CEB,
and SBH performed data collection. MLK and SW performed diagnostic interviews. LAML,
JDW, and SBH performed the data analysis and interpretation under the supervision of MLK
and KJR. LAML drafted the paper, and all authors provided critical revisions. All authors
approved the final version of the paper for submission.

Acknowledgments

We would like to thank the participants for making this research possible; Jaime Pollack,
Founder of an Infinite Mind and the Infinite Mind staff; Scott Rauch, MD and Dan Dillon,
PhD for discussion and feedback; Isabella Kahhale, BS for data collection assistance.

Funding

The work was supported by National Institute of Mental Health (NIMH) grant
R21MH112956 to KJR and MLK, and NIMH fellowship grant F32MH109274 to LAML, the
Anonymous Women’s Health Fund to MLK, the O’Keefe Family Foundation to MLK, the
Trauma Scholars Fund to MLK, and the Frazier Foundation Grant for Mood and Anxiety
Research to KJR.

20 L. A. M. LEBOIS ET AL.



Conflict of Interest

The authors declared no conflicts of interest with respect to the authorship or the publication
of this article.

Clinical Trial Registration

NCT02757339 Evaluating the Neurobiological Basis of Traumatic Dissociation in Women
With Histories of Abuse and Neglect

ORCID

Lauren A. M. Lebois http://orcid.org/0000-0001-5816-9181

References

Adler, J., Schabinger, N., Michal, M., Beutel, M. E., & Gillmeister, H. (2016). Is that me in the
mirror? Depersonalisation modulates tactile mirroring mechanisms. Neuropsychologia, 85,
148–158. doi:10.1016/j.neuropsychologia.2016.03.009

Admon, R., Milad, M. R., & Hendler, T. (2013). A causal model of post-traumatic stress
disorder: Disentangling predisposed from acquired neural abnormalities. Trends in
Cognitive Sciences, 17(7), 337–347. doi:10.1016/j.tics.2013.05.005

Anderson, E., Siegel, E. H., & Barrett, L. F. (2011). What you feel influences what you see: The
role of affective feelings in resolving binocular rivalry. Journal of Experimental Social
Psychology, 47(4), 856–860. doi:10.1016/j.jesp.2011.02.009

Baayen, R. H., Davidson, D. J., & Bates, D. M. (2008). Mixed-effects modeling with crossed
random effects for subjects and items. Journal of Memory and Language, 59(4), 390–412.
doi:10.1016/j.jml.2007.12.005

Barlow, M. R., & Chu, J. A. (2014). Measuring fragmentation in dissociative identity disorder:
The integration measure and relationship to switching and time in therapy. European
journal of psychotraumatology, 5(1), 22250. doi:10.3402/ejpt.v5.22250

Barrett, L. F. (2017). The theory of constructed emotion: An active inference account of
interoception and categorization. Social Cognitive and Affective Neuroscience, 12(11), 1833.
doi:10.1093/scan/nsx060

Barrett, L. F., & Simmons, W. K. (2015). Interoceptive predictions in the brain. Nature
Reviews. Neuroscience, 16(7), 419–429. doi:10.1038/nrn3950

Barrett, L. F., Wilson-Mendenhall, C. D., & Barsalou, L. W. (2014). The conceptual act theory:
A road map. In L. Feldman Barrett & J. A. Russell (Eds.), The psychological construction of
emotion (pp. 83–110). New York, NY: Guilford Press. Retrieved from http://eprints.gla.ac.
uk/112258/

Barsalou, L. W. (2008). Grounded cognition. Annual Review of Psychology, 59, 617–645.
doi:10.1146/annurev.psych.59.103006.093639

Barsalou, L. W. (2009). Simulation, situated conceptualization, and prediction. Philosophical
transactions of the royal society of London. Series B, Biological Sciences, 364(1521),
1281–1289. doi:10.1098/rstb.2008.0319

Beilharz, F., Castle, D. J., Grace, S., & Rossell, S. L. (2017). A systematic review of visual
processing and associated treatments in body dysmorphic disorder. Acta Psychiatrica
Scandinavica, 136(1), 16–36. doi:10.1111/acps.12705

JOURNAL OF TRAUMA & DISSOCIATION 21

https://doi.org/10.1016/j.neuropsychologia.2016.03.009
https://doi.org/10.1016/j.tics.2013.05.005
https://doi.org/10.1016/j.jesp.2011.02.009
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.3402/ejpt.v5.22250
https://doi.org/10.1093/scan/nsx060
https://doi.org/10.1038/nrn3950
http://eprints.gla.ac.uk/112258/
http://eprints.gla.ac.uk/112258/
https://doi.org/10.1146/annurev.psych.59.103006.093639
https://doi.org/10.1098/rstb.2008.0319
https://doi.org/10.1111/acps.12705


Bernstein, E. M., & Putnam, F. W. (1986). Development, reliability, and validity of
a dissociation scale. The Journal of Nervous and Mental Disease, 174(12), 727–735.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/3783140

Brand, B., & Loewenstein, R. J. (2010). Dissociative disorders: An overview of assessment,
phenomenology, and treatment. The Psychiatric Times, 27(10), 62–69.

Breitmeyer, B. G., & Ogmen, H. (2000). Recent models and findings in visual backward
masking: A comparison, review, and update. Perception & Psychophysics, 62(8), 1572–1595.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/11140180

Brenner, I. (2001). Dissociation of trauma: Theory, phenomenology, and technique. Madison,
CT: International Universities Press, Inc.

Brenner, I. (2004). Psychic trauma: Dynamics, symptoms, and treatment. USA: Jason Aronson.
Briere, J. (2002). Multiscale Dissociation Inventory. Odessa, Florida: Psychological Assessment

Resources.
Bruyer, R. (1991). Covert face recognition in prosopagnosia: A review. Brain and Cognition,

15(2), 223–235. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/2043365
Calverley, R. M., Fischer, K. W., & Ayoub, C. (1994). Complex splitting of self-representations

in sexually abused adolescent girls. Development and Psychopathology, 6(01), 195–213.
Retrieved from http://journals.cambridge.org/article_S0954579400005952

Carlson, E. B., & Putnam, F.W. (1993).An update on the dissociative experiences scale. Dissociation:
Progress in the Dissociative Disorders. Retrieved from http://psycnet.apa.org/psycinfo/1994-
27927-001

Chen, P. H. A., Whalen, P. J., Freeman, J. B., Taylor, J. M., & Heatherton, T. F. (2015). Brain
reward activity to masked in-group smiling faces predicts friendship development. Social
Psychological and Personality Science, 8(4), 415–421. doi:10.1177/1948550614566093

Clark, A. (2013). Whatever next? Predictive brains, situated agents, and the future of
cognitive science. The Behavioral and Brain Sciences, 36(3), 181–204. doi:10.1017/
S0140525X12000477

Dalenberg, C. J., Brand, B. L., Gleaves, D. H., Dorahy, M. J., Loewenstein, R. J.,
Cardeña, E., … Spiegel, D. (2012). Evaluation of the evidence for the trauma and fantasy
models of dissociation. Psychological Bulletin, 138(3), 550–588. doi:10.1037/a0027447

Dell, P. F. (2006a). A new model of dissociative identity disorder. The Psychiatric Clinics of
North America, 29(1), 1–26, vii. doi:10.1016/j.psc.2005.10.013

Dell, P. F. (2006b). The multidimensional inventory of dissociation (MID): A comprehensive
measure of pathological dissociation. Journal of Trauma & Dissociation, 7(2), 77–106.
doi:10.1300/J229v07n02_06

Dell, P. F. (2009). The phenomena of pathological dissociation. In P. F. Dell & J. A. O’Neil
(Eds.), Dissociation and the dissociative disorders: DSM-V and beyond (pp. 225–237).
New York, NY: Routledge.

Dorahy, M. J., Middleton, W., Seager, L., McGurrin, P., Williams, M., & Chambers, R. (2015).
Dissociation, shame, complex PTSD, child maltreatment and intimate relationship
self-concept in dissociative disorder, chronic PTSD and mixed psychiatric groups.
Journal of Affective Disorders, 172, 195–203. doi:10.1016/j.jad.2014.10.008

Ellason, J. W., & Ross, C. A. (1997). Two-year follow-up of inpatients with dissociative identity
disorder. The American Journal of Psychiatry, 154(6), 832–839. doi:10.1176/ajp.154.6.832

Finch, J. F., & Cialdini, R. B. (1989). Another indirect tactic of (self-) image management:
Boosting. Personality & Social Psychology Bulletin, 15(2), 222–232. Retrieved from http://
journals.sagepub.com/doi/abs/10.1177/0146167289152009

Geng, H., Zhang, S., Li, Q., Tao, R., & Xu, S. (2012). Dissociations of subliminal and
supraliminal self-face from other-face processing: Behavioral and ERP evidence.
Neuropsychologia, 50(12), 2933–2942. doi:10.1016/j.neuropsychologia.2012.07.040

22 L. A. M. LEBOIS ET AL.

https://www.ncbi.nlm.nih.gov/pubmed/3783140
https://www.ncbi.nlm.nih.gov/pubmed/11140180
https://www.ncbi.nlm.nih.gov/pubmed/2043365
http://journals.cambridge.org/article_S0954579400005952
http://psycnet.apa.org/psycinfo/1994-27927-001
http://psycnet.apa.org/psycinfo/1994-27927-001
https://doi.org/10.1177/1948550614566093
https://doi.org/10.1017/S0140525X12000477
https://doi.org/10.1017/S0140525X12000477
https://doi.org/10.1037/a0027447
https://doi.org/10.1016/j.psc.2005.10.013
https://doi.org/10.1300/J229v07n02_06
https://doi.org/10.1016/j.jad.2014.10.008
https://doi.org/10.1176/ajp.154.6.832
http://journals.sagepub.com/doi/abs/10.1177/0146167289152009
http://journals.sagepub.com/doi/abs/10.1177/0146167289152009
https://doi.org/10.1016/j.neuropsychologia.2012.07.040


Greaves, G. B. (1989). Precursors of integration in the treatment of multiple personality
disorder: Clinical reflections. Dissociation: Progress in the Dissociative Disorders.
Retrieved from http://psycnet.apa.org/psycinfo/1991-25030-001

Harter, S. (2015). The construction of the self, second edition: Developmental and sociocultural
foundations. New York, NY: Guilford Publications.

Heck, R. H., Thomas, S. L., & Tabata, L. N. (2014). Examining individual change with
repeated measures data (2nd edn.). Multilevel and Longitudinal Modeling with IBM SPSS,
167–238.New York, NY: Routledge.

Humphreys, G. W., & Sui, J. (2015). The salient self: Social saliency effects based on self-bias.
Journal of Cognitive Psychology, 27(2), 129–140. doi:10.1080/20445911.2014.996156

International Society for the Study of Trauma and Dissociation. (2011). Guidelines for
treating dissociative identity disorder in adults, third revision. Journal of Trauma &
Dissociation, 12(2), 115–187. doi:10.1080/15299732.2011.537247

Jiang, Y., Costello, P., Fang, F., Huang, M., & He, S. (2006). A gender- and sexual
orientation-dependent spatial attentional effect of invisible images. Proceedings of the
National Academy of Sciences of the United States of America, 103(45), 17048–17052.
doi:10.1073/pnas.0605678103

Johnson, M. (1986). The initial letter effect: ego-attachment or mere exposure? (Doctoral
dissertation). The Ohio State University.

Judd, C. M., Westfall, J., & Kenny, D. A. (2012). Treating stimuli as a random factor in social
psychology: A new and comprehensive solution to a pervasive but largely ignored problem.
Journal of Personality and Social Psychology, 103(1), 54–69. doi:10.1037/a0028347

Kahneman, D., Knetsch, J. L., & Thaler, R. H. (1990). Experimental tests of the endowment
effect and the coase theorem. The Journal of Political Economy, 98(6), 1325–1348.
doi:10.1086/261737

Kluft, R. P. (1984). Treatment of multiple personality disorder. A study of 33 cases. The
Psychiatric Clinics of North America, 7(1), 9–29. Retrieved from https://www.ncbi.nlm.nih.
gov/pubmed/6718271

Kluft, R. P. (1986). Personality unification in multiple personality disorder: A follow-up
study. Treatment of Multiple Personality Disorder, ed. BG Braun, 29–60.Washington,
DC: American Psychiatric Press.

Kluft, R. P. (1993a). Clinical approaches to the integration of personalities. In R. P. Kluft & C.
G. Fine (Eds.), Clinical perspectives on the treatment of multiple personality disorder (pp.
101-133). Washington, DC: American Psychiatric Press.

Kluft, R. P. (1993b). The initial stages of psychotherapy in the treatment of multiple personality
disorder patients. Dissociation: Progress in the Dissociative Disorders. Retrieved from
http://psycnet.apa.org/record/1995-10404-001

Lebois, L. A. M., Wilson-Mendenhall, C. D., Simmons, W. K., Barrett, L. F., &
Barsalou, L. W. (2018). Learning situated emotions. Neuropsychologia. doi:10.1016/j.
neuropsychologia.2018.01.008

Loewenstein, R. J. (1991). An office mental status examination for complex chronic dissocia-
tive symptoms and multiple personality disorder. The Psychiatric Clinics of North America,
14(3), 567–604. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/1946025

Ma, Y., & Han, S. (2010). Why we respond faster to the self than to others? An implicit positive
association theory of self-advantage during implicit face recognition. Journal of Experimental
Psychology. Human Perception and Performance, 36(3), 619–633. doi:10.1037/a0015797

Menary, R. (2007). Cognitive integration: Mind and cognition unbounded. London, UK:
Palgrave Macmillan.

JOURNAL OF TRAUMA & DISSOCIATION 23

http://psycnet.apa.org/psycinfo/1991-25030-001
https://doi.org/10.1080/20445911.2014.996156
https://doi.org/10.1080/15299732.2011.537247
https://doi.org/10.1073/pnas.0605678103
https://doi.org/10.1037/a0028347
https://doi.org/10.1086/261737
https://www.ncbi.nlm.nih.gov/pubmed/6718271
https://www.ncbi.nlm.nih.gov/pubmed/6718271
http://psycnet.apa.org/record/1995-10404-001
https://doi.org/10.1016/j.neuropsychologia.2018.01.008
https://doi.org/10.1016/j.neuropsychologia.2018.01.008
https://www.ncbi.nlm.nih.gov/pubmed/1946025
https://doi.org/10.1037/a0015797


Meyer-Lindenberg, A., & Weinberger, D. R. (2006). Intermediate phenotypes and genetic
mechanisms of psychiatric disorders. Nature Reviews. Neuroscience, 7(10), 818–827.
doi:10.1038/nrn1993

Moody, T. D., Sasaki, M. A., Bohon, C., Strober, M. A., Bookheimer, S. Y., Sheen, C. L., &
Feusner, J. D. (2015). Functional connectivity for face processing in individuals with body
dysmorphic disorder and anorexia nervosa. Psychological Medicine, 45(16), 3491–3503.
doi:10.1017/S0033291715001397

Niedenthal, P. M., Barsalou, L. W., Winkielman, P., Krauth-Gruber, S., & Ric, F. (2005).
Embodiment in attitudes, social perception, and emotion. Personality and Social Psychology
Review, 9(3), 184–211. doi:10.1207/s15327957pspr0903_1

Panichello, M. F., Cheung, O. S., & Bar, M. (2012). Predictive feedback and conscious visual
experience. Frontiers in Psychology, 3(620). doi:10.3389/fpsyg.2012.00620

Pohlack, S. T., Nees, F., Ruttorf, M., Cacciaglia, R., Winkelmann, T., Schad, L. R., … Flor, H.
(2015). Neural mechanism of a sex-specific risk variant for posttraumatic stress disorder in
the type i receptor of the pituitary adenylate cyclase activating polypeptide. Biological
Psychiatry, 78(12), 840–847. doi:10.1016/j.biopsych.2014.12.018

Putnam, F. W. (1997). Dissociation in children and adolescents: A developmental model.
New York, NY: Guilford.

Reinders, A. A. T. S., Nijenhuis, E. R. S., Paans, A. M. J., Korf, J., Willemsen, A. T. M., & Den
Boer, J. A. (2003). One brain, two selves. NeuroImage, 20(4), 2119–2125. doi:10.1016/
S1053-8119(03)00515-9

Reinders, A. A. T. S., Nijenhuis, E. R. S., Quak, J., Korf, J., Haaksma, J., Paans, A. M. J., …
Den Boer, J. A. (2006). Psychobiological characteristics of dissociative identity disorder:
A symptom provocation study. Biological Psychiatry, 60(7), 730–740. doi:10.1016/j.
biopsych.2005.12.019

Rochat, P. (2003). Five levels of self-awareness as they unfold early in life. Consciousness and
Cognition, 12(4), 717–731. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/14656513

Schlumpf, Y. R., Reinders, A. A. T. S., Nijenhuis, E. R. S., Luechinger, R., Van Osch, M. J. P.,
& Jäncke, L. (2014). Dissociative part-dependent resting-state activity in dissociative
identity disorder: A controlled FMRI perfusion study. PloS One, 9(6), e98795.
doi:10.1371/journal.pone.0098795

Schneider-Rosen, K., & Cicchetti, D. (1991). Early self-knowledge and emotional development:
Visual self-recognition and affective reactions to mirror self-images in maltreated and
non-maltreated toddlers. Developmental Psychology, 27(3), 471. doi:10.1037/0012-1649.27.3.471

Simmons, W. K., Martin, A., & Barsalou, L. W. (2005). Pictures of appetizing foods
activate gustatory cortices for taste and reward. Cerebral Cortex, 15(10), 1602–1608.
doi:10.1093/cercor/bhi038

Snijders, T., & Bosker, R. J. (2012). Multilevel analysis: An introduction to basic and advanced
multilevel modelling (2nd ed.). London, UK: Sage.

Spiegel, D. (2006). Recognizing traumatic dissociation. The American Journal of Psychiatry,
163(4), 566–568. doi:10.1176/appi.ajp.163.4.566

Spielberger, C. D., Gorsuch, R. L., Lushene, R. E., & Vagg, P. R. (2010). State-trait anxiety
inventory (STAI). BiB, 1970, 180.

Steinberg, M., Cicchetti, D., Buchanan, J., & Hall, P. (1993). Clinical assessment of dissociative
symptoms and disorders: The Structured Clinical Interview for DSM-IV Dissociative
Disorders (SCID-D). Dissociation: Progress in the Dissociative Disorders. Retrieved from
http://psycnet.apa.org/psycinfo/1994-29796-001

Steinberg, M., & Schnall, M. (2010). The stranger in the mirror: The hidden epidemic. New
York: Harper Collins.

24 L. A. M. LEBOIS ET AL.

https://doi.org/10.1038/nrn1993
https://doi.org/10.1017/S0033291715001397
https://doi.org/10.1207/s15327957pspr0903_1
https://doi.org/10.3389/fpsyg.2012.00620
https://doi.org/10.1016/j.biopsych.2014.12.018
https://doi.org/10.1016/S1053-8119(03)00515-9
https://doi.org/10.1016/S1053-8119(03)00515-9
https://doi.org/10.1016/j.biopsych.2005.12.019
https://doi.org/10.1016/j.biopsych.2005.12.019
https://www.ncbi.nlm.nih.gov/pubmed/14656513
https://doi.org/10.1371/journal.pone.0098795
https://doi.org/10.1037/0012-1649.27.3.471
https://doi.org/10.1093/cercor/bhi038
https://doi.org/10.1176/appi.ajp.163.4.566
http://psycnet.apa.org/psycinfo/1994-29796-001


Sui, J., & Humphreys, G. W. (2015). The integrative self: How self-reference integrates perception
and memory. Trends in Cognitive Sciences, 19(12), 719–728. doi:10.1016/j.tics.2015.08.015

Sui, J., & Humphreys, G. W. (2016). The ubiquitous self: What the properties of self-bias tell
us about the self. Annals of the New York Academy of Sciences. doi:10.1111/nyas.13197

Sui, J., Liu, C. H., & Han, S. (2009). Cultural difference in neural mechanisms of
self-recognition. Social Neuroscience, 4(5), 402–411. doi:10.1080/17470910802674825

Sui, J., Ohrling, E., & Humphreys, G. W. (2016). Negative mood disrupts self- and
reward-biases in perceptual matching. Quarterly Journal of Experimental Psychology, 69
(7), 1438–1448. doi:10.1080/17470218.2015.1122069

Sui, J., Zhu, Y., & Han, S. (2006). Self-face recognition in attended and unattended condi-
tions: An event-related brain potential study. Neuroreport, 17(4), 423–427. doi:10.1097/01.
wnr.0000203357.65190.61

Sun, Y., Fuentes, L. J., Humphreys, G. W., & Sui, J. (2016). Try to see it my way: Embodied
perspective enhances self and friend-biases in perceptual matching. Cognition, 153,
108–117. doi:10.1016/j.cognition.2016.04.015

Symons, C. S., & Johnson, B. T. (1997). The self-reference effect in memory: A meta-analysis.
Psychological Bulletin, 121(3), 371–394. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/9136641

Toth, S. L., Cicchetti, D., Macfie, J., Maughan, A., & VanMeenen, K. (2000). Narrative
representations of caregivers and self in maltreated pre-schoolers. Attachment & Human
Development, 2(3), 271–305. doi:10.1080/14616730010000849

Van derHart, O., Nijenhuis, E. R. S., & Steele, K. (2006).The haunted self: Structural dissociation and
the treatment of chronic traumatization. New York, NY: W. W. Norton & Company.

Vetter, P., & Newen, A. (2014). Varieties of cognitive penetration in visual perception.
Consciousness and Cognition, 27, 62–75. doi:10.1016/j.concog.2014.04.007

Weathers, F. W., Litz, B. T., Keane, T. M., Palmieri, P. A., Marx, B. P., & Schnurr, P. P.
(2013). The PTSD Checklist for DSM-5 (PCL-5). Scale available from the National Center
for PTSD at www.ptsd.va.gov.

Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., & Jenike, M. A. (1998).
Masked presentations of emotional facial expressions modulate amygdala activity without
explicit knowledge. The Journal of Neuroscience, 18(1), 411–418. Retrieved from http://
www.ncbi.nlm.nih.gov/pubmed/9412517

Wilson-Mendenhall, C. D. (2017). Constructing emotion through simulation. Current
Opinion in Psychology, 17, 189–194. doi:10.1016/j.copsyc.2017.07.015

Young, A. W., & Brédart, S. (2004). Self-recognition in everyday life. Cognitive
Neuropsychiatry, 9(3), 183–197. doi:10.1080/13546800344000075

JOURNAL OF TRAUMA & DISSOCIATION 25

https://doi.org/10.1016/j.tics.2015.08.015
https://doi.org/10.1111/nyas.13197
https://doi.org/10.1080/17470910802674825
https://doi.org/10.1080/17470218.2015.1122069
https://doi.org/10.1097/01.wnr.0000203357.65190.61
https://doi.org/10.1097/01.wnr.0000203357.65190.61
https://doi.org/10.1016/j.cognition.2016.04.015
https://www.ncbi.nlm.nih.gov/pubmed/9136641
https://www.ncbi.nlm.nih.gov/pubmed/9136641
https://doi.org/10.1080/14616730010000849
https://doi.org/10.1016/j.concog.2014.04.007
http://www.ptsd.va.gov
http://www.ncbi.nlm.nih.gov/pubmed/9412517
http://www.ncbi.nlm.nih.gov/pubmed/9412517
https://doi.org/10.1016/j.copsyc.2017.07.015
https://doi.org/10.1080/13546800344000075

	Abstract
	Testing visual self-recognition through the self bias effect
	Potential disruptions in the self bias effect for individuals with DID
	Recovery from DID could influence self bias effects
	Experiment overview

	Method
	Participants
	Design
	Materials and measures
	Procedure
	Data analysis

	Results
	Predicting familiarity ratings with LMER modeling
	Evaluating the relationship between identity state integration and the self familiarity bias

	Discussion
	Covertly processed self and famous faces produce abias in familiarity ratings for controls
	Individuals with DID/DDNOS fail to display aself bias, but identity state integration is associated with arecovered self bias
	Limitations and future directions
	Clinical meaning and implications

	Note
	Authorship
	Acknowledgments
	Funding
	Conflict of Interest
	Clinical Trial Registration
	References

