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OEEF N E1To72. OPTA i 2 EmE S L
L, WMS-R OIRIEFAE L iEEHES, BADS, FAB,
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MNLZEE L LT, DAl B & TBI B CENEER
e T 24T o TR R, il TlX BADS (B=-0.67,
F=11.69, p<.01), %% TiL BADS (p=-0.36, p<.05)
& FAB (B=-0.36, p<.05) # &I ET /MIZL ST,
PTA IO E S A EICHA S N7z (F=13.68). @
WMS-R DBIERHAE L EEET, BADS, FAB, &
B2 AEAETERECHL AFRRET =y U R
b (F#ERR), X VWHODAS ZMsrZE¥ & 45

HEF o 21T o 72 #6558, DAl B Tl BADS
(B=-0.41, p<.05) & WHODAS (B=0.57, p<.01) %
G T LA (F=15.95), TBI B CiX BADS (B=-0.36,
p<.05) & FAB (B=-0.36, p<.05) & &ieE T /L
(F=13.68) 73, PTA Hill o E S 2 A EICTHIL7-.
RS, DAl O e LT, RIEHIEMKIEDIK T
(2%, WHODAS @ X 5 7 FHEIZ L 0 3l S 45
FRINTL B E NS EOREEDS PTA #2325
ZEARENTZ. DAl T, PTA BN EWIE S,
H & ORI 2 Y2 =% — Uil D RE DMK
TLY2DZENEZLNZ. A%, Bl DT %

EDDLTETHD,

E. #EwRBIOSsgoRBE

AAERE L SEBIEIC OV T, %P0 TE L
0% EENTE 2, IMEMENIRE OIEFIER
XHLBRELM T TCERLLED, 4%, MEf
Zate, ORBIZHOWT S, JER O ERE &
DHLTETH D,
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+ Community Integration Questionnaire:
CIQ
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+ General Self - Efficacy Scale: GSES

+ General Self - Efficacy:GSE

* Zarit S AR

+ Frontal Systems Behavior Scale: FrSBe
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+ Wechsler Adult Intelligence Scale-Third
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RBMT

+ Trail Making Test:: TMT - A, TMT - B
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@ FAL Sri# A RED Zarit M#EAHAR
B RIPRBERERERRAT (77X — - BLpnl -
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TWFRHERE O MRE & b WIHIFE M2 5 3
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B AR ol

T ZERE T ZERE
EMC (AR A) 19.17+84 18.23+6.78 0.93
EMC (R1&) 13.97+6.22 14.26+8.01 0.105
clQ 13.03+8.19 13.13+4.82 0.79
T A FAI 21.38+8.19 21.41+9.09 0873
GSES 6.13+3.91 759347 | * *0.001
GSE 71.74+11.58 76.77+14.88 *0.027
Zarit TERIBRE 34.24+14.87 34.44+16.61 0.169
FrSBe (& A) 68.41+10.88 67.94+7.42 0.636
FrSBe (Rik) 75.73+17.02 74941534 0.922

WA 3nA%k
B K pfE

T HEERE THEERE
EMC (AR A) 15.33+8.17 14.82+7.15 0.549
EMC (R1&) 16.89+12.03 16.7+16.26 0.584
clQ 13.56+4.95 13.31+427 0.494
FHE | FAI 20.28+829 21.26+9.187 0.137
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Zarit TERIBRE 30.92+24.52 30.03+11.31 0.556
FrSBe(AA) 71.02+10.2 69.68+8.82 0.092
FrSBe (Rik) 72.93+11.1 71.66+9.15 0.364
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TMT-A 134.18+69.98 136.56+54.5 -0.348 0.73
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ABSTRACT

Objective: Facial emotion recognition impairment has been well documented in patients with traumatic
brain injury. Studies exploring the neural substrates involved in such deficits have implicated specific grey
matter structures (e.g. orbitofrontal regions), as well as diffuse white matter damage. Our study aims to
clarify whether different types of injuries (i.e. focal vs. diffuse) will lead to different types of impairments on
facial emotion recognition tasks, as no study has directly compared these patients. Methods: The present
study examined performance and response patterns on a facial emotion recognition task in 14 participants
with diffuse axonal injury (DAI), 14 with focal injury (FI) and 22 healthy controls.Results: We found that,
overall, participants with Fl and DAI performed more poorly than controls on the facial emotion recognition
task. Further, we observed comparable emotion recognition performance in participants with Fl and DAI,
despite differences in the nature and distribution of their lesions. However, the rating response pattern
between the patient groups was different. Conclusion: This is the first study to show that pure DAI, without
gross focal lesions, can independently lead to facial emotion recognition deficits and that rating patterns
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differ depending on the type and location of trauma.

Introduction

Emotion perception is the ability of an individual to infer the
emotions of others using body language, facial expressions
and context. This ability is crucial in a social setting, as
improper interpretation of emotional cues typically leads to
lower social competence [1,2]. Since emotions are complex in
nature, much of our interpretation of the emotions of others
is derived from analysing a combination of non-verbal cues
and features. Amongst these cues, facial expressions are per-
haps the most distinct representations of human emotion [3-
7], and we tend to primarily read and analyse faces to assess
the emotional state of others.

Impaired emotion recognition has been reported as a fea-
ture of several psychiatric disorders, such as schizophrenia [8-
11] and autism [12-15], and contributes significantly to the
social impairments associated with these disorders. In addi-
tion, emotion recognition deficits can also be induced by
traumatic brain injury (TBI). An abundance of studies have
demonstrated that patients with TBI are likely to be impaired
in terms of their ability to correctly recognize emotional facial
expressions [7,16-23]. One particular meta-analysis, which
assessed 296 participants with TBI, reported that 39% of the
study population had significant difficulties in recognizing
emotional facial expressions. The mean recognition ability
across all patients was 1.1 standard deviations lower than
that of healthy controls [24].

Emotion recognition impairments in patients with TBI are
diverse and not consistent across all emotions. Studies have

shown that patients with TBI encounter more difficulty when
rating the extent to which faces show negative emotions (fear,
sadness, disgust and anger) compared with positive emotions
(happiness and surprise) [20,25-28]. There is also consider-
able variability in the degree of impairment reflected by emo-
tion recognition task performance in individuals with TBI,
with some patients performing much worse than others [29].
Patients with TBI who have emotion recognition dysfunction,
especially those who are unable to successfully interpret emo-
tional facial expressions, may present with behavioural pro-
blems, have decreased interpersonal skills, and find it more
difficult to reintegrate into society [7,21,30].

Most studies investigating changes in emotion recognition
following TBI have examined participants with focal injuries
in an attempt to identify the damaged brain areas linked to
specific deficits. These studies have implicated several brain
regions [31,32], in particular the frontal lobe [31], which is the
most common area of injury following TBI. Damage to the
frontal lobes is associated with poor performance in facial
emotion identification tasks, which we previously found to
be due to a liberal cognitive bias (i.e., tendency to endorse an
emotion label as matching a facial expression, regardless of
whether the label is correct) [17]. This bias may result from
impairments in decision-making abilities associated with ven-
tromedial prefrontal damage [33] or with deficits in cognitive
flexibility in frontal TBI [34].

Fewer studies have explored how emotion recognition
impairment may develop following diffuse axonal injury
(DAI) without gross focal lesion. DAI is a type of a brain
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injury in which widespread damage to white matter tracts
result from sudden physical acceleration, deceleration or rota-
tional forces that shear the connections between grey and
white matter junctions with a typical damage area of less
than 15 mm [35]. It has been suggested that white matter
disruption can lead to emotion recognition deficits [36].
Green et al. [26] found that dispersed white matter injury in
the right posterior hemisphere, in the absence of any gross
focal lesion in this region, is sufficient to cause facial emotion
recognition deficits. Subsequent studies in which diffusion
tensor imaging was used to examine white matter integrity
following TBI have additionally demonstrated the specific
involvement of the right inferior fronto-occipital fasciculus
(IFOF) and the right inferior longitudinal fasciculus (ILF) in
emotion recognition deficits in patients with brain injury
[37,38]. These tracts appear to be involved in emotion recog-
nition (e.g. matching an emotional label to a face) as well as
emotion discrimination (e.g. deciding whether two faces are
showing the same emotion) [37,38]. However, studies inves-
tigating the relationship between white matter damage and
emotion recognition generally involved a DAI patient popula-
tion with some degree of gross focal injury [26,37].

To the best of our knowledge, no studies have yet investi-
gated facial emotion recognition in patients with pure DAI
and compared their performance to those with focal injury. A
direct comparison of these groups would yield important
information, both theoretically and clinically. First, such a
study would make it possible to tease apart the contributions
of focal and diffuse brain injuries to facial emotion recogni-
tion deficits, and provide additional knowledge on the neuro-
logical basis of this facial emotion recognition. From an
applied perspective, determining how emotion recognition is
affected by focal and diffuse injuries will guide assessment and
treatment approaches, which may need to be tailored to the
type of lesion.

Our specific objectives in the present study were twofold.
First, we aimed to assess facial emotion recognition in parti-
cipants with DAI, who have widespread white matter injury
with no gross focal lesions, and compare their performance to
participants with focal frontal-lobe injury and healthy con-
trols. Participants with lesions less than 10 mm” in size were
considered to have pure DAI. We hypothesized that both
participants with DAI and FI would show impaired perfor-
mance compared to healthy controls, and that our FI group,
due to their clinical presentation, lesion size and location,
would be relatively more impaired on this task than those
with DAI [39,40]. Our second objective was to determine the
behavioural response patterns underlying facial emotion
recognition performance in each group. We have previously
shown that deficits in participants with frontal-lobe FI are due
to their tendency to select disproportionately strong emotion
intensity ratings for emotional faces, regardless of whether the
label is correct; we have coined the term ‘liberal bias’ to refer
to this effect [17]. We aimed to see whether this response style
also underlies facial emotion recognition in DAI. Because
lesions in patients with DAI are by definition diffuse (i.e.
not localized), we expected no liberal response bias in this

group.

Materials and Methods
Participants

Twenty-eight participants with TBI (14 with frontal FI and 14
with DAI) and 22 healthy control (HC) subjects were
included in this study (Table I). Data from the FI and HC
participants were collected as part of a previous study and
reported in a prior publication [17]; these data were reana-
lysed here in statistical comparisons with DAI participants.
Physicians with expertise in brain injury used magnetic reso-
nance imaging (MRI) data to identify the location of FI and
make the diagnosis. The FI lesions were manually drawn, with
the highest overlap of lesion maps in the ventromedial orbi-
tofrontal cortex. This group had no focal damage to any other
part of the brain, except for two participants who had minor
lesions to the right anterior temporal lobe. Patients with DAI
were diagnosed based on computed tomography in the early
presentation of trauma, and high-contrast fluid-attenuated
inversion recovery and susceptibility-weighted imaging
(SWI) MRI scans in a more chronic stage. Diagnosis was
made by consensus between two expert neuropsychiatrists
(UK, TM) using the following criteria: presence of spotty
haemorrhages in the brain parenchyma; absence of gross
focal lesions (<10 mm®); injury sustained through significant
trauma; and loss of consciousness at the time of injury [41]. It
should be noted that focal injuries are inevitably associated
with additional diffuse white matter disruption. A more
detailed description of the participants with FI can be found
in our previous study [17]. Post-traumatic amnesia (PTA) was
assessed on the grounds that it serves as a marker of injury
severity in TBI, similar to severity and duration of loss of
consciousness at onset (Table II).

Table I. Participant characteristics.

DAI(n=14) Fl(n=14) HC(n=22) F() p
Sex (M/F) 11/3 10/4 11/1 3.008 0.222
Age (years) 34.8 (13.7) 38.0 (12.9) 40.0 (7.7) 0.936 0.399
Education (years) 13 (4.1) 13.9 (2.7) 135 (26) 0313 0.733
Verbal 1Q 89.1 (19)* 99.2 (17.7) 107.3 (15.4) 4.838 0.012
Performance 1Q 85.2 (19.5)*t 99.1 (16.8) 109.8 (14.1) 9.482 <0.001

Notes. Mean and standard deviation (SD) in parentheses.
M = male, F = female.

*p < 0.05 compared with HC.

tp < 0.05 compared with FI.

Table II. Characteristics of the patients with diffuse axonal injury.

Patient ID Time post injury® PTAP Cause of injury
Patient 1 84 60 Traffic accident
Patient 2 104 90 Traffic accident
Patient 3 262 40 Traffic accident
Patient 4 73 60 Traffic accident
Patient 5 146 60 Traffic accident
Patient 6 196 150 Traffic accident
Patient 7 132 75 Traffic accident
Patient 8 12 69 Traffic accident
Patient 9 27 18 Traffic accident
Patient 10 33 14 Traffic accident
Patient 11 166 60 Sports accident
Patient 12 138 30 Traffic accident
Patient 13 189 30 Fall

Patient 14 293 60 Traffic accident

*Time post-injury months.
bPost-traumatic amnesia (PTA) in days.



Exclusion criteria were a history of neurological disease,
psychiatric or serious medical illness, stroke, antipsychotic
medication use or substance abuse disorder. One FI male
patient had a history of somatization disorder and had
received medication, but this participant had sufficient social
ability to hold a regular occupation. All participants were
right-handed. Written informed consent was obtained after
a complete description of the study to the participants. The
Committee on Medical Ethics of Kyoto University approved
this study.

Although sample size was not pre-determined (but rather
based on recruitment rates at our clinic), we used G*Power
v.3.1.9.2 to retrospectively calculate sample size requirements
for a 3-group (HC, DAI and FI), 6-condition (happy, sad,
angry, fearful, surprised and disgusted) repeated-measures
design with a 5% error probability and 95% power, using a
25% non-sphericity correction. Results indicate that a total
sample size of 33 is adequate (i.e., 11 participants per group).

Neuropsychological assessments

All participants underwent neuropsychological assessment,
the methods of which are described in detail elsewhere [17].
Briefly, verbal (VIQ) and performance IQ (PIQ) were assessed
using the Wechsler Adult Intelligence Scale Revised/III
[42,43]. The participants also completed the Benton Facial
Recognition Test (BFRT) [44], in which they were required
to match 22 non-emotional human faces to a target face. This
step ensures that face recognition abilities are intact before
assessing facial emotion recognition abilities. BFRT scores
were categorized as Normal (score 41-54), Moderate (score
39-40), Borderline (score 37-38) and impaired (score <37).

Experimental task

Participants completed the Ekman task, a widely used and
validated tool in facial emotion expression research, in which
they were shown a series of 36 photographs of happy, sad,
angry, fearful, surprised and disgusted facial expressions [45].
The photographs were presented to each participant one at a
time in random order on a computer screen. The series
included six exemplars of each emotional expression. For
each photograph, the participants were asked to evaluate the
extent to which the face matched each of six emotional labels.
For instance, in one block, participants were asked to rate the
extent to which a happy face seemed happy, sad, angry, fear-
ful, surprised or disgusted. All 36 faces were rated on a scale
from 0 (not at all) to 5 (very much). As such, each of the 36
photographs was rated on all six affect scales.

Data analysis

We first compared the groups on socio-demographic and
cognitive variables using a multivariate analysis of variance
(ANOVA). Next, we performed a Pearson correlation
between patients’ raw scores for each of the 36 faces from
the experimental task and the average six ratings for the
same faces given by the control group. The scores from each
control participant were correlated with those of the
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remaining 21 controls, in order to obtain a measure of
how closely each control’s performance resembled that of
other controls while ensuring that the correlation is not
conflated by the inclusion of the participant’s own score
(which would pull the correlation closer to 1). This resulted
in 36 Pearson correlations per subject, which were then
Fisher z-transformed [46,47]; higher z’' values indicate a
stronger correlation with the scores of the control group
(i.e., closer to normal performance). Of the 36 z' values,
those for the six faces expressing the same emotion (e.g., six
happy faces) were then averaged, resulting in a total of six 2’
per participant (one for each facial expression). All analyses
included IQ as a covariate, since IQ is known to contribute
to emotion recognition performance [48,49]. In addition,
verbal IQ (VIQ) and performance IQ (PIQ) were also
found to be significantly different between DAI and FI
groups (see Results section). To assess overall facial emotion
recognition performance in all three groups, z' values for
each of the six facial expressions (happy, surprised, fearful,
disgusted, angry and sad) were compared between groups
using a 3 X 6 repeated-measures ANOVA followed by
planned pairwise between-group comparisons.

In order to test whether a Liberal Bias mediated task
performance, a composite Liberal Bias score was calculated
by averaging participants’ raw scores for all facial expressions.
This metric, originally developed by our group [17], is a
measure of the average rating attributed to each exemplar;
higher scores are indicative of a more liberal rating style (i.e.,
tendency to endorse labels closer to 5 = very much), regard-
less of accuracy. The Liberal Bias score was used as a hypothe-
sized mediator in bootstrapping analyses using 5000 bootstrap
samples and PIQ and VIQ as covariates. Bootstrapping is a
statistical technique, particularly useful in small samples, to
determine the accuracy of estimates (in this case, mediation
by Liberal Bias) using random resampling [50]. Bias-corrected
and accelerated confidence intervals (CIs) were used to deter-
mine significance (if zero was included in the interval, the
indirect effect was assumed to be null). Statistical analyses
were performed using SPSS v.22.0 software for Windows.
Statistical significance thresholds were set at p < 0.05, and
effect sizes are reported as 77,”.

Results
Participant characteristics

The participant characteristics are reported in detail in
Table I. All groups were statistically similar in terms of sex
distribution (XZ(Z) =3.008, p = 0.222, age (F(2,49) = 0.936, p =
0.399) and years of education (F(2,49) = 0.313, p = 0.733). The
members of the DAI, FI and HC groups included both males
and females. The cause of injury of participants with DAI was
due to traffic accident (12 cases), sports (1 case) and fall (1
case). The cause of injury in FI patients was traffic accident in
all cases. The time post injury as well as PTA for each
participant with DAI can be found in Table II; unfortunately,
these data were not systematically documented in FI partici-
pants. We performed subsequent analyses with verbal I1Q, and
performance IQ as covariates.
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Neuropsychological and clinical tasks

The groups differed on VIQ (F(2,49) = 4.838, p = 0.012) and
PIQ (F(2,49) = 9.482, p < 0.001). DAI participants had lower
mean VIQ scores than HC patients, and lower PIQ scores
than the FI and HC groups (Table I). The BFRT data showed
that, with the exception of one patient belonging to the DAI
group, all participants were able to normally process facial
features. Despite his BFRT score (score = 28), the patient in
question was able to perform comparably with the rest of the
DALI group on the facial emotion recognition task.

Experimental task results

Facial emotion recognition in DAI and FI

The task performance of each group is illustrated in Figure 1.
Analyses revealed a significant overall effect of Group (F(2,42) =
8.105, p = 0.001, 77,” = 0.278). Further inspection of the data
revealed that task performance for the FI (p = 0.019) and DAI
groups (p = 0.001) did not significantly differ (p = 0.488),
although the performance of both groups fell significantly
below that of the HC participants. We also found a main effect
of Emotion (F(5,210) = 4.482, p = 0.009, 11,” = 0.096), and noted
better overall performance on Happy trials compared with
Angry (p < 0.001), Disgusted (p < 0.001), Fearful (p < 0.001),
Sad (p < 0.001) and Surprised (p < 0.001) trials. Additionally,
performance on Fearful trials was poorer overall compared with
Angry (p = 0.016), Disgusted (p = 0.038), Sad (p < 0.001) and
Surprised (p = 0.017) trials. The Group x Emotion interaction
was not significant (F(10,210) = 0.882, p = 0.494, qu = 0.040).

Behavioural response patterns underlying task
performance

Bootstrapping results supported an indirect effect of Liberal
Bias on ratings of Anger (point estimate of —0.14, 95% BCa CI
[-0.39, —0.01]), Disgust (point estimate of —0.14, 95% BCa CI
[-0.40, —0.02]), Happiness (point estimate of —0.49, 95% BCa
CI [-1.13, —0.04]), Sadness (point estimate of —0.15, 95% BCa
CI [-0.41, —0.02]) and Surprise faces (point estimate of —0.27,

Jr

z' score
(8]

Fearful

Surprised

Happy

95% BCa [-0.59, —0.04]). The indirect effect was not signifi-
cant for Fear (point estimate of —0.02, 95% BCa CI [-0.12,
0.05]). In FI, results revealed an indirect effect of Liberal Bias
on ratings of Anger (point estimate of —0.12, 95% BCa ClI
[-0.39, —0.00]), Disgust (point estimate of —0.14, 95% BCa Cl
[-0.40, —0.00]), Sadness (point estimate of —0.17, 95% BCa Cl
[-0.39, —0.04]) and Surprise (point estimate of —0.27, 95%
BCa Cl [-0.64, —0.04]), but not for Fear (point estimate of
0.01, 95% BCa Cl [-0.10, 0.02]) or Happiness (point estimate
of —0.22, 95% BCa Cl [-0.67, 0.24]). In DAI, bootstrapping
analyses revealed no indirect effect on ratings of any emo-
tional label, with point estimates of —0.01 for ratings of Anger
(95% BCa Cl [-0.07, 0.03]), —0.01 for Disgusted (95% BCa Cl
[-0.07, 0.02]), 0.00 for Fear (95% BCa Cl [~0.03, 0.01]), —0.07
for Happiness (95% BCa Cl [-0.12, 0.31]), —0.05 for Sadness
(95% BCa Cl [-0.17, 0.01]) and —0.07 for Surprise (95% BCa
Cl [-0.22, 0.02]).

Considering that liberal responding was not mediating
impaired task performance in DAI participants, data were visually
inspected to see if another pattern of responding could better
explain this group’s performance. It was noted that DAI partici-
pants tended to give strong, incorrect ratings to most faces,
following no obvious pattern (i.e., rated surprised and disgusted
faces as sad; angry, sad and disgusted faces as surprised; angry and
disgusted faces as fearful; sad, surprised and fearful faces as angry;
fearful, sad and surprised faces as disgusted). Interestingly, they
additionally failed to endorse correct emotional labels for most
faces (e.g., low ‘happiness’ ratings given to happy faces; Figure 2).

Discussion

In the present study, we compared facial emotion recognition
in participants with DAI, frontal lobe FI and HC subjects. We
first hypothesized that, compared to HCs, DAI and FI parti-
cipants would show impaired performance on a facial emo-
tion recognition task and second, that participants with FI
would exhibit a relatively higher degree of impairment.
Further, we expected no liberal pattern of response ratings
in DAL

ODAI

OHC

Disgusted Angry Sad

Facial expression

Figure 1. Emotion recognition performance in subjects with focal and diffuse axonal injury compared with healthy controls. Mean (standard error) z' scores for each
group on the Ekman task. Notes. Higher z' values indicate a stronger correlation with the scores of the control group (i.e., closer to normal performance). *p < .05

compared to HC.
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Figure 2. Average ratings given to correct and incorrect labels matching emo-
tional faces in the experimental task, on a scale from 0 (not at all matching) to 5
(very much matching). Notes. Correct labels (e.g. ‘Happy’ label for a smiling face)
should be rated near 5 (very much matching), while incorrect labels (e.g. ‘Sad’
label for a smiling face) should be rated near 0 (not at all matching). Error bars
indicate standard error.

Facial emotion recognition in DAI and FI

Consistent with our first hypothesis, our results indicated that
participants with focal and diffuse axonal injuries were
impaired relative to controls in identifying emotional facial
expressions. However, in contrast to our second hypothesis,
overall task performance was comparable between these two
patient groups. Our initial hypotheses were based on the fact
that the frontal lobes are known to play a critical role in facial
emotion recognition [39] and, as such, specific focal injury to
this area was expected to lead to the most severe deficits.
Rather, our results point to similarly severe deficits following
disruption of white matter tracts, and support previous
research suggesting the crucial role of white matter tracts in
facial emotion recognition [26,36]. Thus, intact facial emotion
recognition depends not only on the integrity of regions
directly involved in the somatosensory representations of
emotional expressions, including the frontal lobes [39], tem-
poral regions and the amygdala [51], but also on the integrity
of the white matter tracts that serve to connect these
networks.

Behavioural response patterns underlying task
performance

As anticipated, bootstrap analyses did not support an indirect
effect of liberal bias on task ratings in participants with DAL
Several studies have attributed particular patterns of emotion
recognition responses to specific brain regions [17,52-55]. We
had previously shown that FI participants tended to give
strong ratings to incongruent label-emotion pairs emotional
labels, and also strong ratings to correct label-emotion pairs
[17]. Inspection of our data suggested that, in contrast to
subjects with FI, DAI participants tended to give strong,
incorrect ratings to emotional faces, but failed to endorse
correct emotional labels as well. A liberal responding style
may thus be specific to frontal-focused lesions. The neurop-
sychological tests administered in the present study unfortu-
nately do not allow us to draw specific conclusions about the
cognitive mechanisms that might explain this cognitive bias in
FI. However, it is possible to speculate that impairments in
decision making, which have been well established in subjects
with damage to the ventromedial prefrontal cortex [56], may
lead to a failure to reject incorrect emotion labels based on
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incongruent facial features. Alternatively, FI subjects’ subjec-
tive experience of emotion, which has been described as
severely blunted in many cases [57], may lead them to per-
ceive others’ facial expressions as overstated or exaggerated
and endorse very strong ratings when matching labels to these
expressions.

In contrast, DAI participants in our study endorsed strong
relatively ratings to incorrect emotion labels, and relatively
weak ratings to correct labels. Prior studies have pointed to
the involvement of the right IFOF and the right ILF in emo-
tion recognition deficits in patients with brain injury [37,38].
Although these studies included participants with focal
lesions, one reported a case of isolated damage to the right
IFOF and ILF [38]. This patient showed remarkably similar
impairments on the Ekman task to our DAI group in terms of
z-transformed correlation scores [38, Figure 4b], although the
authors unfortunately did not report on the response patterns
that might account for task performance. The IFOF and ILF
connect the occipital lobes to regions involved in facial affect
recognition, including orbitofrontal and limbic regions, and
their disruption might lead to impaired integration of visual
and affective information. The current study did not specifi-
cally seek to measure the integrity of IFOF and ILF tracts, and
well-designed imaging studies will be necessary to corroborate
this hypothesis.

Implications

The evaluation, assessment and treatment of facial emotion
recognition deficits in TBI populations are essential [58],
because such deficits can be the root of significant social
and functional impairment [7,21,30]. Our data indicate that
pure DAI is associated with facial emotion recognition
impairment independently from focal injuries, and that both
focal and diffuse brain injuries can lead to difficulties identi-
fying emotional labels corresponding to facial expressions, yet
with different response rating patterns. Thus, widespread
white matter injury may have a largely comparable effect on
facial emotion recognition to gross grey matter injury in the
frontal lobe, which is an area known to be involved in facial
emotion recognition [39,51]. Future studies should continue
to systematically compare the contribution of grey matter
areas involved in facial emotion recognition (i.e. the frontal
lobe and amygdala) versus the connections between these
regions, in order to further elucidate, whether impaired facial
emotion recognition is due to abnormal coordination between
specific grey matter areas, their independent effects, or a
consequence of the two possibilities.

Furthermore, our results have implications for treatment of
facial emotion recognition deficits in DAI and FI populations.
Intervention studies have reported that practising analysing
emotionally relevant cues using self-instruction and errorless
learning in the form of games has been found to effectively
improve emotion recognition in participants with focal lesions
following TBI [59,60]. The success of such interventions may
be improved by taking into account the subtle differences
highlighted in our results. Namely, emotion recognition train-
ing with FI groups might focus on identifying facial cues that
are incongruent with a certain expression (e.g. recognizing
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that a face is smiling, and therefore probably not sad), while
training with DAI groups might focus on identifying relevant
cues that may indicate a specific emotion (e.g. recognizing
that a face is smiling, and therefore probably happy). In
addition, clinicians should be aware of potential emotion-
related difficulties in patients even in the absence of focal
lesions, and information should be provided to patients and
their families. Future studies may be oriented at examining
emotion recognition performance in patients with FI having
other types of localized lesions (e.g., in the temporal lobes), in
order to determine if these participants have their own spe-
cific pattern of responding to emotional stimuli.

To the best of our knowledge, previously investigated par-
ticipants with DAI in TBI studies have exhibited some degree
of focal injury [26,37,38]. Thus, the nature and degree of
emotion recognition deficits in patients with pure DAI are
not well understood. Both focal and diffuse injuries are often
present in TBI and interact within a single individual [61],
and the FI participants in our sample inevitably had some
degree of diffuse white matter damage. However, in order to
determine the specific contribution of white matter injury to
emotion recognition performance following TBI, care was
taken in our study to recruit DAI participants with focal
lesions restricted to <10 mm?>, thus effectively isolating the
effects of DAI in the absence of any gross focal lesion.

In interpreting our results, we must acknowledge several
important limitations of this study. The first limitation is the
small size of our sample, especially for our pure DAI and FI
groups. This is a common issue in clinical research, particu-
larly when attempting to design samples that are highly
homogeneous, as was the case in the present study. Small
sample sizes may have prevented us from detecting mean-
ingful differences between our groups, and may have under-
estimated the effect sizes of our statistically significant
between-group comparisons. In addition, our sample only
included chronic stage patients, and so these findings cannot
be extended to recently traumatically brain-injured indivi-
duals. The replication of these results with more robust sam-
ples is needed. In addition, information regarding severity and
time post injury was not systematically collected from FI
participants. Future studies should continue to investigate
the relationship between white matter integrity and facial
emotion recognition using reliable imaging measures.

Acknowledgments

The authors thank Dr André Plamondon for his advice in their boot-
strapping analyses.

Declaration of Interest

This study was supported by Industrial Disease Clinical Research Grant
(150502-02) from the Ministry of Health, Labour, and Welfare, a Grant-
in-Aid for Scientist C (26461766) and Young Scientists B (15K19722)
from the Japan Society for the Promotion of Science; and a research
grant from the General Insurance Association of Japan. The authors
report no conflicts of interest.

References

1.

Boice R. Observational skills. Psychol Bull. 1983;93:3-29.

2. Morrison RL, Bellack, AS. The role of social perception in Social

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

skill. Behavior. 1981;12:69-79.

Argyle M. Social interactions. Science. 1976;194:1046-7.

Argyle N. The nature of cognitions in panic disorder. Behav Res
Ther. 1988;26:261-4.

Mehrabian A, Ksionzky S. Factors of interpersonal behavior and
judgment in social groups. Psychol Rep. 1971;28:483-92.
Posamentier MT, Abdi H. Processing faces and facial expressions.
Neuropsychol Rev. 2003;13:113-43.

Radice-Neumann D, Zupan B, Babbage DR, Willer B. Overview of
impaired facial affect recognition in persons with traumatic brain
injury. Brain Inj. 2007;21:807-16.

Chan RC, Li H, Cheung EF, Gong QY. Impaired facial emotion
perception in schizophrenia: a meta-analysis. Psychiatry Res.
2010;178:381-90.

Edwards J, Jackson HJ, Pattison PE. Emotion recognition via
facial expression and affective prosody in schizophrenia: a meth-
odological review. Clin Psychol Rev. 2002;22:789-832.

Mandal MK, Pandey R, Prasad AB. Facial expressions of emotions
and schizophrenia: a review. Schizophr Bull. 1998;24:399-412.
Schneider F, Gur RC, Koch K, Backes V, Amunts K, Shah NJ,
Bilker W. Gur RE, Habel U. Impairment in the specificity of
emotion processing in schizophrenia. Am ] Psychiatry.
2006;163:442-7.

Bolte S, Poustka F. The recognition of facial affect in autistic and
schizophrenic subjects and their first-degree relatives. Psychol
Med. 2003;33:907-15.

Humphreys K, Minshew N, Leonard GL, Behrmann M. A fine-
grained analysis of facial expression processing in high-function-
ing adults with autism. Neuropsychologia. 2007;45:685-95.
Kennedy DP, Adolphs R. Perception of emotions from facial
expressions in  high-functioning adults with  autism.
Neuropsychologia. 2012;50:3313-9.

Mazefsky CA, Oswald DP. Emotion perception in Asperger’s
syndrome and high-functioning autism: the importance of diag-
nostic criteria and cue intensity. J Autism Dev Disord.
2007;37:1086-95.

Allerdings MD, Alfano DP. Neuropsychological correlates of
impaired emotion recognition following traumatic brain injury.
Brain Cogn. 2006;60:193-4.

Callahan BL, Ueda K, Sakata D, Plamondon A, Murai T. Liberal
bias mediates emotion recognition deficits in frontal traumatic
brain injury. Brain Cogn. 2011;77:412-8.

Henry JD, Phillips LH, Crawford JR, Theodorou G, Summers F.
Cognitive and psychosocial correlates of alexithymia following
traumatic brain injury. Neuropsychologia. 2006;44:62-72.

Henry JD, Phillips LH, Crawford JR, Ietswaart M, Summers F.
Theory of mind following traumatic brain injury: the role of
emotion recognition and executive dysfunction.
Neuropsychologia. 2006;44:1623-8.

Hopkins MJ, Dywan J, Segalowitz SJ. Altered electrodermal
response to facial expression after closed head injury. Brain Inj.
2002;16:245-57.

Knox L, Douglas J. Long-term ability to interpret facial expression
after traumatic brain injury and its relation to social integration.
Brain Cogn. 2009;69:442-9.

McDonald S, Flanagan S. Social perception deficits after traumatic
brain injury: interaction between emotion recognition, mentaliz-
ing ability, and social communication. Neuropsychology.
2004;18:572-9.

McDonald S, Saunders JC. Differential impairment in recognition
of emotion across different media in people with severe traumatic
brain injury. J Int Neuropsychol Soc JINS. 2005;11:392-9.
Babbage DR, Yim ], Zupan B, Neumann D, Tomita MR, Willer B.
Meta-analysis of facial affect recognition difficulties after trau-
matic brain injury. Neuropsychology. 2011;25:277-85.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Croker V, McDonald S. Recognition of emotion from facial
expression following traumatic brain injury. Brain Inj.
2005;19:787-99.

Green RE, Turner GR, Thompson WF. Deficits in facial emotion
perception in adults with recent traumatic brain injury.
Neuropsychologia. 2004;42:133-41.

Jackson HF, Moffat NJ. Impaired emotional recognition following
severe head injury. Cortex. 1987;23:293-300.

Kucharska-Pietura K, Phillips ML, Gernand W, David AS.
Perception of emotions from faces and voices following unilateral
brain damage. Neuropsychologia. 2003;41:1082-90.

Bornhofen C, McDonald S. Emotion perception deficits following
traumatic brain injury: a review of the evidence and rationale for
intervention. ] Int Neuropsychol Soc JINS. 2008;14:511-25.
Spikman JM, Milders MV, Visser-Keizer AC, Westerhof-Evers HJ,
Herben-Dekker M, van der Naalt J. Deficits in facial emotion
recognition indicate behavioral changes and impaired self-aware-
ness after moderate to severe traumatic brain injury. PloS ONE.
2013;8:€65581.

Martins AT, Faisca L, Esteves F, Simao C, Justo MG, Muresan A,
Reis A. Changes in social emotion recognition following trau-
matic frontal lobe injury. Neural Regener Res. 2012;7:101-8.
Martins AT, Faisca L, Esteves F, Muresan A, Justo MG, Simao C,
Reis A. Traumatic brain injury patients: does frontal brain lesion
influence basic emotion recognition? Psychol Neurosci 2011;4:3.
Zald DH, Andreotti C. Neuropsychological assessment of the
orbital and ventromedial prefrontal cortex. Neuropsychologia.
2010;48(12):3377-91. doi:10.1016/j.neuropsychologia.2010.08.012.
Milders M, Ietswaart M, Crawford JR, Currie D. Social behavior
following traumatic brain injury and its association with emotion
recognition, understanding of intentions, and cognitive flexibility.
J Int Neuropsychol Soc. 2008;14(2):318-26. doi:10.1017/
s1355617708080351.

Gentry LR, Godersky JC, Thompson B. MR imaging of head
trauma: review of the distribution and radiopathologic features
of traumatic lesions. AJR Am ] Roentgenol. 1988;150:663-72.
Adolphs R, Damasio H, Tranel D, Cooper G, Damasio AR. A role
for somatosensory cortices in the visual recognition of emotion as
revealed by three-dimensional lesion mapping. ] Neurosci.
2000;20:2683-90.

Genova HM, Rajagopalan V, Chiaravalloti N, Binder A, Deluca J,
Lengenfelder J. Facial affect recognition linked to damage in
specific white matter tracts in traumatic brain injury. Soc
Neurosci. 2015;10:27-34.

Philippi CL, Mehta S, Grabowski T, Adolphs R, Rudrauf D.
Damage to association fiber tracts impairs recognition of the facial
expression of emotion. ] Neurosci. 2009;29:15089-99.

Heberlein AS, Padon AA, Gillihan SJ, Farah M]J, Fellows LK.
Ventromedial frontal lobe plays a critical role in facial emotion
recognition. ] Cogn Neurosci. 2008;20:721-33.

Milesi V, Cekic S, Peron J, Fruhholz S, Cristinzio C, Seeck M,
Grandjean D. Multimodal emotion perception after anterior tem-
poral lobectomy (ATL). Front Hum Neurosci. 2014;8:275.
Ubukata S, Ueda K, Sugihara G, Yassin W, Aso T, Fukuyama H,
Murai T. Corpus callosum pathology as a potential surrogate
marker of cognitive impairment in diffuse axonal injury. J
Neuropsychiatr Clin Neurosci. 2015:appineuropsych15070159.
Wechsler D. Manual for the Wechsler adult intelligence scale —
revised. New York: Psychological Corporation; 1981.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

BRAIN INJURY (&) 7

Wechsler D. Wechsler adult intelligence scale-third edition.
Manual (WAIS- III): administration and scoring manual. San
Antonio, TX: Psychological Corporation; 1997.

Benton AL, Hamsher KDS, Varney NR, Spreen O. Contribution
to neuropsychological assessment. A clinical manual. New York:
Oxford University Press; 1983.

Ekman P, Friesen W. Pictures of facial affect. Palo Alto:
Consulting Psychologist Press; 1976.

Fisher RA. Frequency distribution of the values of the correlation
coefficient in samples of an indefinitely large population. Biometr
(Biometr Trust). 1915;10:507-21.

Fisher RA. On the ‘probable error’ of a coefficient of correlation
deduced from a small sample. Metron. 1921;1:3-32.

Barbato M, Liu L, Cadenhead KS, Cannon TD, Cornblatt BA,
McGlashan TH, Perkins DO, Seidman L], Tsuang MT, Walker EF,
et al. Theory of mind, emotion recognition and social perception
in individuals at clinical high risk for psychosis: findings from the
NAPLS-2 cohort. Schizophr Res Cogn. 2015;2:133-9.

Andric S, Maric NP, Mihaljevic M, Mirjanic T, van Os J. Familial
covariation of facial emotion recognition and IQ in schizophrenia.
Psychiatry Res. 2016;246:52-7.

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator
models. Behav Res Methods. 2008;40(3):879-91.

Neumann D, Keiski MA, McDonald BC, Wang Y. Neuroimaging
and facial affect processing: implications for traumatic brain
injury. Brain Imag Behav. 2014;8:460-73.

Adolphs R, Tranel D. Impaired judgments of sadness but not
happiness following bilateral amygdala damage. ] Cogn
Neurosci. 2004;16:453-62.

Blair RJ, Morris JS, Frith CD, Perrett DI, Dolan R]J. Dissociable
neural responses to facial expressions of sadness and anger. Brain
J Neurol. 1999;122(Pt. 5):883-93.

Calder AJ, Keane J, Manes F, Antoun N, Young AW. Impaired
recognition and experience of disgust following brain injury. Nat
Neurosci. 2000;3:1077-8.

Morris JS, Frith CD, Perrett DI, Rowland D, Young AW, Calder
AJ, Dolan RJ. A differential neural response in the human amyg-
dala to fearful and happy facial expressions. Nature.
1996;383:812-5.

Bechara A, Damasio H, Damasio AR. Emotion, decision making
and the orbitofrontal cortex. Cereb Cortex. 2000;10(3):295-307.
doi:10.1093/cercor/10.3.295.

Hornak J, Rolls ET, Wade D. Face and voice expression identifi-
cation in patients with emotional and behavioural changes follow-
ing ventral frontal lobe damage. Neuropsychologia. 1996;34
(4):247-61.

Driscoll DM, Dal Monte O, Grafman J. A need for improved
training interventions for the remediation of impairments in
social functioning following brain injury. J Neurotrauma.
2011;28:319-26.

Bornhofen C, McDonald S. Comparing strategies for treating
emotion perception deficits in traumatic brain injury. ] Head
Trauma Rehab. 2008;23:103-15.

Bornhofen C, McDonald S. Treating deficits in emotion perception
following traumatic brain injury. Neuropsychol Rehab. 2008;18:22-44.
Andriessen TM, Jacobs B, Vos PE. Clinical characteristics and
pathophysiological mechanisms of focal and diffuse traumatic
brain injury. ] Cell Mol Med. 2010;14:2381-92.


http://dx.doi.org/10.1016/j.neuropsychologia.2010.08.012
http://dx.doi.org/10.1017/s1355617708080351
http://dx.doi.org/10.1017/s1355617708080351
http://dx.doi.org/10.1093/cercor/10.3.295




Downloaded by [Kyoto University], [Takashi Tsukiura] at 17:00 11 January 2016

JOURNAL OF CLINICAL AND EXPERIMENTAL NEUROPSYCHOLOGY, 2016 2
VOL. 38, NO. 2, 171-182 g Routledge
hittp://dx.doi.org/10.1080/13803395.2015.1094027 & W Taylor &Francis Group

Disturbance of time orientation, attention, and verbal memory in amnesic

patients with confabulation

Honoka Shingaki?, Paeksoon ParkP, Keita Ueda¢, Toshiya Murai¢ and Takashi Tsukiura®

aDepartment of Clinical Psychology, Graduate School of Human Sciences, Osaka University, Osaka, Japan; "Department of
Cognitive and Behavioral Sciences, Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan;
“Department of Psychiatry, Graduate School of Medicine, Kyoto University, Kyoto, Japan

ABSTRACT

Confabulation is often observed in amnesic patients after brain damage. However,
evidence regarding the relationship between confabulation and other neuropsycho-
logical functions is scarce. In addition, previous studies have proposed two possibi-
lities of the relationship between confabulation and false memory, in which patients
with confabulation are likely to retrieve false memories, or confabulations are
relatively independent of false memories. The present study investigated how con-
fabulation is related to various cognitive functions, including orientation, attention,
frontal lobe function, memory, and mental status, and to false memories, as
assessed by the Deese-Roediger—-Mcdermott (DRM) paradigm. Patients with organic
amnesia participated, and confabulations were evaluated using the Confabulation
Battery. Amnestic patients were classified into two groups: confabulating (CP) and
nonconfabulating patients (NCP). The CP group was significantly impaired in time
orientation, attention, and verbal memory, compared to the NCP group and age-
matched healthy controls (HC). Results of the DRM paradigm revealed no significant
difference in false memory retrieval induced by critical lures across CP, NCP, and HC
groups. Confabulating responses in organic amnesia could be in part induced by
disturbance of time consciousness and attention control in severe impairment of
verbal memories, and confabulation and false memory could be modulated by

ARTICLE HISTORY
Received 9 June 2015
Accepted 10 September
2015

KEYWORDS
Confabulation; amnesia;
orientation; attention; false
memory

different cognitive systems.

Confabulation is often observed in amnesic
patients after brain damage, and the symptom
is defined as “falsification of memory occurring
in clear consciousness in association with an
organically derived amnesia” (Berlyne, 1972).
Confabulation has been categorized into the
two subtypes of spontaneous confabulation,
which occurs without apparent prompting, and
provoked confabulation, which occurs in
response to direct questions probing a faulty
memory (Kopelman, 1987; Metcalf, Langdon,
& Coltheart, 2007; Schnider, von Daniken, &
Gutbrod, 1996). However, little is known
about what neuropsychological functions are
disturbed in amnesic patients with confabula-
tion, as compared to nonconfabulating amnesic
patients. In addition, the specific nature of the

relationship between confabulation and false
memory remains controversial. The present
study investigated these issues by comparing
behavioral performance indices of orientation,
attention, memory, frontal lobe function, men-
tal status, and false memory across confabulat-
ing and nonconfabulating amnesic patients.
Several theories attempt to explain the symptom
of confabulation. For example, one researcher pro-
posed that confabulation could depend on cover-
ing an exposed memory gap using fictitious
memories related to real recent behaviors
(Berlyne, 1972). In other theories, confabulation
is regarded as a failure to recognize the temporal
order of stored information (Schnider et al., 1996),
or as a failure to inhibit responses, an inability to
monitor behavior, a striking misuse of
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environmental cues, a tendency to be impulsive,
and lack of concern about erroneous performance
(Stuss, Alexander, Lieberman, & Levine, 1978). In
addition, a previous case study of amnesia with
confabulation reported that this patient was
impaired in episodic memory, executive function,
and awareness of memory loss, whereas he showed
relatively preserved general semantic memory,
visual perception, language, and calculation (La
Corte, George, Pradat-Diehl, & Barba, 2011).
Thus, we hypothesize that amnesic patients with
confabulation could show deficits in time orienta-
tion, executive function, memory, inhibition, and
impulsivity control, compared to those without
confabulation or age-matched healthy participants.

False recognition is the phenomenon in which
participants falsely recognize novel items, objects,
or events as familiar even if they were not learned
or presented in the study phase (Schacter,
Norman, & Koutstaal, 1998). Previous studies
have often employed the Deese-Roediger-
Mcdermott (DRM) paradigm to measure false
memories (Deese, 1959; Roediger & McDermott,
1995) and have investigated the relationship
between confabulation and false memory using
the DRM paradigm (Borsutzky, Fujiwara, Brand,
& Markowitsch, 2010; Ciaramelli, Ghetti, &
Borsotti, 2009; Van Damme & d’Ydewalle, 2010).
For example, one study using this paradigm
demonstrated that in confabulating patients, false
recognition of critical lures, which were semanti-
cally related to targets but not presented during
encoding, was not different between divided- and
full-attention retrieval conditions, whereas in non-
confabulating patients and normal controls, false
recognition to critical lures was significantly
greater during divided-attention retrieval than
during full-attention retrieval (Ciaramelli et al,
2009). A positive relationship between confabula-
tion and false memory was also supported by
another study, in which confabulating patients
with rupture of the anterior communicating artery
(ACoA) aneurysm exhibited more false alarms
during autobiographical memory retrieval than
nonconfabulating ACoA patients and normal con-
trols (Gilboa et al., 2006). However, other studies
have reported no significant correlations between
false memory for critical lures in the DRM para-
digm and confabulation (Borsutzky et al., 2010;
Van Damme & d’Ydewalle, 2010). Thus, given
that previous findings regarding the relationship
between confabulation and false memory are not

consistent across studies, it remains unclear
whether or not confabulating patients are likely
to retrieve more false memories (as assessed by
the DRM paradigm) than nonconfabulating
patients or control participants.

The present study investigated neuropsycholo-
gical features and false memories in amnesic
patients with confabulation. In this study, we
employed multiple neuropsychological tests to
assess orientation, attention, language, construc-
tion, memory, frontal lobe function, and impulsiv-
ity control in amnesic patients after brain damage
and age-matched healthy participants. DRM para-
digm performance was also examined in these
participants. On the basis of previous studies, we
predicted that amnesic patients with confabulation
would be significantly disturbed in time orienta-
tion, attention, memory, inhibition, and impulsiv-
ity control, compared to nonconfabulating amnesic
patients or normal controls. In addition, if DRM
paradigm performance is significantly impaired in
confabulating patients, the findings would suggest
a positive relationship between confabulation and
false memory, and vice versa.

Method
Participants

Twelve amnesic patients who regularly attend the
outpatient unit of neuropsychology in Kyoto
University Hospital participated in this study.
They were diagnosed with amnesic disorder due
to known physiological condition (F04) based on
the International Classification of Diseases—10th
Revision (ICD-10). Their etiologies included cere-
bral hemorrhage, traumatic brain injury, cerebral
arteriovenous malformation (AVM), clipping
operations for ACoA aneurysm (unruptured),
and subarachnoid hemorrhage (SAH) after the
rupture of ACoA aneurysm. Damage was identi-
fied in the frontal lobes, basal forebrain, parietal
lobes, retrosplenial regions, fornix, or more wide-
spread regions. In addition, we recruited 20 age-
matched healthy controls (HC) from temporary
employment agencies (AGEKKE Corporation and
Kyoto City Silver Human Resource Center), for
which we asked to recruit participants with no
history of neurological or psychiatric disorders
and who were working in local communities with-
out evidence of severe health problems. However,
data from one amnesic patient and one HC
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Table 1. Participant demographic and clinical data.

ID Sex  Age (years) Etiology Damaged regions Confab rate
cP
cp001 M 58 Cerebral hemorrhage Left parietal lobe 31
cp002 M 38 TBI Bilateral frontal lobe (basal forebrain spared) 17
cp003 M 46 SAH after ACoA aneurysm rupture Bilateral basal forebrain a7
cp004 F 71 SAH after ACoA aneurysm rupture Bilateral basal forebrain 31
cp005 M 66 SAH after ACoA aneurysm rupture Bilateral basal forebrain .19
cp006 M 67 Clipping ACoA aneurysm (unruptured)  ACC/fornix, Bilateral basal forebrain a7
Mean (SD) 57.7 (13.1) .22 (.07)
NCP
ncp001 M 62 AVM Retrosplenium .06
ncp002 M 28 DAI Diffusion .06
ncp003 M 62 TBI Bilateral frontal lobe (basal forebrain spared) .08
ncp004 M 61 TBI Bilateral frontal lobe (left basal forebrain included) 1
ncp006 M 43 AVM Retrosplenium, left occipital lobe .06
Mean (SD) 49.2 (14.1) .07 (.03)
HC
Mean (SD) 543 (8.4) .05 (.03)

Note. Confab = confabulation; CP = confabulating patients; NCP = nonconfabulating patients; HC = healthy controls; M = male; F = female; TBI = traumatic
brain injury; SAH = subarachnoid hemorrhage; ACoA = anterior communicating artery; AVM = arteriovenous malformation; DAl = diffusional axonal
injury; ACC = anterior cingulate cortex; SD = standard deviations. Data from ncp005 were excluded from all analyses in this study.

participant were excluded from all analyses. The
exclusion reason for the amnesic patient was that
in the delayed recognition portion of the Rey
Auditory Verbal Learing Test (RAVLT), this
patient showed a very high rate of false alarms
(85%) for distractor words, while false-alarm rates
for the other participants ranged from 0% to 40%.
The exclusion reason for the HC participant was
that this participant had a neurological history of
cerebral infarction. According to the results of the
Confabulation Battery (Dalla Barba, 1993; Dalla
Barba, Cipolotti, & Denes, 1990; Kanemoto,
Natori, Matsuda, & Hamanaka, 1998), all amnesic
patients were classified into two subgroups of
confabulating (CP) and nonconfabulating patients
(NCP), in which CP patients yielded higher rates
of confabulation that were at least 2 standard devia-
tions (SD) from the average confabulation score for
the HC group. By this classification, six CP (1 female
and 5 males; mean age = 57.67 years, SD = 13.10), five
NCP (5 males; mean age = 49.20 years, SD = 14.13),
and 19 HC (5 females and 14 males; mean age =
54.32 years, SD = 8.37) participants were included in
this study. An analysis of variance (ANOVA) of
mean age with a between-subjects factor of subgroup
(CP, NCP, and HC) showed no significant effect of
subgroup, F(2, 27) = 0.91, p = .41, n° = .06. In an
ANOVA of confabulation rates, we identified a sig-
nificant effect of subgroup, F(2, 27) = 39.42, p < .01,
1’ = .74, in which confabulation rates in CP (mean =
.22, 8D = .07) were significantly higher than those in
NCP (mean = .07, SD = .03, p <.01) and HC (mean =
.05, SD = .03, p < .01). All participants gave their
informed consent to the protocol, which had been

approved by the Institutional Review Board (IRB) of
the Graduate School of Medicine, Kyoto University
(E1812). Detailed profiles of amnesic patients are
summarized in Table 1.

Experimental materials

We employed the Japanese-modified version of
the Confabulation Battery to examine confabula-
tion severity (Dalla Barba, 1993; Dalla Barba
et al, 1990; Kanemoto et al., 1998). This test
includes six categories of measures of autobio-
graphical episodic memory, autobiographical
semantic memory, orientation, general semantic
memory, “I don’t know” episodic memory, and
“I don’t know” semantic memory. Items
included in the “I don’t know” categories
referred to questions to which the appropriate
answer was “I don’t know.” Example items from
the Confabulation Battery are shown in Table 2.
Six questions were applied into each category,
and hence 36 questions were included in this
test battery.

We also administered seven neuropsychological
tests, including Japanese versions of the
Neurobehavioral Cognitive Status Examination
(COGNISTAT), RAVLT, Rey-Osterrieth
Complex  Figure Test (ROCFT), Frontal
Assessment Battery (FAB), Behavioral Inhibition
System (BIS), Buss-Perry Aggression
Questionnaire (BAQ), and the Center for
Epidemiologic Studies Depression Scale (CES-D).
The COGNISTAT was used to measure three gen-
eral areas, including level of consciousness,
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Table 2. Examples of confabulation battery questions.

No. of
Category Example questions

Autobiographical What did you do on your recent 6
episodic memory  birthday?

Autobiographical What day is your birthday? 6
semantic memory

Orientation What time is it now? 6

General semantic What is the name of memorial 6
memory statue created by an artist “Taro

Okamoto” in the Osaka
International Exposition?

“l don't know” What did you do on March 13, 6
episodic memory 19957
“I don’t know” Where was the musical “Dream” 6

semantic memory held the year before last?

Note. Verbal stimuli in this experiment were actually presented in
Japanese. English is here used for presentation purposes only.

orientation (to time and place), and attention,
and five major ability areas including language
(comprehension, repetition, and naming), con-
structional ability, memory, calculation skills,
and executive skills (reasoning and judgment;
Kato & Matsuda, 2000; Kiernan, Mueller,
Langston, & Van Dyke, 1987). The RAVLT was
employed to assess verbal memory (Lezak, 1995;
Tanaka, 1998), whereas visual memory was
assessed using the ROCFT (Lezak, 1995). The
Japanese version of the FAB (Uchida &
Kawashima, 2008) assesses frontal lobe functions
in terms of conceptualization, mental flexibility,
motor programming, sensitivity to interference,
inhibitory control, and environmental autonomy
(Dubois, Slachevsky, Litvan, & Pillon, 2000). The
BIS scale was created to examine individual abil-
ities related to punishment sensitivity and avoid-
ance motivation (Carver & White, 1994), and we
employed the Japanese version (Kamide &
Daibo, 2005). In addition, the Japanese version
of the BAQ was used in the present study to
measure individual differences in aggression
(Ando et al, 1999; Buss & Perry, 1992).
Depression symptoms were assessed using the
CES-D (Radloff, 1977).

To investigate false memories, we employed
the DRM paradigm (Deese, 1959; Roediger &
McDermott, 1995), for which 12 lists of
Japanese words were prepared for use in the
present study. Each list included one word as a
critical lure and eight words that were semanti-
cally related to the critical lure. Eight lists of
Japanese words were collected from one pub-
lished source (Hoshino, 2002), and four addi-
tional lists were selected from another source

(Miyaji & Yama, 2002). In the original lists,
one critical lure and 15 related words were
used, but we only employed one critical lure
and eight related words. This modification
enabled amnesic patients to participate in the
DRM paradigm without potential fatigue by
their memory disturbance. The 12 lists were
divided into six lists of target words and six
lists of distractor words. The lists corresponding
to the target and distractor words were counter-
balanced across participants.

Procedure

The present study was conducted in three
phases: Administration of general neuropsycho-
logical tests, administration of the Confabulation
Battery, and administration of the DRM para-
digm. Items of Confabulation Battery were
divided into two sets. Half of the participants
completed all tests in the following order:
Confabulation testing (first half), false-memory
testing, confabulation testing (second half), and
neuropsychological testing. The other partici-
pants performed these procedures in the reverse
order. The administration order for the neurop-
sychological tests was RAVLT, ROCFT, BIS,
BAQ, CES-D, FAB, and COGNISTAT.

In the assessment of confabulation, participants
were given 2 min to answer one question. Oral
responses by participants were recorded using a
digital voice recorder with their permission. The 36
questions comprising this test were presented in a
pseudorandom order. Responses by amnesic patients
were corroborated by their families or relatives.

In the DRM paradigm, stimulus presentation
and response recoding were controlled using
Super Lab 4.5 (http://www.cedrus.com/) run on
a Windows PC. During an encoding block, par-
ticipants were presented with eight words as
target stimuli and were instructed to encode
them by reading silently. Each word was pre-
sented for 3 s with a fixation interval of 2 s.
After encoding, participants were required to
recall the words learned during encoding within
40 s. The procedure was repeated six times, and
hence 48 words (six lists of target words) were
encoded in total.

Immediately after encoding, participants were
randomly presented with 18 target words, six
critical lures related to the target words, 18 dis-
tractor words, and six critical lures related to the


http://www.cedrus.com/
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distractor words and were required to judge
whether the words were previously learned (old)
or not at two levels of confidence. The target and
distractor words consisted of the first, fourth, and
eighth words in each list. Eighteen distractor
words and six critical lure words related to the
distractor words were defined as “unrelated dis-
tractors” by collapsing them. Four response
options were prepared, namely “Absolutely
seen,” “Probably seen,” “Probably not seen,” and
“Absolutely not seen,” and participants chose one
response type by saying one number correspond-
ing to a scale of the response options printed on a
white sheet. These responses were recorded by the
experimenter pressing a key corresponding to the
response type.

Data analysis

Responses of the Confabulation Battery were cate-
gorized into (a) confabulation, (b) correct
response, or (c) no response. For time information
regarding autobiographical episodic memory and
autobiographical semantic memory, when the date
of events or facts provided by participants were
different from five days or more in day, and from
five years or more in year, the responses were
regarded as (a) confabulation. In addition, when
participants answered “I had nothing special to do”
to a question, for which an actual day of the events
or facts were too difficult to answer, the answers
were categorized as (b) correct responses. For time
information regarding orientation, when partici-
pants provided incorrect responses with a time
difference of five days or more in day, or of five
years or more in year far from the correct date, the
responses were categorized as (a) confabulation.
Responses to questions about general sematic
memory were categorized as (a) confabulation
when the response was replaced by another fact
or was otherwise different from the real fact. When
participants answered “I don’t know,” the response
was coded as (c) no response. In a question to
arrange the order of several historical events as a
part of general semantic memory, when any one of
the events was not included in participant’s
responses, the response was coded as (c) no
response. For “I don’t know” episodic and “I
don’t know” semantic memory, when participants
answered “I don’t know” to the questions, the
responses were defined as (b) correct responses.
Thus, any responses rather than “I don’t know”

were categorized as (a) confabulation. However,
when participants mentioned routine activities
such as going to a job, the responses were regarded
as (b) correct responses.

For free-recall scores of the DRM paradigm,
recalls of target words were defined as hits (Hit),
recalls of critical lure words as false alarms to
critical lure words (cl-FA), and recalls of new
words as false alarms of new words (new-FA).
Each of these scores was analyzed using
ANOVAs with subgroup as a between-subjects
factor. For recognition scores of the DRM para-
digm, responses of “Absolutely seen” and
“Probably seen” to target words were defined as
hits (Hit). When these responses were directed to
critical lure words, the responses were categorized
as false alarms to critical lure words (cl-FA), and
the responses to unrelated distractors were cate-
gorized as false alarms to unrelated distractors (ud-
FA). The proportions of these types of responses
were computed for each participant, and the mean
proportions were analyzed using ANOVAs with a
factor of subgroup.

Results

Confabulation and general neuropsychological
test

Table 3 summarizes neuropsychological test results
for the CP, NCP, and HC groups. As illustrated in
Figure 1, CP participants were significantly
impaired in orientation, attention, and verbal
memory, compared to those in the other groups.
In standardized scores of COGNISTAT, an
ANOVA for “Orientation” scores showed a signifi-
cant effect of subgroup, F(2, 27) = 16.32, p < .01,
= .55, in which scores in CP were significantly
smaller than those in NCP (p < .01) and HC (p <
.01). In addition, given that the test of “Orientation”
included the two categories of “place” and “time,”
we analyzed group differences in these raw scores.
This additional analysis demonstrated that scores in
CP were significantly impaired in “time” orienta-
tion, F(2, 27) = 19.45, p < .01, n° = .59, whereas all
participants showed full marks in the “place” orien-
tation (see Figure 2). Post hoc tests for “time”
orientation yielded significant differences between
CP and NCP (p < .01), and between CP and HC (p
< .01). There was a significant effect of subgroup for
standardized scores of “attention” in COGNISTAT,
F(2,27) = 4.69, p < .05, 1> = .26, for which post hoc
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Table 3. Results of general neuropsychological tests.

CcP NCP HC
Test/subtest Mean (SD) Mean (SD) Mean (SD) Group difference
COGNISTAT
Orientation 5.83 (3.37) 9.60 (0.89) 9.90 (0.46) CP < NCP, HC**
Attention 5.00 (4.15) 10.00 (0.00) 8.68 (2.89) CP < NCP, HC*
Comprehension 7.00 (3.80) 8.80 (2.68) 10.00 (0.00) CP < HC**
Repetition 9.83 (2.40) 10.60 (0.89) 10.42 (1.35)
Naming 9.83 (0.41) 9.80 (0.45) 9.73 (0.73)
Constructional ability 10.50 (1.23) 11.00 (0.00) 10.32 (1.46)
Memory 6.50 (2.07) 6.60 (1.95) 8.32 (1.11) CP < HC*
Calculation skills 9.33 (1.63) 10.00 (0.00) 10.00 (0.00)
Reasoning 9.67 (0.52) 10.40 (0.89) 10.21 (0.71)
Judgment 10.17 (1.84) 10.40 (1.67) 9.95 (1.08)
RAVLT
List A-Trial 1 3.17 (0.98) 4.20 (1.10) 4.79 (1.62)
List A-Trial 2 6.00 (1.55) 6.60 (0.89) 7.58 (1.92)
List A-Trial 3 6.17 (1.72) 7.40 (2.70) 9.53 (2.14) CP < HC**
List A-Trial 4 6.17 (2.48) 8.20 (3.27) 10.58 (1.98) CP < HC**
List A-Trial 5 6.33 (3.20) 9.00 (3.08) 11.32 (1.86) CP < HC**
List B-trial 4.00 (0.63) 3.60 (1.52) 5.00 (2.08)
List A-immediate recall 2.50 (4.23) 6.00 (3.94) 8.53 (3.29) CP < HC**
List A-20-min delayed recall 1.83 (4.49) 5.60 (3.85) 8.42 (3.37) CP < HC**
List A-20 min delayed recognition 10.00 (3.90) 12.20 (2.28) 13.79 (1.69) CP < HC**
ROCFT
Copy 34.67 (1.63) 35.20 (0.84) 34.73 (2.26)
3-min delayed recall 11.67 (7.24) 20.40 (3.50) 20.26 (7.92)
FAB
Total 15.50 (1.52) 15.40 (1.82) 16.05 (1.78)
Conceptualization 2.67 (0.52) 2.80 (0.45) 2.32 (0.58)
Mental flexibility 2.67 (0.52) 2.40 (0.55) 2.84 (0.38)
Motor programming 2.33 (1.03) 2.40 (1.34) 2.58 (0.84)
Sensitivity to interference 3.00 (0.00) 2.20 (1.10) 2.90 (0.46)
Inhibitory control 1.83 (1.17) 2.60 (0.89) 2.42 (1.02)
Environmental autonomy 3.00 (0.00) 3.00 (0.00) 3.00 (0.00)
BIS 67.83 (9.02) 65.20 (16.78) 65.11 (8.84)
BAQ 71.67 (14.67) 70.20 (13.03) 61.79 (10.59)
CES-D 12.50 (10.13) 12.60 (7.37) 10.63 (6.14)

Note. CP = confabulating patients; NCP = nonconfabulating patients; HC = healthy controls; COGNISTAT = Japanese
version of the Neurobehavioral Cognitive Status Examination; RAVLT = Rey Auditory Verbal Learning Test; ROCFT =
Rey-Osterrieth Complex Figure Test; FAB = Frontal Assessment Battery; BIS = Behavioral Inhibition System; BAQ =
Buss—Perry aggression questionnaire; CES-D = Center For Epidemiologic Studies Depression Scale.

*p < .05, **p < .01 in F tests.
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Figure 1. Results of general neuropsychological tests for orientation, attention, and verbal memory. A. “Orientation”
scores on the Japanese version of the Neurobehavioral Cognitive Status Examination (COGNISTAT) for confabulating
patients (CP), nonconfabulating patients (NCP), and healthy controls (HC). B. “Attention” scores on the COGNISTAT for CP,
NCP, and HC. C. 20-min delayed recall scores on the Rey Auditory Verbal Learning Test (RAVLT) in CP, NCP, and HC. Error
bars represent standard deviations (SDs). *p < .05. **p < .01.

tests (Bonferroni method) yielded significant differ-  also identified for “comprehension” standardized

ences between CP and NCP (p < .01), and CP and  scores of COGNISTAT, F(2, 27) = 5.63, p < .01,

HC (p < .05). A significant effect of subgroup was 1> = .30, and post hoc tests showed significant
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Figure 2. Results of a subtest of time orientation from the
“Orientation” of COGNISTAT (Japanese version of the
Neurobehavioral Cognitive Status Examination). Raw
scores were used to compare performance of time orien-
tation across the subgroups. Confabulating patients (CP)
performed significantly worse than Nonconfabulating
patients (NCP) and healthy controls (HC) on time orienta-
tion raw scores, but place orientation scores were not
significantly different across the subgroups. Error bars
represent standard deviations (SDs). **p < .01.

differences between CP and HC (p < .01). In addi-
tion, an ANOVA for “memory” standardized scores
of COGNISTAT revealed a significant effect of sub-
group, F(2, 27) = 5.02, p < .05, ° = .27, which were
significantly lower for CP than for HC (p < .05). For
all other subtests of COGNISTAT, ANOV As for the
standardized scores showed no significant effect of
subgroup [“repetition” F(2, 27) = 0.42, p = .66, 1> =
.03; “naming”: F(2, 27) = 0.06, p = .94, n° = .01;
“constructional ability”: F(2, 27) = 0.55, p = .58, 1" =
.04; “calculation skills™: F(2, 27) = 2.16, p = .13, n2 =
.14; “reasoning”™ F(2, 27) = 1.75, p = .19, n2 = .12
“judgment™ F(2, 27) = 0.24, p = .79, n° = .02.

For RAVLT as a verbal memory task, com-
pared to HC, CP was significantly impaired in
the learning phase of Trials 3-5, immediate recall
after interference, 20-min delayed recall, and 20-
min delayed recognition. However, such distur-
bance was not identified in NCP. For the learn-
ing phase of Trials 3-5, an ANOVA showed a
significant effect of subgroup [Trial 3: F(2, 27) =
6.25, p < .01, n> = .32; Trial 4: F(2, 27) = 8.99, p <
.01, n* = .40; Trial 5: F(2, 27) = 10.56, p < .01, n°
= .44], in which scores for CP were significantly

lower than those for HC (p < .01 for all trials).
The same patterns of group differences in
RAVLT scores were identified for immediate
recall after interference, F(2, 27) = 6.65, p < .01,
N> = .33, 20-min delayed recall, F(2, 27) = 7.56, p
< .01, n* = .36, and 20-min delayed recognition,
F(2, 27) = 6.15, p < .01, n° = .31, and post hoc
tests showed significant differences between CP
and HC (ps < .01). For the learning phases of
Trial 1 and Trial 2, as well as the interference
trial (List B), we found no significant effects
of subgroup [Trial 1: F(2, 27) = 2.89, p = .07,
n® = .18; Trial 2: F(2, 27) = 2.12, p = .14, n* = .14;
interference trial: F(2, 27) = 1.54, p = .23, r]2
= .10].

For ROCFT as a visual memory task, ANOVAs
showed a significant effect of subgroup for the
“delayed recall” phase, F(2, 27) = 3.36, p < .05, n°
= .20, but not for the “copy” phase, F(2, 27) = 0.12,
p = .88, r]z = .01. However, post hoc tests for
“delayed recall” scores showed no significant dif-
ferences between any of the subgroups. For FAB to
assess frontal lobe functions, no significant effect
of subgroup was found for total scores, F(2, 27) =
0.42, p = .66, n° = .03. ANOVAs for raw scores in
subtests of FAB showed no significant effects of
subgroup [“conceptualization™: F(2, 27) = 2.01, p =
15, 1% = .13; “mental flexibility”: F(2, 27) = 2.15, p
= .14, n* = .14; “motor programming”: F(2, 27) =
0.18, p = .84, > = .01; “inhibitory control”: F(2, 27)
= 0.94, p = 40, r]z = .07; “environmental auton-
omy”: all participants had perfect scores], except
for “sensitivity to interference,” F(2, 27) = 3.47, p <
.05, n* = .21. However, post hoc tests revealed no
significant differences between any of the sub-
groups for this function. For tests of mental status,
we found no significant effect of subgroup for any
of the tests [BIS: F(2, 27) = 0.16, p = .85, n° = .01;
BAQ F(2,27) = 2.14, p = .14, 1* = .14; CES-D: F(2,
27) = 0.25, p = .78, n° = .02].

Confabulation and false memory

Table 4 shows results of the DRM paradigm for
each subgroup. In general, results of this test
demonstrated that false memories of critical lures
were not directly associated with confabulation in
amnesic patients.

In terms of number of target words recalled,
there was a significant effect of subgroup, F(2,
27) = 6.13, p < .01, qz = .31, for which post hoc
tests yielded a significant difference between CP
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Table 4. Results of Deese-Roediger-Mcdermott (DRM)
paradigm.

Item type cP NCP HC
Number of words recalled
Hit (SD) 22.83 (10.46) 28.20 (2.95) 32.95 (5.24)
cl-FA (SD) 0.83 (1.17) 0.60 (0.89) 1.00 (1.60)
new-FA (SD) 2.17 (1.72) 2.20 (2.12) 1.37 (1.74)
Recognition rates
Hit (SD) 65 (.29) 67 (.18) 0.81 (.14)
ud-FA (SD) 22 (32) 11 (.16) 0.03 (.06)
Hit vs. ud-FA (SD) 43 (.36) .56 (.27) 0.79 (.14)
cl-FA (SD) 64 (.29) 43 (.25) 0.58 (.28)

Note. CP = confabulating patients; NCP = nonconfabulating patients;
HC = healthy controls; cl-FA = false alarms to critical lures; new-FA
= false alarms to new items; ud-FA = false alarms to unrelated
distractors.

and HC (p < .01). False recall was not different
across the three subgroups [cl-FA: F(2, 27) =
0.16, p = .85, n> = .01; new-FA: F(2, 27) =
0.57, p = .57, n° = .04], but these results of
false recall might not be interpretable due to a
possible floor effect. In recognition rates of
words, an ANOVA for false-alarm rates of unre-
lated distractors (ud-FA) revealed a significant
effect of subgroup, F(2, 27) = 3.70, p < .05, n’
= .22, in which ud-FA rates in CP were signifi-
cantly larger than those in HC (p < .05). For Hit
and cl-FA rates in recognition, we found no
significant effect of subgroup [Hit: F(2, 27) =
2.58, p = .09, n° = .16; cl-FA: F(2, 27) = 0.80, p
= 46, n* = .06]. In addition, to investigate
whether corrected recognition scores (Hit rates
vs. ud-FA rates) were larger than false recogni-
tion scores (cl-FA rates) in each subgroup, we
performed paired t tests between corrected
recognition and false recognition scores in each
subgroup. In HC, scores of corrected recognition
were larger than those of false recognition, #(18)
= 290, p < .01, r = .57, whereas there was no
significant difference between corrected recogni-
tion and false recognition scores in both CP and
NCP [CP: #(5) = -1.33, p = .24, r = .51; NCP: ¢
(4) = 0.79, p = 47, r = .37].

Discussion

Two major findings emerged from this study. First,
the CP group was impaired in time orientation and
attention of COGNISTAT, and in verbal memory
as assessed by the RAVLT and COGNISTAT.
Second, in the DRM paradigm (an assessment of
false memory), we found significant differences of
performance between the CP and HC groups in
terms of recalling studied items and recognizing

unrelated distractors. However, false alarms for
critical lures related closely to false memories
were not different across the subgroups, for both
recall and recognition. In addition, HC showed
higher rates of corrected recognition (hit rates vs.
false-alarm rates for unrelated distractors) than of
false recognition (false-alarm rates for critical
lures), whereas there was no significant difference
between corrected recognition and false recogni-
tion in both CP and NCP. These findings suggest
that the symptom of confabulation could be
associated with disturbance of time orientation,
attention, and verbal memory, and that the pro-
duction of false memories could not be modulated
by confabulation severity. Each of these findings is
discussed in separate sections below.

Time orientation, attention, and verbal
memory in confabulation

The first main finding of this study was that amne-
sic patients with confabulation performed worse in
assessments of time orientation, attention, and
verbal memory than those without confabulation
or age-matched healthy controls. These findings
suggest that confabulation could at least in part
reflect deficits in orienting to time, regulating
attention or concentration, and verbal memories.

Disturbance of time orientation in confabu-
lating patients has been consistently identified
in previous neuropsychological studies. For
example, one study of an amnesic case with
confabulation reported that this patient showed
marked confabulation in response to questions
involving access to temporal consciousness (La
Corte et al., 2011). A relationship between con-
fabulation and temporal consciousness has been
identified in other neuropsychological studies
(Dalla Barba & Boisse, 2010; Turner, Cipolotti,
Yousry, & Shallice, 2008). In addition, there is
also a neuropsychological finding that recovery
of confabulation in amnesic patients parallels
recovery of temporal context confusion in
memory (Schnider, Ptak, von Daniken, &
Remonda, 2000). These findings suggest that
deficits in time orientation or temporal con-
sciousness could be one critical cause of con-
fabulation in amnesic patients.

In the present study, we found that compared
to nonconfabulating patients and healthy con-
trols, confabulating patients were significantly
disturbed in attention, which was assessed using
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the digit span task. This finding is also consistent
with previous neuropsychological findings. For
example, a case study demonstrated that a con-
fabulating patient with bilateral thalamic infarc-
tion was significantly impaired in digit span task
as well as in other executive function tasks (Nys
et al., 2004). In another study, patients with
higher confabulation rates performed worse
than those with lower confabulation rates or
those without confabulations on the Trail
Making Test, which has been used to measure
sustained attention, mental tracking, and set-
shifting (Cunningham, Pliskin, Cassisi, Tsang, &
Rao, 1997). Attention-related deficits in confabu-
lating patients have been frequently observed in
other neuropsychological studies (Beeckmans,
Vancoillie, &  Michiels, 1998;  Fischer,
Alexander, D’Esposito, & Otto, 1995). Ability of
attention in the present study was evaluated only
by the digit span task, which is considered as a
method to measure short-term memory func-
tions (Conway et al., 2005), and hence the
impairment of attention in the CP patients was
found only in a relatively specific context. Taken
together with evidence from the present and pre-
vious studies, however, deficits of attention con-
trol could be closely associated with the
production of confabulation in amnesic patients.

In the present study, confabulating patients
were significantly impaired in verbal memory
functions as assessed by the RAVLT, but the
impairment was not significant in visual memory
functions as assessed by the ROCFT. These find-
ings suggest that confabulation severity could be
correlated with individual difference of verbal
memory functions, but not of visual memory
functions. One study reported that variance in
verbal confabulations was explained only by indi-
vidual difference in RAVLT delayed recall perfor-
mance, and that variance in graphical
confabulations, which was assessed using the
ROCFT, was explained only by individual differ-
ence in semantic fluency (Pelati et al., 2011).
Given that confabulations in our study were eval-
uated via verbal responses, the present finding of
disturbed verbal memory performance in CP
patients is consistent with previous findings. The
functional dissociation between verbal and visual
confabulations reflects the possibility that they
could be modulated by different cognitive
systems.

False memory in confabulation

The second main finding of our study was that
false memories as assessed by the DRM para-
digm were not modulated by confabulation
severity. This result is in fact consistent with
several neuropsychological studies. For example,
a previous neuropsychological study using the
DRM paradigm reported that ACoA patients
showed worse retrieval performance for studied
items than healthy control participants (i.e.,
lower hits), but false alarms for unstudied critical
lures and unrelated distractors were not statisti-
cally different between these groups (Borsutzky
et al., 2010). In another neuropsychological study
using the DRM paradigm, Korsakoff patients
with confabulation showed a significant correla-
tion between confabulation scores and false
alarms to unrelated distractors, whereas they
showed no significant correlation between con-
fabulation scores and false alarms to critical lures
(Van Damme & d’Ydewalle, 2010). Taken
together, confabulation severity could reflect dis-
turbed retrieval of studied memories rather than
production of false memory for critical lures as
assessed by the DRM paradigm. The present
findings, in which confabulating patients were
impaired in cognitive functions including time
orientation or attention but not in false mem-
ories by the DRM paradigm, suggest that false
memories assessed by the DRM paradigm could
not be directly explained by deficits of time
orientation or attention.

The finding of no relationship between con-
fabulation and false memory may be explained by
differences in the memories tapped by the
Confabulation Battery and the DRM paradigm.
In the Confabulation Battery used here, many
questions asked participants to access remote
memories of autobiographical or public events,
whereas in the DRM paradigm, participants were
required to retrieve word items immediately after
encoding. A functional dissociation between
remote and recent memories has been consis-
tently identified in neuropsychological studies.
For example, there is neuropsychological evi-
dence that patients with focal retrograde amnesia
show severe retrograde amnesia as a form of
remote memory loss, with mild or no antero-
grade amnesia as a form of recent memory loss
(Kapur, 1993; Parkin, 1996). On the other hand, a
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case study reported that a patient, who was
damaged only at the CA1 field of the hippocam-
pus, showed marked anterograde amnesia and
little retrograde amnesia (Zola-Morgan, Squire,
& Amaral, 1986). These findings suggest that
remote and recent memories could be at least in
part be associated with different systems. Given a
functional dissociation between remote and
recent memories, confabulations as a form of
remote memory error could not appear to be
directly related to DRM-driven false memories,
as an error of recent memory. However, the pre-
sent findings of relationships between confabula-
tion and other cognitive functions/false
memories may be due to potential artifacts
derived from smaller sample sizes of the CP and
NCP patients. Further investigations for larger
sample sizes of confabulating patients should be
carefully performed in future research.

Neural correlates of confabulation

In the present study, brain lesions in CP and NCP
patients were variable across them, and hence the
relationship between confabulation and brain
lesion was not predicted accurately. However,
possible neural mechanisms associated with con-
fabulation may be explained by assessing profiles
of brain lesions identified in the present and pre-
vious studies. As shown in Table 1, four of six CP
patients were damaged in the bilateral basal fore-
brain region, whereas four of five NCP patients
were preserved in the basal forebrain region, and
one NCP patient showed a focal lesion only in the
left side of this region. The importance of the
bilateral basal forebrain lesions in confabulation
was demonstrated in a previous study, in which
patients with basal forebrain lesions continued to
confabulate for several months (Schnider et al.,
2000). In another neuropsychological study, the
relationship between confabulation and focal
frontal lesion was investigated by several compo-
nents in the Confabulation Battery (Dalla Barba
et al,, 1990), and the most critical lesion asso-
ciated with confabulation was located in the infer-
ior medial frontal lobe (Turner et al., 2008).
Although the contribution of other lesions to
confabulation was not denied by evidence avail-
able in the present investigations, at least, the
bilateral basal forebrain lesion could be one of
the most important lesions to cause confabulation
in some amnesic patients.

Conclusion

In the present study, we investigated neuropsy-
chological features and false memories in brain-
damaged amnesic patients with confabulations.
Results demonstrated that confabulating patients
showed significant impairments in time orienta-
tion, attention, and verbal memory functions,
compared to nonconfabulating patients or age-
matched healthy controls. In addition, we found
that false memory in the DRM paradigm did not
differ between confabulating and nonconfabulat-
ing patients. These findings suggest that confa-
bulating responses in amnesic patients could be
induced by disturbances of time orientation and
attention control in the severe impairment of
verbal memory functions, and that confabulation
and false memory could be modulated by differ-
ent cognitive systems.
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