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a b s t r a c t
An important aspect of schizophrenia symptomatology is inner–outer confusion, or blurring of ego boundaries, which is linked to symptoms such as hallucinations and Schneiderian delusions. Dysfunction in the cognitive processes involved in the generation of private thoughts may contribute to blurring of the ego
boundaries through increased activation in functional networks including speech- and voice-selective cortical regions. In the present study, the neural underpinnings of silent verbal thought generation and speech
perception were investigated using functional magnetic resonance imaging (fMRI). Functional connectivity
analysis was performed using constrained principal component analysis for fMRI (fMRI-CPCA). Group differences were observable on two functional networks: one reﬂecting hyperactivity in speech- and voice-selective
cortical regions (e.g., bilateral superior temporal gyri (STG)) during both speech perception and silent verbal
thought generation, and another involving hyperactivity in a multiple demands (i.e., task-positive) network
that included Wernicke's area, during silent verbal thought generation. This set of preliminary results suggests
that hyperintensity of functional networks involving voice-selective cortical regions may contribute to the blurring of ego boundaries characteristic of schizophrenia.
© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
An important aspect of schizophrenia symptomatology is alienation, which can lead to self–other and/or inner–outer confusion, or
blurring of ego boundaries, and is linked to symptoms such as hallucinations and Schneiderian delusions (Larøi and Woodward, 2007;
Waters et al., 2010). In the source monitoring and schizophrenia literature (Seal et al., 2004; Woodward et al., 2007; Allen et al., 2008), it
has been suggested that alienation and misattribution of thoughts
could be explained by either a degraded top-down “generatingthoughts” signal, or the bottom-up addition of perceptual attributes
to internal events. We investigated this issue using functional magnetic resonance imaging (fMRI) to study the cognitive operations accompanying the formation of private, self-generated thoughts as well
as speech perception.
Examination of the cognitive operations contributing to thought
generation and speech perception can be enhanced using fMRI
because the neural regions involved in the cognitive operations of
theoretical interest are relatively well established. Speciﬁcally, the
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generation of thoughts would be expected to activate what is referred
to as the task-positive (Fox et al., 2005) or multiple demands network
(Duncan and Owen, 2000), involving the dorsal frontal, parietal, and
anterior cingulate cortices, as these activate when attentionally demanding tasks are carried out. In comparison, speech perception
should activate primarily speech- and voice-selective cortical regions
(Belin et al., 2000), and more speciﬁcally vocal speech regions, which
include the primary auditory cortex, superior temporal gyrus (STG)
and adjacent Sylvian ﬁssure regions (Zatorre et al., 1992; Belin et al.,
2000; Binder et al., 2000; Buchsbaum et al., 2005; Hickok and
Poeppel, 2007). Thus, measurement of the functional networks involved in thought generation and speech perception in schizophrenia
patients could provide evidence that relates to alienation theories.
Early attempts at localizing the neural underpinnings of silent
thought employed overt and/or covert word generation. However,
overt generation of a word (Frith et al., 1991, 1995; Friedman et al.,
1998) does not promote the separation of perceptual and generational
cognitive processes. Studies using covert generation of a word
(McGuire et al., 1996a; Curtis et al., 1998) allowed generation to be
studied separately from perception, but perception of another's voice
for comparison was omitted from these studies. One positron emission
tomography (PET) study on healthy subjects employed sentence generation and a separate speech perception condition (Müller et al., 1997).
The results indicated that sentence generation activated the left
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dorsolateral prefrontal cortex (DLPFC; Brodmann area (BA) 46), whereas sentence perception activated the bilateral superior temporal regions
(BA 22), suggesting a separation of top-down effortful processing and
bottom-up speech perception. However, only overt speech was used
in the sentence generation condition in this study as well, thereby introducing a perceptual component to the generation condition.
In the current study, a new fMRI paradigm with two conditions
was developed in order to separate silent verbal thought generation
from speech perception. In the silent verbal thought generation condition, participants were required to generate a deﬁnition of a common word when presented with an illustration of the object that
the word represents. In the speech perception condition, participants
were required to listen to a deﬁnition of a common word when presented with an illustration of the object that the word represents.
We used an analysis method that allowed us to study networks of
coordinated brain activity as opposed to activation in individual
regions: constrained principal component analysis (CPCA) for fMRI
(fMRI-CPCA; www.nitrc.org/projects/fmricpca) with a ﬁnite impulse
response (FIR) model (Metzak et al., 2011a, 2011b). This method of
analysis allows not only the visualization of how functional networks
respond to verbal thought generation and speech perception, but also
visualization of how activation and deactivation in these connected
networks differ between healthy controls and schizophrenia patients
for these speciﬁc tasks. As with univariate methods, deactivation refers to network regions that decrease activity during task-on periods
relative to task-off periods, and activation refers to regions that increase activity during task-on periods relative to task-off periods.
According to top-down and bottom-up accounts of alienation in
schizophrenia, if alienation were due to increased bottom-up perceptual qualities associated with silently generated thoughts, an increased intensity in functional networks involving voice-selective cortical regions
would be expected during silent generation of thoughts in the schizophrenia patients relative to healthy controls. In contrast, if alienation
were due to decreased intensity of the top-down “generating thoughts”
signal, decreased activity in the cognitive control (multiple demands)
functional network may be present in the schizophrenia patients relative to the healthy controls during silent generation of thought. Either
result would contribute to theoretical accounts of how inner–outer confusion and alienation arise in schizophrenia. The speech perception condition was included as a control/comparison condition, and no speciﬁc
hypotheses were put forward for this condition.
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control group was 110.50 (S.D. = 9.58) and the mean score for the patient group was
98.6 (S.D. = 16.42). With respect to the WTAR test, the mean score for the control
group was 111.5 (S.D. = 6.50) and the mean score for the patient group was 104.6
(S.D. = 6.78). T-tests performed on the mean scores suggested no signiﬁcant difference
between the two groups on the KBIT-2, t(13) = 1.79, P = 0.1, or the WTAR, t(13) =1.56,
P = 0.14. The mean age was 33.6 years (S.D. = 7.76) for the patients and 26.7 years
(S.D. = 7.54) for the controls, and there was no signiﬁcant age difference between
the two groups, t(13) = 1.65, P = 0.12.
The Signs and Symptoms of Psychotic Illness (SSPI; Liddle et al., 2002) scale was
used to measure the symptom history as well as the severity of the illness over the
past week. SSPI is a 20 item scale with a ﬁve point range (0 = no symptoms; 4 = severe
symptoms). The mean SSPI score for the schizophrenia patients was 11 (S.D. = 6.04)
consistent with moderate symptomatology (Liddle et al., 2002). One patient had hallucinated in the past week, but no one else reported hallucinations or Schneiderian delusions. A hearing test was performed on all the participants using an audiometer
(AMBCO 650AB, www.ambco.com) to ensure absence of hearing impairment. All subjects gave written informed consent and met fMRI compatibility criteria. The study was
approved by Clinical Research Ethics Committees of the University and Hospital. Participants received a ﬁnancial reward of $10 CAD per hour for participation in the study.
2.2. Conditions
Two experimental conditions were examined: silent verbal thought generation
and speech perception. In the silent verbal thought generation condition, participants
were required to mentally generate a simple deﬁnition of a word, with the word and
corresponding object visually presented on a screen. For example, the word “Table”
would appear along with a picture of a table, and participants may generate the deﬁnition “Something you eat meals on.” In the speech perception condition, participants listened to a simple deﬁnition of a word starting with “Something you…”, with the word
and corresponding object visually presented on the screen. An example of a typical
stimulus is shown in Fig. 1. Participants were instructed that each deﬁnition, whether
heard or generated, should start with “Something you” in order to ensure that participants would generate at least some words on every trial, and to minimize any interpretational confounds between conditions.
2.3. Stimuli
Three 30-word lists of nouns were created using the medical research council
(MRC) psycholinguistic database (Coltheart, 1981). In order to facilitate the generation
of deﬁnitions, only nouns with values greater than 500 on familiarity, concreteness and
imageability criteria ratings were chosen (700 being the maximum value), and the
three lists were matched on mean values on these parameters. All nouns were of neutral affective content and included the categories of food, houseware, furniture, clothing and transportation devices. Extensive pilot testing was carried out to ensure that
the nouns included in the experiment evoked consistent deﬁnitions, and that when
presented with deﬁnitions only, the intended target word was produced. The audio
stimuli were recorded by a female native speaker of English in a quiet room. The
recorded deﬁnitions lasted on average 2.22 s (S.D. = 0.62). Two out of the three word
lists were randomly assigned to the two conditions for each participant separately.
2.4. Design and procedure

2. Methods
2.1. Participants
Five schizophrenia patients and 10 healthy controls were examined. All the participants were right-handed (Annett, 1970) and all had been using English daily for at
least the past 5 years. The patient group was composed of three males and two females
who were recruited from the Vancouver General Hospital wards located at the University of British Columbia. All diagnoses were based on diagnostic and statistical manual of mental disorders - fourth edition (Revised) (DSM-IV-R) criteria (American
Psychiatric Association, 2000), and were made by a multidisciplinary team conference
during the ﬁrst month of admission when diagnosis is reviewed using all sources of information. Four patients were diagnosed with schizophrenia and one with schizoaffective disorder. Diagnoses were conﬁrmed at the time of testing using the MiniInternational Neuropsychiatric Interview (MINI; Sheehan et al., 1998). All patients
were taking atypical neuroleptics at the time of study. Two patients were taking risperidone (mean dosage = 3 mg/day, range = 2–4 mg), one was taking clozapine (600 mg/
day), one was taking quetiapine (600 mg/day) and one was taking ﬂuephenazine
(40 mg/day). The mean duration of illness was 8.2 years (standard deviation (S.D.) =
4.38). The control group was composed of ﬁve male and ﬁve female healthy volunteers
who were recruited from advertisement posts. The exclusion criteria for both groups
included (1) history of neurological disorder, traumatic brain injury with loss of consciousness for more than 5 min or any cognitive sequelae resulting from loss of consciousness, and (2) drug/alcohol abuse or addiction. History of psychiatric disorder
(self or close family) warranted exclusion for the control group, and patients with
strong negative symptoms or severe thought disorganization symptoms were excluded. Intelligence quotient (IQ) was evaluated using the Kaufmann Brief Intelligence Test
version 2 (KBIT-2; Kaufman and Kaufman, 1997) and the Wechsler Test of Adult Reading (WTAR; Wechsler, 2001). With respect to the KBIT-2, the mean score for the

Prior to the fMRI scans, the subjects were familiarized with the experimental procedure (both conditions) in a computerized practice run, using 10 words different from
those presented in the scanner. Following this, in order to facilitate generation of definitions while in the scanner, participants practiced audibly generating deﬁnitions for
the 30-word list in the generation condition, with no time limit imposed. For each
word presented on the screen they were asked to overtly generate a simple deﬁnition
of the word starting with “Something you …”. Once in the scanner, the experimenter
reminded participants about the silent generation condition, and instructions were
presented on the screen to ensure that the task was performed covertly, and within
the time allotted for each response. It was emphasized that participants should avoid
generating their own deﬁnitions when one was provided (i.e., during the speech
perception condition). No speciﬁc training was carried out for the speech perception
material, to ensure that familiarity with the material would not increase the likelihood
of self-generation of deﬁnitions during the speech perception condition.
During fMRI scanning, the two experimental conditions were presented using Presentation Software 12.1 (http://www.neurobs.com). For each condition, each word
and its associated illustration were presented (in a different randomized order for
each subject) for 2 s. A blank screen was then shown for 3 s. Total trial duration was
5 s. Words were written in white in a 48 point Times New Roman font and presented
on a black background. The illustration was placed under the word and the display was
centered on the screen (see Fig. 1). At the end of each condition block, there was a rest
break during which the participants were required to do nothing other than remain
still for 60 s. In the speech perception condition, the onset of each audio ﬁle was synchronized to visual presentation of the corresponding word.
In order to prevent subjects from internally reviewing the most recently generated
or heard deﬁnition (which would act to reduce the power of the experimental manipulation), during the interstimulus interval (ISI) a display of generic circles moving in an
“orbiting” motion was presented. The distribution of the duration of the ISI was
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Fig. 1. Timeline of the experimental procedure. Two functional scan runs of 9 min and 25 s each were completed, and stimuli in each condition (silent verbal thought generation and
speech perception) were grouped in blocks consisting of 15 trials in each run. In the silent verbal thought generation condition, participants were required to mentally generate a
simple deﬁnition of a word, and in the speech perception condition, participants listened to a simple deﬁnition. The ﬁrst screen in each block displayed the instructions for that
experimental condition, which remained on the screen for 15 s. The ﬁrst trial of the speciﬁed condition was subsequently displayed for 2 s, and was followed by a blank screen
(3 s) and then by the ISI screen prior to the onset of the second trial in that condition. The distribution of the duration of the ISI was exponential, optimizing the deconvolution
of the BOLD signal (Serences, 2004) (mean = 4.46 s; range = 2 s, 4 s, 6 s, 8 s, 16 s, 20 s). Although the stimuli were presented in blocks, the analyses were carried out using an
event-related model in order to estimate trial-dependent HDR shapes.

exponential, optimizing the deconvolution of the blood oxygenation level-dependent
(BOLD) response (Serences, 2004, mean = 4.46 s, range = 2 s, 4 s, 6 s, 8 s, 16 s, 20 s).
Two functional scan runs of 9 min and 25 s each were completed, and stimuli in each
condition were grouped in blocks consisting of 15 trials in each run. The order of the
conditions (as well as the words within the conditions) was randomly assigned.
2.5. Image acquisition
Imaging was performed at the University of British Columbia MRI Research Centre
on a Phillips Achieva 3.0 Tesla(T) scanner with quasar dual gradients (maximum gradient amplitude, 80 mT/m; maximum slow rate, 200 mT/m/s). The participant's head
was ﬁrmly secured using a customized head holder. Functional image volumes were
collected using a T2*-weighted gradient-echo spin pulse sequence [36 axial slices;
thickness/gap, 3/1 mm; matrix, 80 × 80; repetition time (TR), 2500 ms; echo time
(TE), 30 ms; ﬂip angle (FA), 90°; ﬁeld of view (FOV), 240 × 240 mm] effectively covering the whole brain. Two runs were performed; 220 image volumes were collected in
each run, and each run lasted 9 min and 10 s.
2.6. Image analysis
Functional images were ﬁrst pre-processed using statistical parametric mapping 5
(SPM5) (Wellcome Institute of London, UK). Images were realigned, normalized to the
Montreal Neurological Institute (MNI) brain template and were spatially smoothed
with an 8 ∗ 8 ∗ 8 mm full width at half maximum Gaussian ﬁlter.
Data analysis was carried out using constrained principal component analysis for
fMRI (fMRI-CPCA; http://www.nitrc.org/projects/fmricpca) with an orthogonal rotation (Metzak et al., 2011a, 2011b). The theory and proofs of CPCA are detailed in previously published work (Takane and Shibayama, 1991; Takane and Hunter, 2001).
Brieﬂy, CPCA combines principal component analysis and regression analysis. When
applied to fMRI data, three main steps are carried out. In the ﬁrst step, referred to
as the external analysis, a multivariate least-square multiple regression is carried
out to separate the BOLD signal into variance that is and is not predictable from stimulus timing model (the FIR model — FIR response models do not assume a BOLD signal
shape, but estimate BOLD changes in peristimulus time). In the second step, the predicted scores from the multivariate multiple regression are submitted to principal
component analysis (PCA with rotation). In a third step, weights are computed that,
when applied to the stimulus timing model, would produce the component scores
(the latter run over scans and subjects, as does the FIR model). This produces
subject-, condition-, and peristimulus-time-point-speciﬁc predictor weights for
each functional network, which reﬂect the intensity of each functional network
over peristimulus time, and as such, estimate the hemodynamic response (HDR) associated with each functional network. Predictor weights can be interpreted as the
importance of each extracted component to each combination of peristimulus time
point, subject and scan.

2.7. Statistical inference procedure
Predictor weights can be used to test the effects of the experimental condition on
estimated BOLD response and to compare these responses between groups (Metzak et
al., 2011a, 2011b). These analyses were carried out as 7 × 2 × 2 mixed-model analyses
of variance (ANOVAs), with the within-subjects factors of Peristimulus Time (eight
whole-brain scans after the onset of each stimulus were estimated in the FIR model,
but the ﬁrst value is set to zero for all subjects and conditions so it is not included in
the ANOVA) and Condition (speech perception vs. thought generation), and the
between-subjects factor of Group (controls vs. patients). Greenhouse–Geisser adjusted
degrees of freedom were checked, but any violations of sphericity did not affect interpretation of results; therefore, the original degrees of freedom are reported. Predictor
weights provide estimates of the intensity of functional networks over peristimulus
time, and as such, estimate the HDR associated with each functional network; therefore, a signiﬁcant effect of peristimulus time combined with a biologically plausible
HDR shape provides evidence that the component is reﬂecting a reliable BOLD response to the stimuli.

3. Results
Inspection of the scree plot (Cattell, 1966, 1977) of singular values
obtained from the CPCA analysis suggested that six components should
be extracted. All six components were tested to ensure that (1) they
took the form of a HDR shape, and (2) showed a statistically signiﬁcant
effect of peristimulus time (see Metzak et al., 2011a, 2011b). The ﬁrst
component, reported in Supplementary Material — Table 1 and displayed in Fig. 2A, accounted for 12.79% of the rotated variance predictable from stimulus presentation timing. It included a network of
activations in bilateral visual regions and fusiform gyri (BAs 18, 19), bilateral dorsal anterior cingulate/supplementary motor area (BA 6), bilateral prefrontal regions (BAs 45, 46, 47), bilateral insular cortices,
and Wernicke's area (BA 22; posterior STG). It showed signiﬁcant
main effects of Peristimulus Time, F(6, 78) =4.14, P b 0.01, Condition,
F(1, 13) = 15.31, P b 0.01, and Group, F(1, 13) = 4.57, P = 0.05. However, a signiﬁcant interaction between Peristimulus Time and Condition,
F(6, 78) = 5.20, P b 0.001, was also observed. The source of this interaction was the fact that the estimated BOLD response was stronger in the
thought generation condition, F(6,78) = 9.03, P b 0.001, than in the
speech perception condition, F(6,78) = 0.46, P = 0.83, leading to a
higher peak, and an HDR shape that differs between conditions. The
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Fig. 2. Images, plots of predictor weights, and plots of BOLD signal for components 1–6. The dominant 5% of component loadings are displayed, with positive component loadings
displayed in red and negative component loadings in blue. The mean FIR-based predictor weights are plotted as a function of peristimulus time and condition for the control group
and the schizophrenia group (error bars are standard errors). The predictor weights at the ﬁrst point of peristimulus time are adjusted to zero and all other values scaled accordingly
for each subject.
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Fig. 2 (continued).
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signiﬁcant group effect in the absence of interactions suggests that, averaged over conditions and time-points, the activity in this network
was stronger in patients (mean= 0.15) than in controls (mean =
−0.03), but to interpret this it must be kept in mind that the component is mostly inﬂuenced by the thought generation condition.
The second component, reported in Supplementary Material —
Table 2 and displayed in Fig. 2B, accounted for 9.86% of the variance
predictable from stimulus presentation timing. It comprised a functional network with activations in bilateral STG (BAs 21, 22, 41) and
fusiform gyrus/occipital/cerebellar regions (BAs 17, 18, 19). This
component was characterized by a signiﬁcant main effect of Peristimulus Time, F(6, 78) = 4.48, P b 0.001, but also a signiﬁcant interaction between Condition and Peristimulus Time, F(6, 78) = 4.96,
P b 0.001. This interaction indicates that the shape of the estimated HDR depended on the condition. Repeated contrasts show
that this interaction was strongest for changes over the 7.5 s, F(1,
13) = 9.59, P b 0.01, and 12.5 s, F(1, 13) = 10.99, P b 0.01, timepoints, reﬂective of an increase and decrease in estimated HDR
(i.e., higher peak) in the speech perception condition that is absent
in the thought generation condition, which is congruent with involvement of the STG.
The third component, reported in Supplementary Material — Table
3 and displayed in Fig. 2C, accounted for 7.29% of the variance predictable from stimulus presentation timing. It was deﬁned by a functional
network of activations in the lingual gyrus/occipital/cerebellar regions (BAs 17, 19), bilateral STG (BAs 21, 22), dorsal anterior cingulate/supplementary motor area cortex (BA 8) and the left inferior
frontal and dorsolateral prefrontal cortices (BAs 45, 46, 47). This
component was characterized by a main effect for Peristimulus Time,
F(6, 78) = 27.81, P b 0.001, and an interaction between Peristimulus
Time and Condition, F(6, 78) = 7.18, P b 0.001. The interaction was signiﬁcant only for changes over the 12.5 second time-point, F(1, 13) =
24.49, P b 0.001, which was characterized by a decline in activation for
speech perception and an increase for generation, caused by a slightly
later peak for thought generation.
The fourth component, reported in Supplementary Material —
Table 4 and displayed in Fig. 2D, accounted for 6.50% of the variance
predictable from stimulus presentation timing. It was characterized
by a functional network with activations in the lingual gyrus/occipital/cerebellar regions (BA 17, 18, 19), and the left superior frontal
and precentral (BA 6) regions. It also included deactivations in the
bilateral middle (BA 8) and right inferior (BAs 10, 47) frontal regions
as well as in the angular and supramarginal gyri (BAs 39, 40). This
component showed signiﬁcant main effects of Peristimulus Time
F(6, 78) = 23.14, P b 0.001, and of Condition, F(1, 13) = 9.54, P b 0.01.
The Peristimulus Time × Condition interaction was also signiﬁcant,
F(6, 78) = 14.00, P b 0.001, indicating that the shape of the HDR is condition dependent. The interaction was especially strong for changes
over the 7.5 second and 15 second time windows, F(1,13) = 26.52,
P b 0.001; F(1,13) = 71.09, P b 0.001, due to the steeper incline and
decline for the thought generation condition relative to the speech
perception condition.
The ﬁfth component, reported in Supplementary Material — Table 5
and displayed in Fig. 2E, accounted for 4.17% of the variance predictable
from stimulus presentation timing. It involved a functional network
with activations in the bilateral STG (BAs 21, 22) and deactivations in
the bilateral medial and anterior frontal regions (BAs 10, 32), and posterior cingulate gyrus (BAs 7, 31). This component showed signiﬁcant
main effects of Peristimulus Time F(6, 78) = 13.43, P b 0.001, and of Condition, F(1, 13) = 14.80, P b 0.005. The interaction between these factors
was also signiﬁcant, F(6, 78) = 6.51, P b 0.001. The interaction was especially strong for changes over the 7.5 second and 15 second time windows, F(1,13) = 27.31, P b 0.001; F(1,13) = 11.91, P b 0.005, due to the
steeper incline and decline for the speech perception condition relative
to the thought generation condition, and a later peak for the thought
generation condition.
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The sixth component, reported in Supplementary Material — Table
6 and displayed in Fig. 2F, accounted for 3.63% of the variance predictable from stimulus presentation timing. It was characterized by a functional network with activations in the bilateral STG (BAs 21, 22) as
well as in the lingual gyrus/fusiform gyrus/occipital/cerebellar regions
(BAs 18, 19). It was also comprised of deactivations mainly in the bilateral superior frontal regions (BAs 9, 45, 46, 47) and the angular and
supramarginal gyri (BAs 39, 40). This component showed signiﬁcant
main effects of Peristimulus Time F(6, 78) = 37.55, P b 0.001, and of
Condition, F(1, 13) = 20.06, P b 0.001, as well as a signiﬁcant Condition × Peristimulus Time interaction, F(6, 78) = 10.18, P b 0.001. The interaction was especially strong for changes at four time points from
9 to 18 s, F(1, 13) = 52.05, P b 0.001, F(1, 13) = 28.07, P b 0.001; F(1,
13) = 63.18, P b 0.001; F(1, 13) = 24.38, P b 0.001. This is due to the
sharp peak for the speech perception condition relative to thought generation, which corroborates the strong activations in the STG. A strong
Group × Peristimulus Time effect was also observed, F(6, 78) = 10.18,
P b 0.001. The interaction was especially strong for all four time
points from 7.5 to 15 s, F(1, 13) = 12.30, P b 0.001; F(1, 13) = 16.78,
P b 0.001; F(1, 13) = 8.27, P b 0.05; F(1, 13) = 19.34, P b 0.001. This suggests that, for this component, patients have a much higher peak than
controls, suggesting hyperactivity in the networks involving the STG.
The absence of a three-way interaction suggested that this hyperactivity for patients was independent of condition, and separate analyses for
the generation and speech perception conditions conﬁrmed signiﬁcant
Group × Peristimulus Time interactions for both, F(1, 13) = 4.18,
P b 0.001; F(1, 13) = 8.53, P b 0.001, respectively.
4. Discussion
Dysfunction in the cognitive processes involved in the generation
of private thoughts may contribute to the blurring of the ego boundaries in schizophrenia, either through reduced salience of top-down
processes involved in generating thoughts, or rich bottom-up auditory
qualities associated with generating thoughts. In the present study,
the neural underpinnings of silent verbal thought generation and
speech perception were investigated using fMRI. Functional connectivity analyses were performed using fMRI-CPCA. Six reliable functional
networks were extracted, and related back to the experimental conditions by interpreting the associated predictor weights. As was expected
from previous studies (Müller et al., 1997), two main types of networks
were observed: one involved primarily in silent thought generation,
which displayed strong dorsal anterior cingulate cortex (dACC) activations (components 1 and 4), and another primarily involved in speech
and voice perception, which displayed strong STG activations (components 2, 5 and 6). One functional network was active in both conditions
(component 3, albeit with delayed peaks in the thought generation
condition relative to speech perception), and correspondingly showed
activations in both the dACC and STG. Group differences were observable on two functional networks: one reﬂecting hyperactivity in
speech- and voice-selective cortical regions (e.g., bilateral STG) during
both speech perception and silent verbal thought generation (component 6), and another reﬂecting hyperactivity in a multiple demands
(i.e., task-positive) network, which included Wernicke's area, during silent verbal thought generation (component 1). Hyperactivation in
functional networks involving speech- and voice-selective cortical regions during silent thought generation may contribute to the blurring
of ego boundaries characteristic of schizophrenia.
All functional networks that showed greater activation during
speech perception than during thought generation involved activation of the STG (i.e., components 2, 5 and 6). However, only one
(component 6) differed between groups. Differences between patients and controls are likely to have led to component 6 separating
from components 2 and 5. Therefore, in order to understand how
the results relate to schizophrenia, the spatial patterns of these
three components, over and above their common STG activation,
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should be contrasted. Note that in addition to the STG activation,
component 2 involved visual cortex activation, and component 5 involved the task-negative (default mode) network deactivations
(Raichle et al., 2001; Fox et al., 2005). In contrast, component 6 involved deactivations in regions normally associated with the taskpositive or multiple demands network (Duncan and Owen, 2000;
Fox et al., 2005), including subcortical structures, lateral prefrontal
regions, and lateral superior parietal regions, although dACC deactivity was notably absent. Recall that deactivation (negative loadings)
refers to regions that decrease activity during task-on periods relative
to task-off periods, and that activation (positive loadings) refers to regions that increase activity during task-on periods relative to task-off
periods. Deactivation of task-positive regions is highly unusual for an
attentionally demanding task, and for the other components (e.g.,
component 3) we see activation in some of these regions in both conditions. This suggests hyperintensity of a network involving activation of voice-selective cortical regions, and deactivation of regions
normally involved in the allocation of attentional resources (but excluding the dACC), in both voice perception and silent thought generation in schizophrenia.
Deactivation of regions involved in allocation of attentional resources typically occurs only during task-off or self-reﬂective periods
(Raichle et al., 2001; Fox et al., 2005). This may be particularly important for understanding inner/outer confusion, as hyper-intense cooperation between functional networks involved in self-reﬂection and
those involved in perception of language suggests rich auditory qualities associated with self-reﬂective silent thoughts, contributing to
inner/outer confusion. This suggests that a reduction in prefrontal
cortex activation is indeed present for patients, a position shared
with Frith's biological disconnection account (Frith, 1992, p. 84;
McGuire et al., 1995, 1996b); however, these results suggest that
this reduction is attributable to more intense deactivation, as opposed
to less intense activation, during silent thought. This set of results (1)
is congruent with a number of existing accounts of inner–outer confusion in schizophrenia (Ford et al., 2007; Northoff and Qin, 2011),
(2) can account for the observation of externalization errors (Seal et
al., 2004; Ditman and Kuperberg, 2005; Woodward et al., 2006;
Larøi and Woodward, 2007; Woodward et al., 2007) and reduced
hits on self-generated items (reviewed by Waters et al., 2010) in
source monitoring studies in schizophrenia (Woodward and Menon,
2012), and (3) forms the basis of the “over-perceptualization”
account of hallucinations (Allen et al., 2008).
Two components in this study were more active in the generation
condition than the speech perception condition (components 1 and
4), and involved the dACC. However, only one (component 1) differed
between the groups. Importantly, as mentioned above in reference to
component 6, differences between patients and controls likely caused
component 1 to emerge separately from component 4, and it is important to compare the spatial patterns of these components beyond
their common dACC activation. The most obvious difference is that
component 4 includes negative loadings corresponding to the tasknegative (i.e., default) network. This reciprocal pattern is commonly
seen in attentionally demanding tasks (Fox et al., 2005; Metzak et
al., 2011a, 2011b), and since this did not differ between the groups,
it will not be discussed further. Interestingly, component 1, which
was hyperactive in patients, displayed activity in Wernicke's area
whereas component 4 did not. As with component 6, this provides
more evidence for hyperactivity of speech- and voice-selective cortical regions in schizophrenia.
One component, component 3, did not differ between groups, and
displayed a similar level of activity in both conditions. These were
task-positive regions presumably involved in very general requirements for attentional resources that were equivalent in the two conditions, including primary sensory (visual and auditory) left prefrontal/
dorsolateral prefrontal cortex (maintaining task instructions) and subcortical regions. The slight delay in the peak for the estimated BOLD

signal associated with the thought generation condition relative to the
speech perception condition is presumably due to generation processes
taking slightly longer than perceptual processes to initiate.
One limitation of the current study is the small number of subjects. Although the standard errors in the plots of the estimated hemodynamic response shapes suggest that the functional networks
were quite reliable, with a larger sample it would be possible to
split the patients according to symptomatology, and to determine
speciﬁc effects in hallucinating patients, or in those patients
experiencing Schneiderian delusions involving alienation. Our hypothesis would be that the effects reported here would be increased
with a pure sample of patients experiencing hallucinations or alienation symptoms. However, with the current dataset, such conclusions
are not possible, and even the conclusion that these effects are present across the diagnostic category of schizophrenia must be considered preliminary due to the small sample size. A second limitation
was that there is no direct method to check performance. However,
given that group differences involved increased intensity for patients
relative to controls, it seems unlikely that the results were inﬂuenced
by patients being disengaged from the experimental tasks. A third
limitation is that participants had familiarity (through training)
with the words used for thought generation, but not for speech perception, which may have affected interpretation when the conditions
were directly compared. (As mentioned above, rehearsing the speech
perception material was not carried out as it would have increased
the likelihood of self-generation of deﬁnitions during that condition.)
Finally, unlike univariate methodologies, all tests of signiﬁcance for
fMRI-CPCA take place at the level of standard repeated-measures
ANOVAs, for which P value corrections are not typically carried out.
However, correction of the P value for the repeated contrasts may
be recommended, and it is worth noting that this set of results
would remain unchanged if a more conservative P value of b0.01
were used for the repeated contrasts instead of the typical P b 0.05.
It should also be noted that if a more conservative P value of b0.01
were also used for the repeated measures ANOVAs, the Group effect
on component 1 would not survive.
5. Conclusions
In this study we provide preliminary evidence for hyperintensity of
functional networks involving speech and voice-selective cortical regions
(such as the STG and Wernicke's area) during silent thought generation in
schizophrenia. This may contribute to the blurring of the ego boundaries
and inner/outer confusions characteristic of this illness, but this must be
conﬁrmed in future work involving comparison of subsamples split on
symptom proﬁles (Woodward and Menon, 2012).
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