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Abstract

A hallmark of schizophrenia is impaired proverb interpretation, which could be due to: (1) aberrant activation of
disorganized semantic associations, or (2) working memory (WM) deficits. We assessed 18 schizophrenia patients
and 18 normal control participants on proverb interpretation, and evaluated these two hypotheses by examining
within patients the correlations of proverb interpretation with disorganized symptoms and auditory WM,
respectively. Secondarily, we also explored the relationships between proverb interpretation and a spectrum of
cognitive functions including auditory sensory-memory encoding (as indexed by the mismatch negativity (MMN)
event-related brain potential (ERP)); executive function; and social /occupational function. As expected,
schizophrenia patients produced less accurate and less abstract descriptions of proverbs than did controls. These
proverb interpretation difficulties in patients were not significantly correlated with disorganization or other symptom
factors, but were significantly correlated (p < .05) with WM impairment, as well as with impairments in
sensory-memory encoding, executive function, and social/occupational function. These results offer no support for
disorganized associations in abnormal proverb interpretation in schizophrenia, but implicate WM deficits, perhaps as
a part of a syndrome related to generalized frontal cortical dysfunction. (JINS, 2007, 13, 1-11.)
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INTRODUCTION

Deficits in understanding proverbs are considered a hall-
mark of schizophrenia. In general, proverbs used in mental
status testing (e.g., You can't judge a book by its cover)
involve metaphor, in which an expression is used to describe
something other than its literal referents; although this is
not true of all phrases considered proverbs, such as Igno-
rance is bliss. Compared to normal individuals, schizophre-
nia patients tend to interpret proverbs less accurately (Brune
& Bodenstein, 2005; Harrow et al., 1972), less abstractly or
more concretely (Braff & Beck, 1974; Gorham, 1956; Reed,
1968; Reich, 1981; Sponheim et al., 2003), and more idio-
syncratically (Harrow et al., 1972; Shimkunas et al., 1967;
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Sponheim et al., 2003). Although proverb interpretation does
not reliably differentiate schizophrenia from other psychi-
atric illnesses (Andreasen, 1977; Braff & Beck, 1974; Reich,
1981), its frequent impairment in schizophrenia has led to
its inclusion in the clinical examination of schizophrenia
patients, and in rating scales for the disorder such as the
Positive and Negative Syndrome Scale (PANSS) (Kay et al.,
1989).

The relationship between these proverb interpretation dif-
ficulties and the underlying causes of schizophrenia, how-
ever, has not been conclusively established. On one view,
failure to arrive at the standard interpretation of a proverb is
thought to reflect interference from tangential or idiosyn-
cratic associations that also are presumed to cause disorga-
nized speech more generally (Buss & Lang, 1965; Carpenter
& Chapman, 1982; Shimkunas et al., 1967). Along similar
lines, Gibbs and Beitel (1995) proposed that in schizophre-
nia patients “the ability to provide figurative interpretations
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to proverbs is disturbed because (the patients) are more
easily distracted by associations between words in proverbs
and their own personal experiences.” In view of experimen-
tal evidence that disorganized speech in schizophrenia
patients is associated with a relative overactivation of remote
versus strong semantic associations (Kostova et al., 2005;
Moritz et al., 2001; Moritz et al., 2003; Spitzer et al., 1993),
advocates of this hypothesis have suggested that this abnor-
mal activation may also lead to tangential and hence inac-
curate proverb interpretations.

According to a different hypothesis, first proffered by
Goldstein (1944), schizophrenia patients’ primary deficit
rests in their inability to adopt an “abstract attitude,” in
which “we detach ourselves from the given impression, and
the individual thing represents to us an accidental sample or
representative of a category.” This hypothesis implies impair-
ment in establishing a set of correspondences among ele-
ments of the proverb and other more abstract concepts.

Studies of schizophrenia patients have identified some
neuropsychological and symptomatic correlates of proverb
interpretation abnormalities which may help shed light on
their underlying causes. In schizophrenia patients, concrete-
ness of proverb responses was found to correlate with lower
scores on tests of attention (serial search), memory (figural
reproduction) and executive function (planning and set shift-
ing) (Sponheim et al., 2003); while a combined rating of accu-
racy and abstraction correlated with performance on tests of
executive function and theory of mind (Brune & Boden-
stein, 2005). In addition, abstraction (Brune & Bodenstein,
2005; Carpenter & Chapman, 1982; Shimkunas et al., 1966),
accuracy, and lower idiosyncrasy (Carpenter & Chapman,
1982) of proverb responses have been found to correlate with
verbal intelligence as measured by vocabulary tests. Taken
together, these data suggest that schizophrenia patients may
not give the standard, abstract interpretation of a proverb due
to fundamental abnormalities impairing a wide range of higher
cognitive functions. Moreover, other studies have reported
no correlation of accuracy and abstraction with either posi-
tive, negative or disorganized symptoms in schizophrenia
(Brune & Bodenstein, 2005; Sponheim et al., 2003), although
response idiosyncrasy has been found to correlate with dis-
organization (Sponheim et al., 2003). These results would
seem to suggest that while processes underlying disorga-
nized speech may contribute to more idiosyncratic language
use in schizophrenia patients, they are unlikely to be the pri-
mary cause of their abnormal proverb interpretations.

According to recent advances in cognitive theory, the
ability to attain the standard interpretation of a metaphori-
cal proverb can be seen as just one instance of a process of
meaning construction called conceptual integration (Coul-
son & Oakley, 2000; Fauconnier & Turner, 1998). This pro-
cess involves establishing mappings between elements and
their relationships across mental domains, in order to project
emergent meaning to a “blended”” domain. This theory builds
on previous work describing analogical thinking as the selec-
tion of one-to-one mappings between aspects of two differ-
ent situations (Gick & Holyoak, 1983; Hummel & Holyoak,
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2003). Conceptual integration is postulated to be essential
for a wide range of higher cognitive phenomena, including
analogy, metaphor, categorization and hypothetical reason-
ing. According to conceptual integration theory, a correct
understanding of a proverb such as People in glass houses
shouldn’t throw stones requires mapping elements from a
concrete source domain to a more abstract target domain. In
this case, being in a glass house is mapped to the charac-
teristic of having faults or weaknesses, and throwing stones
to the act of criticizing others. In addition, the relationship
between these elements—the fact that the potential recip-
rocation of stone throwing would be particularly apt to harm
the inhabitant of a glass house—is mapped to the idea that
the potential reciprocation of criticism would be particu-
larly apt to harm the individual who has faults or weak-
nesses. These mappings are reflected in a response such as
Don’t go ridiculing people for what they do if you’ve done it
yourself. In contrast, a schizophrenia patient’s response such
as People should watch what they say around other people
so they don’t hurt their feelings is a somewhat less com-
plete mapping—although mappings to the target domain
are established for glass house and throwing stones, the
relationship between them is absent.

Conceptual integration theory offers a framework for elab-
orating on hypotheses about the source of proverb interpre-
tation difficulties in schizophrenia. On one view, which we
will refer to as the disorganized-associations hypothesis,
overactivation of unusual associations to concepts, which
causes disorganized speech in general, also affects proverb
interpretation by preventing correct mappings which involve
normatively strong associations (Gibbs & Beitel, 1995). For
instance, consider the patient response:

If you’re the President of a school and you live across
from the campus, as they did in Keene, Texas, and Elder
Scales was the President of the school, he lived in a glass
house, so to speak, because people were always able to
see him. You live right across the street from the campus
and you live in a glass house, and people can see what
you’'re doing, they can say: “That’s not so.”

Here, glass house may have activated an idiosyncratic asso-
ciation (the concept of living in visible proximity to one’s
associates or subordinates) to an abnormal degree, resulting
in the mapping of glass house to this concept instead of to
its standard counterpart, thus precluding a correct interpre-
tation of the proverb.

Within the conceptual integration model, proverb inter-
pretation difficulties in schizophrenia could also stem from
a diminished ability to maintain representations of multiple
elements of source and target domains in working memory
(WM) while performing the operations necessary to estab-
lish aligned mappings between them (we will refer to this
view as the WM-deficiency hypothesis). In fact, a number
of models of relational reasoning in general (Halford et al.,
1998; Hummel & Holyoak, 2003; Waltz et al., 2000), and
of figurative language interpretation in particular, posit an
important role for WM in the process (see Glucksberg, 2003,
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for review). Moreover, WM impairments have been exten-
sively described in schizophrenia (see Lee and Park (2005)
for a meta-analysis). The WM-deficiency hypothesis is con-
sistent with the view that proverb interpretation deficits in
schizophrenia reflect primarily a difficulty in the “abstract
attitude,” which according to Goldstein (1944) included the
ability “to keep in mind simultaneously various aspects,”
and “to break up a given whole into parts and to isolate
them voluntarily,” in order to “generalize,” “abstract com-
mon properties,” and “think or perform symbolically.”

In the present study, we aimed to test the disorganized-
associations and WM-deficiency hypotheses of abnormal
proverb interpretation in schizophrenia, by seeking corre-
lational evidence for each of these hypotheses. Importantly,
these two hypotheses are not mutually exclusive, especially
since disorganization and WM deficits tend to co-occur in
schizophrenia patients (Daban et al., 2002; McGrath et al.,
2001; Melinder & Barch, 2003). Therefore, either or both
of the hypotheses could potentially be true, with the latter
being the case if WM deficiency contributes to both disor-
ganization and abnormal proverb interpretation.

In order to test these hypotheses, we administered the
Delis-Kaplan Executive Function System (D-KEFS) Prov-
erb Test (Delis et al., 2001) to schizophrenia patients and
control participants, and rated responses on both accuracy
and abstraction. Patients’ symptoms were rated with the
Scale for Assessment of Negative Symptoms (SANS)
(Andreasen, 1984a) and the Scale for Assessment of Posi-
tive Symptoms (SAPS) (Andreasen, 1984b). In patients,
Letter-Number Span Test (LNS) (Gold et al., 1997) scores
were used as a measure of attention-dependent auditory
WM. The LNS was designed as a relatively specific mea-
sure of WM, defined as the ability to simultaneously store
and manipulate information (Baddeley, 1992; Gold et al.,
1997). As a convergent measure, the Wisconsin Card Sort-
ing Test (WCST) (Heaton et al., 1993) was also adminis-
tered. Although this test involves a mixture of complex
cognitive operations (Gold et al., 1997; Hartman et al., 2003),
performance on it in schizophrenia has been found to reli-
ably correlate with deficits in attention-dependent WM (Gold
et al., 1997; Hartman et al., 2003; Kurtz & Wexler, 2006).
In addition, the California Verbal Learning Test (CVLT-II)
(Delis et al., 2000) was administered as a measure of verbal
recall, since there is behavioral and neuroimaging evidence
to suggest that deficits in this function and in working mem-
ory may result from a common underlying cause (Barch
et al., 2002; Bruder et al., 2004). We hypothesized that, if
the disorganized-associations hypothesis is true, then prov-
erb accuracy and abstraction ratings would correlate with
the SANS/SAPS-derived Disorganized symptom factor
(Miller et al., 1993). Alternatively or in addition, if the
WDM-deficiency hypothesis is true, then proverb interpreta-
tion ratings would be correlated with LNS, WCST and
CVLT-II performance.

As a secondary aim, we sought to characterize whether
proverb interpretation deficits in schizophrenia are corre-
lated with a spectrum of lower- to higher-level cognitive

operations, from early sensory processing to real-world func-
tioning. Emerging evidence supports the view that deficits
in pre-attentional stages of information processing may be
a fundamental cause of schizophrenia patients’ impair-
ments in more complex cognitive tasks (Kawakubo & Kasai,
2006; Light & Braff, 2005a; Light et al., in press). In this
conception of schizophrenic pathology, pre-attentional pro-
cesses may determine the extent to which task-relevant infor-
mation is available for further controlled processing (Braff
& Light, 2004). The mismatch negativity (MMN), an event-
related brain potential (ERP) component elicited by devi-
ants among unattended auditory stimuli (Naatanen et al.,
1978), is considered a measure of pre-attentional sensory
processing. It is postulated to reflect discrepancy with a
sensory-memory trace (Naatanen et al., 1989), and thus has
been used as a measure of accuracy of encoding in sensory
(or “echoic”’) memory (Naatanen, 2003). Its amplitude has
been consistently found to be smaller than normal in schizo-
phrenia (reviewed in Michie, 2001), suggesting an abnor-
mality of sensory-memory encoding. The possibility that
this abnormality in turn may affect more complex cognitive
functions (Javitt et al., 1995; Javitt et al., 1997) is raised by
the reported correlation of MMN deficits with poor func-
tional status in schizophrenia (Light & Braff, 2005a, 2005b).
However, it is unclear whether processes reflected in
decreased MMN cause functional impairment, and, if so,
what the chain of causally mediating factors might be. Alter-
natively, decreased MMN and functional impairment may
both be related to some other factor without being directly
causally linked (Braff & Light, 2004). As a step toward
further clarifying the nature of the relationships between
MMN amplitude reductions and functional impairment, we
examined the correlations between: (1) MMN, (2) func-
tional status, and (3) proverb interpretation and other neuro-
cognitive functions associated with it. Functional status was
measured via a clinician rating and a standardized functional-
skills assessment (Patterson et al., 2001), since a combina-
tion of assessment modalities may improve the validity of
measurement of actual real-world function (McKibbin et al.,
2004). We also cannot infer causation from correlation per
se. However, if these variables are intercorrelated, it would
be consistent with the possibility that abnormalities in pro-
cesses involved in proverb interpretation mediate the rela-
tionship between sensory-memory encoding deficits and
functional impairment, or that some common process under-
lies all of these deficits. On the other hand, if a particular
neurocognitive function is not correlated with MMN and
functional measures, this would help rule it out as a medi-
ator between sensory-memory encoding deficits and func-
tional impairment.

METHODS

Participants

Participants included 18 schizophrenia patients and 18 nor-
mal control participants. Patients were recruited from
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community residential facilities and through physician refer-
ral. All were outpatients. Controls were selected to match
patients on age, sex, and parental socioeconomic status
(SES), and were recruited through newspaper advertise-
ments, and flyers posted at the University of California,
San Diego (UCSD) Medical Center. All participants were
assessed on their capacity to provide informed consent and,
after they were given a detailed description of the study,
gave written consent via the UCSD Institutional Review
Board approved consent form (# 030510). Participants were
compensated in cash.

Patients were assessed with the Structured Clinical Inter-
view for DSM-IV (SCID) (First et al., 1995), and were
screened to rule out any other Axis I diagnosis including
substance abuse. Controls were assessed using the SCID
(non-patient edition) to rule out any past or present Axis |
or II diagnoses including substance abuse. Exclusion crite-
ria for both patients and controls also included any current
or past neurological disorder. Parental SES was computed
using the index of Hauser and Warren (1996). Demographic
characteristics of the study sample are shown in Table 1.

Twelve patients were prescribed second-generation anti-
psychotic medications, two were prescribed first-generation
antipsychotics, and two were prescribed a combination of
first- and second-generation antipsychotics. Two patients
were not taking any antipsychotics.

Symptom ratings

Patients” symptoms were assessed with the SANS
(Andreasen, 1984a) and SAPS (Andreasen, 1984a). Based
on these ratings, we calculated scores for Psychotic, Nega-
tive and Disorganized symptom factors as derived by Miller
et al., (1993)—the Psychotic factor was the sum of global
ratings for delusions and hallucinations; the Negative fac-
tor was the sum of global ratings for affective flattening,
avolition /apathy and anhedonia/asociality; and the Disor-
ganized factor was the sum of global ratings for positive
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formal thought disorder and bizarre behavior. Patients’ clin-
ical characteristics are shown in Table 1.

Neuropsychological tests

The tests described in this section were administered to
both patients and controls.

The Free Inquiry section of the Delis-Kaplan Executive
Function System (D-KEFS) Proverb Test (Delis et al., 2001)
was administered. The test proverbs are shown in Table 2.
Accuracy and abstraction of each response were rated accord-
ing to the test manual by two independent raters, one of
whom was blind to participant group. Accuracy and abstrac-
tion are rated independently of each other. Accuracy (rated
0, 1 or 2) reflects the degree to which the response includes
key elements of either the literal or figurative meaning of
the proverb. Abstraction (rated O or 2) is defined as gener-
alization to concepts other than those referred to in the prov-
erb (regardless of accuracy). For each participant, overall
accuracy and abstraction scores from each rater were com-
puted, by averaging the corresponding ratings across all
proverbs.

In the LNS test of auditory WM (Gold et al., 1997), the
examiner verbally presents strings of alternating numbers
and letters (e.g., W7T4), and participants respond by saying
the numbers from smallest to largest followed by the letters
in alphabetical order (47TW). The test involves 3 trials at
each string length, beginning with 2-item strings and pro-
ceeding up to 8-item strings. The test is terminated if a
participant fails all 3 trials at any one string length. The
overall score consists of the number of trials answered cor-
rectly (out of a maximum of 21).

Participants also received a 64-card short form of the
WCST (Haaland et al., 1987; Heaton et al., 1993), which
was scored on the number of perseverative responses, and
the number of categories achieved.

Participants completed the California Verbal Learning
Test (CVLT-II) (Delis et al., 2000) as a measure of verbal

Table 1. Demographic characteristics of the study sample, and clinical characteristics
of the patient group (means = SD given where applicable)

Schizophrenia Healthy

patients controls )4
Age, years 46.3 = 10.5 43.2 = 8.4 34
Sex 13 male, 5 female 12 male, 6 female 72
Parental SES 429 +19.3 433 £17.3 .96
Years of education 126 £2.2 16.1 £24 <.0001
Age of onset, years 23.7+73 — —
Duration of illness, years 22.1+109 — —
Number of previous hospitalizations 59+54 — —
SANS Total (sum of subscale global ratings) 89 +42 — —
SAPS Total (sum of subscale global ratings) 35+34 — —
Negative Factor 83 +3.7 — —
Psychotic factor 22+£27 — —
Disorganized factor 1.7£25 — —
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Table 2. Proverbs comprising the D-KEFS Proverb test
(Delis et al., 2001)

. You can't judge a book by its cover.

. Don’t count your chickens before they are hatched.
Rome wasn't built in a day.

Too many cooks spoil the soup.

People who live in glass houses shouldn’t throw stones.
. An old ox plows a straight row.

. A small leak will sink a large ship.

. No bread is without a crust.

recall. This involves 5 trials in which the same list of 16
words (which can be grouped into 4 semantic clusters) is
presented; recall is assessed after each trial. The immediate
free recall score is the sum of the number of words recalled
after each of these 5 trials. Recall of this list is then also
assessed after administration of an intervening, different
list (short-delay free recall), and after a 20-minute delay
(long-delay free recall), with the scores being the number
of words recalled.

Participants also completed the Peabody Picture Vocab-
ulary Test (PPVT) (Dunn & Dunn, 1997) as a measure of
receptive vocabulary.

MMN

The MMN of the scalp-recorded electroencephalographic
ERP was elicited and recorded according to the procedure
described in additional detail in Light and Braff (2005a).
Participants were presented binaurally with 1-kHz 85-dB
tones with stimulus-onset asynchrony of 500 ms while they
watched a silent cartoon video; standard tones (P = .90) are
50 ms in duration, and deviant tones (P = .10) are 100 ms
in duration. For each participant, recording was terminated
after at least 225 artifact-free deviant trials were collected.
A difference ERP was formed by subtracting the average
ERP to standard stimuli from the average ERP to deviant
stimuli. MMN amplitude was measured as the mean ampli-
tude from 135-205 ms of the difference ERP, at the midline
frontal site Fz (according to the International 10-20 elec-
trode placement system) with the tip of the nose as reference.

Assessments of functional status

The Global Assessment of Functioning (GAF) scale (Amer-
ican Psychiatric Association, 2000) was used to assess
patients’ current overall psychological, social and occupa-
tional functional status via a single anchored measure. The
GAF Scale is divided into 10 ranges of functioning. Each
10-point range contains a description with 2 components:
(1) symptom severity and (2) functioning. A clinical rater
selects a score within a particular decile if either the symp-
tom severity or the level of functioning falls within that
range.

Patients’ everyday functioning was also assessed through
the UCSD Performance-Based Skills Assessment (UPSA)

(Patterson et al., 2001). In contrast to the GAF, the UPSA
directly measures functional skills, using standardized tasks
that are commonly encountered in everyday situations and
considered necessary for independent community living.
Participants role-play these tasks, which encompass 5
domains: general organization and planning, finance, com-
munication, transportation, and household chores. The exam-
iner assigns points for correct performance of different
components of each task. Subscale scores range from 0 to
20 points, and total scores range from 0 to 100 points.

Data analysis

To determine whether patients and controls differed on con-
tinuous dependent measures, independent-samples -tests
were performed, with the following exceptions. If the mea-
sure was not normally distributed for at least one group, the
Mann-Whitney test was used. If the measure was normally
distributed for both groups but variances were unequal,
Welch’s t-test was used. Normality was assessed by the
Shapiro-Wilk test. To determine whether patients and con-
trols differed on sex distribution (a categorical dependent
variable), a y? test was used.

To assess inter-rater reliability for the Proverb Test,
Cohen’s kappa was calculated for each proverb for the two
independent raters.

Within patients, pairwise correlations were calculated
among assessment scores. When both variables were nor-
mally distributed, Pearson’s correlation co-efficient » was
calculated; if at least one of the variables was not normally
distributed; Spearman’s rank-order co-efficient p was
calculated.

RESULTS

D-KEFS Proverb Test

Cohen’s kappa between the two independent raters for accu-
racy ratings ranged from 0.63 to 0.91 for the eight proverbs,
with a mean value of 0.83. Kappa for abstraction ratings
ranged from 0.68 to 1, with a mean value of 0.86. These
values confirmed high inter-rater reliability for both accu-
racy and abstraction ratings. The mean of the two raters’
scores was used in subsequent analyses.

Mean accuracy and abstraction scores for the two groups
are shown in Table 3. Patients scored lower than controls
on both measures. When analyzed with years of education
as a covariate, abstraction remained lower in patients than
in controls [F(1,33) = 4.83, p = .035], although accuracy
no longer differed significantly between the two groups
[F(1,33)=2.73,p=_.11].

Other Cognitive Measures
and Functional Measures

Mean scores on other cognitive measures and functional
measures for the two groups are also shown in Table 3.
Grand-average MMN ERPs for the two groups are shown
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Table 3. Mean scores (+=SD) on experimental measures for
schizophrenia patients, and healthy controls (where applicable)

Schizophrenia
patients

Healthy
controls p

D-KEFS proverb test (free inquiry)

Accuracy 9.7+2.6 12.6 £2.0 .0007

Abstraction 104 = 6.1 15314 .003
PPVT 173.1+£209 1879+82 .01
LNS® 8.8 3.6 10.8 £2.8 .03
WCST

Perseverative responses ~ 17.1 =13.3 125 +13.4 .08

Categories achieved 26x1.5 3.1+£15 .38
CVLT-II

Immediate free recall 424 +153 53.8+10.3 .01

Short-delay free recall 7.8 £3.0 11.8 £13.3 .0003

Long-delay free recall 8.6 3.7 122 £3.1  .003
MMN, uV -1.5%+1.0 —-25+0.8 .002
GAF 46.7 = 11.7 — —
UPSA 80.7 £ 14.1 — —

in Figure 1. Compared to controls, patients scored lower on
the PPVT, LNS, and CVLT-II, and had smaller MMN
amplitudes.

Correlations Between D-KEFS Proverb Test
Scores and Other Measures

For the patient group, D-KEFS Proverb Test accuracy and
abstraction scores were not significantly correlated with any
of the three symptom factors, as shown in Table 4. In addi-
tion, neither accuracy (p = —.16, p = .53) nor abstraction
(p = —.04, p = .86) was correlated with the Positive For-
mal Thought Disorder subscale of the SAPS. Correlations
of D-KEFS Proverb Test scores with cognitive and func-

-40 T T T T T }
-100 0 100 200 300 400 500

ms

Fig. 1. Grand-average difference waves formed by subtracting
average ERPs to standard tones from average ERPs to deviant
tones, for schizophrenia patients (n = 18; dashed line) and healthy
controls (n = 18; solid line), at electrode site Fz. ERPs are time-
locked to tone onset.
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Table 4. Spearman correlations of patient SANS/SAPS factor
scores with D-KEFS Proverbs Test accuracy and abstraction
ratings (n = 18)

Accuracy Abstraction
p p p p
Negative -.19 46 —.34 17
Psychotic .03 .90 15 .55
Disorganized .17 .50 .05 .83

tional measures are shown in Table 5 for patients, and in
Table 6 for controls. Patients’ accuracy and abstraction scores
were significantly correlated with more perseverative
responses on the WCST, lower PPVT scores, smaller MMN
amplitudes and lower UPSA scores. In addition, accuracy
was correlated with lower LNS and CVLT-II scores; and
abstraction was correlated with fewer categories achieved
on the WCST.

DISCUSSION

As expected based on previous literature, we found that
schizophrenia patients exhibited proverb interpretation def-
icits compared to matched controls, as indexed by lower
accuracy and abstraction scores on the D-KEFS Proverb
Test. In the patient group, both accuracy and abstraction
were significantly correlated with a greater number of per-
severative responses on the WCST, lower PPVT scores,
smaller MMN amplitudes, and lower UPSA scores. In addi-
tion, accuracy was correlated with lower LNS and CVLT-II
scores, and abstraction was correlated with fewer catego-
ries achieved on the WCST. However, neither accuracy nor
abstraction ratings were significantly correlated with patients’
disorganized, psychotic, or negative symptom factors.

In contrast to the predictions of the disorganized-
associations hypothesis, we did not find a correlation between
proverb interpretation deficits and disorganized symptoms.
According to this hypothesis, overactivation of remote
semantic associations, which is presumed to cause disorga-
nized speech, also causes proverb interpretation deficits.
More generally, the lack of any significant correlation
between proverb interpretation scores and disorganized, psy-
chotic or negative symptoms fits with the findings of Spon-
heim et al. (2003), and with the view that a variety of
cognitive deficits in schizophrenia are relatively indepen-
dent of positive and negative symptoms (Keefe et al., 2006).

However, our results do provide support for the
WDM-deficiency hypothesis of proverb interpretation defi-
cits in schizophrenia. The ability to produce a correct
response to a proverb—one that includes the standard
abstract interpretation of all the main elements—was cor-
related with LNS scores, consistent with a role for auditory
WM in proverb interpretation. The correlations of proverb
interpretation accuracy with working memory and execu-



Table 5. Pairwise correlations of D-KEFS Proverb Test scores and cognitive and functional measures, for schizophrenia patients. Correlations shown are Pearson’s » or Spearman’s

rank-order p (when in italics).

D-KEFS Proverb Test WCST CVLT-II
Perseverative Categories Immediate Short-delay Long-delay MMN,
Accuracy Abstraction PPVT LNS responses achieved free recall free recall free recall uv GAF UPSA
D-KEFS Proverb Test
Accuracy — .68°¢ 542 .66°¢ —.48 .38 S 54 .66°¢ —.46* 35 .65¢
Abstraction — .66¢ 31 —.48 472 .29 .27 .37 —.542 .36 492
PPVT — 473 —.62¢ .69¢ —.02 .25 .36 -.39 .35 42
LNS — —.70¢ 533 41 .64¢ .66°¢ -.29 37 .60°
WCST
Perseverative responses — —.894 -.28 —.53? —.54 .30 —.43 —.69¢
Categories achieved — .04 .26 27 —.05 .19 538
CVLT-1I
Immediate free recall — .874 764 —.45 .29 31
Short-delay free recall — .864 —.564 43 .38
Long-delay free recall — —.68¢ 462 .60°
MMN, uV — —.572 — 43
GAF — A4
UPSA —
ip < .05
bp < .01
cp < .005
dp < .001
Table 6. Pairwise correlations of D-KEFS Proverb Test scores and cognitive and functional measures, for healthy controls. Correlations shown are Pearson’s r or Spearman’s
rank-order p (when in italics).
D-KEFS Proverb Test WCST CVLT-II
Perseverative Categories Immediate Short-delay Long-delay MMN,
Accuracy Abstraction PPVT LNS responses achieved free recall free recall free recall Y%
D-KEFS Proverb Test
Accuracy — .35 542 3 —.05 —.08 —.14 —.05 .06 —.16
Abstraction — .26 .02 -.37 .16 40 43 .36 11
PPVT — 25 —.34 21 32 .29 .20 37
LNS — -.22 .48* .55 48 520 .30
WCST
Perseverative responses — —.71¢ —.47 —.60° —.482 —.12
Categories achieved — 28 2 .21 21
CVLT-II
Immediate free recall — .894 .844 22
Short-delay free recall — 784 23
Long-delay free recall — .32
MMN, uV -
ap < .05
bp < .01
cp < .005

dp <001
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tive function are in keeping with the conceptual integration
model, which implies that proverb comprehension requires
the ability to maintain and manipulate information from
multiple domains in WM while aligning mappings between
them (see Coulson & Van Petten, 2002). This account is
buttressed by the report that other higher mental processes
such as categorization and general language compre-
hension (Fauconnier & Turner, 2002), which depend on
conceptual integration processes, are also impaired in schizo-
phrenia in proportion to WM deficits (Bagner et al., 2003;
Condray et al., 1996; Glahn et al., 2000; Silver et al., 2003).

Although LNS scores were significantly correlated with
ratings of proverb accuracy, they were not significantly cor-
related with abstraction. This suggests that adequate WM
capacity may be necessary but not sufficient for proverb
interpretation, implicating other capacities in either select-
ing the correct abstract target domain or performing appro-
priate mappings between it and the source domain. These
other capacities may be related in some way to vocabulary,
as vocabulary was strongly correlated with both accuracy
and abstraction, and has also been reported elsewhere to be
associated with proverb interpretation ability in schizophre-
nia patients (Brune & Bodenstein, 2005; Carpenter & Chap-
man, 1982; Shimkunas et al., 1966; Sponheim et al., 2003).
It is unlikely that low vocabulary per se prevented patients
from understanding individual words in the tested prov-
erbs, since all of these words were likely within the func-
tional vocabulary of the patients. It is possible, however,
that vocabulary indexes general world knowledge—
including knowledge about the types of abstract domains
that people commonly use proverbs to describe—and that
the disease process impairs development, maintenance,
and/or quick access to this type of knowledge.

Lower proverb accuracy and abstraction ratings were both
associated with reduced MMN amplitudes and with poorer
skills of daily functioning (as measured by the UPSA), but
not with a clinician-rated measure of global functional sta-
tus (the GAF). In addition, MMN amplitudes were associ-
ated with GAF scores but not with UPSA scores. Thus,
some of these variables shared significant variance but oth-
ers did not, as represented diagrammatically in Figure 2.

N2

Proverbs

N

Fig. 2. Venn diagram representing shared variance between vari-
ables as the area of overlap between circles (Cohen & Cohen,
1983).
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Proverb interpretation may have been significantly associ-
ated with UPSA scores but not GAF scores because the
GAF is a less direct indicator of deficits in functional skills
than is the UPSA (see McKibbin et al. (2004) for a review
of the different characteristics and biases of different types
of functional measures). Our data are also consistent with
the possibility that MMN reflects processes which affect
GAF through one set of mediating mechanisms, and affect
UPSA through another, although the present study was not
designed to test such causal hypotheses.

The correlation of proverb interpretation deficits with
both decreased MMN amplitudes and impaired functional
skills raises the possibility that some process or processes
necessary for proverb interpretation also may mediate the
previously reported association between reduced MMN and
poorer everyday functioning in schizophrenia patients (Light
& Braff, 2005a). One candidate for such a process might be
deficits in auditory verbal memory, which have been found
to be associated with reduced MMN amplitudes in schizo-
phrenia (Kawakubo et al., 2006). Thus, it may be that audi-
tory sensory-memory encoding deficits contribute to a
reduced capacity for short-term storage of verbal informa-
tion, which could in turn interfere not only with proverb
interpretation, but also with everyday tasks, like those tested
in the UPSA, that involve the use of linguistic information.
This conjecture is also supported by the correlations observed
in our patient sample between reduced MMN amplitudes
and the ability to recall verbal information as tested by the
CVLT-II. Further work is necessary to confirm whether the
relationship between decreased MMN amplitude, deficits
in higher cognitive functions such as proverb interpreta-
tion, and functional impairment is causal, and, if so, to clar-
ify the mediating mechanisms.

Alternatively, difficulties with proverb interpretation might
be correlated with both decreased MMN and impaired func-
tional skills not because these deficits are causally linked,
but because they are all independently related to some other
process. Our overall results, in combination with previous
findings, are consistent with these deficits forming part of a
syndrome of abnormalities in schizophrenia related to gen-
eralized frontal cortical dysfunction. First, we found that
proverb interpretation difficulties in schizophrenia patients
were correlated both with WM deficits, and with a
commonly-used measure of executive function (the WCST).
Multiple lines of evidence suggest that WM deficits in
schizophrenia are mediated by prefrontal cortical dysfunc-
tion (Barch et al., 2002; Goldman-Rakic & Selemon, 1997).
These deficits have in turn been proposed to underpin impair-
ments in more complex cognitive tasks, such as executive
function and abstract reasoning, that are also associated
with frontal lobe pathology (Gold et al., 1997; Goldman-
Rakic & Selemon, 1997; Kremen et al., 2004). Second,
there is evidence that decreased MMN amplitude in schizo-
phrenia, which we found to be correlated with proverb inter-
pretation difficulties, reflects a specific deficiency in a
prefrontal cortical neural generator (Baldeweg et al., 2002;
Naatanen, 2003; Sato et al., 2003). Third, additional sup-
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port for a frontal-lobe mechanism for proverb interpreta-
tion deficits comes from their increased prevalence in
dementia of the frontal type in particular (Moretti et al.,
2002), and from the association of frontal lobe disease with
deficits in figurative language comprehension and in ana-
logical reasoning (Cacciari et al., 2006; Morrison et al.,
2004). Taken together, these results are consistent with the
view that proverb interpretation deficits in schizophrenia
are one manifestation of generalized frontal cortical
pathology.

ACKNOWLEDGMENTS

This study was supported by grants HD22614 and NIA08313 to
M. Kutas, a grant from the Department of Veteran Affairs (VISN
22 Mental Illness Research, Education and Clinical Center), and
grants MH042228 and MHO065571 from the National Institute of
Mental Health. M. Kiang is supported by a Canadian Institutes of
Health Research Postdoctoral Fellowship. M. Kutas was a Lady
Davis Fellow at Hebrew University during the writing of this manu-
script. We thank Barbara Haugeland, Sheldrick Holmes, Katrin
Meyer-Gomes, Pete Sharp, Joyce Sprock, and Kari Tweedale for
technical assistance.

REFERENCES

American Psychiatric Association. (2000). Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-IV-TR). Washington,
DC: American Psychiatric Association.

Andreasen, N.C. (1977). Reliability and validity of proverb inter-
pretation to assess mental status. Comprehensive Psychiatry,
18, 465-472.

Andreasen, N.C. (1984a). Scale for the Assessment of Negative
Symptoms. lowa City, IA: University of lowa.

Andreasen, N.C. (1984b). Scale for the Assessment of Positive
Symptoms. lowa City, IA: University of lowa.

Baddeley, A. (1992). Working memory. Science, 255, 556-559.

Bagner, D.M., Melinder, M.R., & Barch, D.M. (2003). Language
comprehension and working memory language comprehen-
sion and working memory deficits in patients with schizophre-
nia. Schizophrenia Research, 60, 299-309.

Baldeweg, T., Klugman, A., Gruzelier, J.H., & Hirsch, S.R. (2002).
Impairment in frontal but not temporal components of mis-
match negativity in schizophrenia. International Journal of Psy-
chophysiology, 43, 111-122.

Barch, D.M., Csernansky, J.G., Conturo, T., & Snyder, A.Z. (2002).
Working and long-term memory deficits in schizophrenia: Is
there a common prefrontal mechanism? Journal of Abnormal
Psychology, 111, 478—494.

Braff, D.L. & Beck, A.T. (1974). Thinking disorder in depression.
Archives of General Psychiatry, 31, 456—459.

Braff, D.L. & Light, G.A. (2004). Preattentional and attentional
cognitive deficits as targets for treating schizophrenia. Psycho-
pharmacology (Berlin), 174, 75-85.

Bruder, G.E., Wexler, B.E., Sage, M.M., Gil, R.B., & Gorman,
JM. (2004). Verbal memory in schizophrenia: additional evi-
dence of subtypes having different cognitive deficits. Schizo-
phrenia Research, 68, 137-147.

Brune, M. & Bodenstein, L. (2005). Proverb comprehension
reconsidered—*"“theory of mind” and the pragmatic use of

language in schizophrenia. Schizophrenia Research, 75,
233-239.

Buss, A.H. & Lang, P.J. (1965). Psychological Deficit in Schizo-
phrenia: 1. Affect, Reinforcement, and Concept Attainment.
Journal of Abnormal Psychology, 70, 2-24.

Cacciari, C., Reati, F.,, Colombo, M.R., Padovani, R., Rizzo, S., &
Papagno, C. (2006). The comprehension of ambiguous idioms
in aphasic patients. Neuropsychologia, 44, 1305-1314.

Carpenter, B.N. & Chapman, L.J. (1982). Premorbid status in
schizophrenia and abstract, literal, or autistic proverb interpre-
tation. Journal of Abnormal Psychology, 91, 151-156.

Cohen, J. & Cohen, P. (1983). Applied multiple regression/
correlation analysis for the behavioral sciences. Hillsdale, NJ:
L. Erlbaum Associates.

Condray, R., Steinhauer, S.R., van Kammen, D.P., & Kasparek, A.
(1996). Working memory capacity predicts language compre-
hension in schizophrenic patients. Schizophrenia Research, 20,
1-13.

Coulson, S. & Oakley, T. (2000). Blending basics. Cognitive Lin-
guistics, 11, 175-196.

Coulson, S. & Van Petten, C. (2002). Conceptual integration and
metaphor: An event-related potential study. Memory and Cog-
nition, 30, 958-968.

Daban, C., Amado, L., Bayle, F., Gut, A., Willard, D., Bourdel,
M.C., Loo, H., Olie, J.P., Millet, B., Krebs, M.O., & Poirier,
M.F. (2002). Correlation between clinical syndromes and neuro-
psychological tasks in unmedicated patients with recent onset
schizophrenia. Psychiatry Research, 113, 83-92.

Delis, D.C., Kaplan, E., & Kramer, J.H. (2001). The Delis-Kaplan
Executive Function System: Technical Manual. San Antonio,
TX: The Psychological Corporation.

Delis, D.C., Kramer, J.H., Kaplan, E., & Ober, B.A. (2000). Cal-
ifornia Verbal Learning Test (CVLT-11) Manual (2nd ed.). San
Antonio, TX: The Psychological Corporation.

Dunn, L.M. & Dunn, L.M. (1997). Peabody Picture Vocabulary
Test (3rd ed.). Circle Pines, MN: American Guidance Service.

Fauconnier, G. & Turner, M. (1998). Conceptual integration net-
works. Cognitive Science, 22, 133-187.

Fauconnier, G. & Turner, M. (2002). The Way We Think: Concep-
tual Blending and the Mind’s Hidden Complexities. New York:
Basic Books.

First, M.B., Spitzer, R.L., Gibbon, M., & Williams, J.B.W. (1995).
Structured Clinical Interview for DSM-1V Axis I Disorders
(SCID). Washington, DC: American Psychiatric Press.

Gibbs, R.W., Jr. & Beitel, D. (1995). What proverb understanding
reveals about how people think. Psychological Bulletin, 118,
133-154.

Gick, M.L. & Holyoak, K.J. (1983). Schema induction and ana-
logical transfer. Cognitive Psychology, 15, 1-38.

Glahn, D.C., Cannon, T.D., Gur, R.E., Ragland, J.D., & Gur, R.C.
(2000). Working memory constrains abstraction in schizophre-
nia. Biological Psychiatry, 47, 34—42.

Glucksberg, S. (2003). The psycholinguistics of metaphor. Trends
in Cognitive Science, 7, 92-96.

Gold, J.M., Carpenter, C., Randolph, C., Goldberg, T.E., & Wein-
berger, D.R. (1997). Auditory working memory and Wisconsin
Card Sorting Test performance in schizophrenia. Archives of
General Psychiatry, 54, 159-165.

Goldman-Rakic, P.S. & Selemon, L.D. (1997). Functional and
anatomical aspects of prefrontal pathology in schizophrenia.
Schizophrenia Bulletin, 23, 437-458.

Goldstein, K. (1944). Methodological approach to the study of



10

schizophrenic thought disorder. In J.S. Kasanin (Ed.), Lan-
guage and Thought in Schizophrenia. Berkeley, CA: Univer-
sity of California Press.

Gorham, D.R. (1956). Use of the proverbs test for differentiating
schizophrenics from normals. Journal of Consulting Psychol-
0gy, 20, 435-440.

Haaland, K.Y., Vranes, L.F., Goodwin, J.S., & Garry, P.J. (1987).
Wisconsin Card Sort Test performance in a healthy elderly
population. Journal of Gerontology, 42, 345-346.

Halford, G.S., Wilson, W.H., & Phillips, S. (1998). Processing
capacity defined by relational complexity: Implications for com-
parative, developmental, and cognitive psychology. Behav-
ioral and Brain Sciences, 21, 803—-831; discussion 831-864.

Harrow, M., Tucker, G.J., & Adler, D. (1972). Concrete and idio-
syncratic thinking in acute schizophrenic patients. Archives of
General Psychiatry, 26, 433—439.

Hartman, M., Steketee, M.C., Silva, S., Lanning, K., & Anders-
son, C. (2003). Wisconsin Card Sorting Test performance in
schizophrenia: The role of working memory. Schizophrenia
Research, 63, 201-217.

Hauser, R.M. & Warren, J.R. (1996). A Socioeconomic Index for
Occupations in the 1990 Census, Working Paper #96-01. Mad-
ison, WI: Center for Demography and Ecology, University of
Wisconsin.

Heaton, R.K., Chelune, G.J., Talley, J.L., Kay, G.G., & Curtiss, G.
(1993). Wisconsin Card Sorting Test Manual. Odessa, FL: Psy-
chological Assessment Resources.

Hummel, J.E. & Holyoak, K.J. (2003). A symbolic-connectionist
theory of relational inference and generalization. Psychologi-
cal Review, 110, 220-264.

Javitt, D.C., Doneshka, P., Grochowski, S., & Ritter, W. (1995).
Impaired mismatch negativity generation reflects widespread
dysfunction of working memory in schizophrenia. Archives of
General Psychiatry, 52, 550-558.

Javitt, D.C., Strous, R.D., Grochowski, S., Ritter, W., & Cowan,
N. (1997). Impaired precision, but normal retention, of audi-
tory sensory (“echoic”) memory information in schizophrenia.
Journal of Abnormal Psychology, 106, 315-324.

Kawakubo, Y. & Kasai, K. (2006). Support for an association
between mismatch negativity and social functioning in schizo-
phrenia. Progress in Neuropsychopharmacology and Biologi-
cal Psychiatry, 30, 1367-1368.

Kawakubo, Y., Kasai, K., Kudo, N., Rogers, M.A., Nakagome, K.,
Itoh, K., & Kato, N. (2006). Phonetic mismatch negativity pre-
dicts verbal memory deficits in schizophrenia. Neuroreport,
17, 1043-1046.

Kay, S.R., Opler, L.A., & Lindenmayer, J.P. (1989). The Positive
and Negative Syndrome Scale (PANSS): Rationale and stan-
dardisation. British Journal of Psychiatry Supplement, 7, 59—67.

Keefe, R.S., Bilder, R.M., Harvey, P.D., Davis, S.M., Palmer, B.W.,
Gold, M., Meltzer, H.Y., Green, M.E., Miller, D.D., Canive,
J M., Adler, L.W., Manschreck, T.C., Swartz, M., Rosenheck,
R., Perkins, D.O., Walker, T.M., Stroup, T.S., McEvoy, J.P.,, &
Lieberman, J.A. (2006). Baseline Neurocognitive Deficits in
the CATIE Schizophrenia Trial. Neuropsychopharmacology,
31, 2033-2046.

Kostova, M., Passerieux, C., Laurent, J.P., & Hardy-Bayle, M.C.
(2005). N400 anomalies in schizophrenia are correlated with
the severity of formal thought disorder. Schizophrenia Research,
78, 285-291.

Kremen, W.S., Seidman, L.J., Faraone, S.V., Toomey, R., & Tsu-
ang, M.T. (2004). Heterogeneity of schizophrenia: A study of

M. Kiang et al.

individual neuropsychological profiles. Schizophrenia Research,
71, 307-321.

Kurtz, M.M. & Wexler, B.E. (2006). Differences in performance
and learning proficiency on the Wisconsin Card Sorting Test in
schizophrenia: Do they reflect distinct neurocognitive sub-
types with distinct functional profiles? Schizophrenia Research,
81, 167-171.

Lee, J. & Park, S. (2005). Working memory impairments in schizo-
phrenia: A meta-analysis. Journal of Abnormal Psychology,
114,599-611.

Light, G.A. & Braff, D.L. (2005a). Mismatch negativity deficits
are associated with poor functioning in schizophrenia patients.
Archives of General Psychiatry, 62, 127-136.

Light, G.A. & Braff, D.L. (2005b). Stability of mismatch negativ-
ity deficits and their relationship to functional impairments in
chronic schizophrenia. American Journal of Psychiatry, 162,
1741-1743.

Light, G.A., Swerdlow, N.R., & Braff, D.L. (in press). Preatten-
tive sensory processing as indexed by the MMN and P3a brain
responses is associated with cognitive and psychosocial func-
tioning in healthy adults. Journal of Cognitive Neuroscience.

McGrath, J., Chapple, B., & Wright, M. (2001). Working memory
in schizophrenia and mania: Correlation with symptoms dur-
ing the acute and subacute phases. Acta Psychiatrica Scandi-
navica, 103, 181-188.

McKibbin, C.L., Brekke, J.S., Sires, D., Jeste, D.V., & Patterson,
T.L. (2004). Direct assessment of functional abilities: Rele-
vance to persons with schizophrenia. Schizophrenia Research,
72, 53-67.

Melinder, M.R. & Barch, D.M. (2003). The influence of a work-
ing memory load manipulation on language production in
schizophrenia. Schizophrenia Bulletin, 29, 473—485.

Michie, P.T. (2001). What has MMN revealed about the auditory
system in schizophrenia? International Journal of Psychophys-
iology, 42, 177-194.

Miller, D.D., Arndt, S., & Andreasen, N.C. (1993). Alogia, atten-
tional impairment, and inappropriate affect: Their status in the
dimensions of schizophrenia. Comprehensive Psychiatry, 34,
221-226.

Moretti, R., Torre, P., Antonello, R.M., Cazzato, G., & Bava, A.
(2002). Ten-Point Clock Test: A correlation analysis with other
neuropsychological tests in dementia. International Journal of
Geriatric Psychiatry, 17, 347-353.

Moritz, S., Mersmann, K., Kloss, M., Jacobsen, D., Wilke, U.,
Andresen, B., Naber, D., & Pawlik, K. (2001). “Hyper-priming”
in thought-disordered schizophrenic patients. Psychological
Medicine, 31, 221-229.

Moritz, S., Woodward, T.S., Kuppers, D., Lausen, A., & Schickel,
M. (2003). Increased automatic spreading of activation in
thought-disordered schizophrenic patients. Schizophrenia
Research, 59, 181-186.

Morrison, R.G., Krawczyk, D.C., Holyoak, K.J., Hummel, JE.,
Chow, T.W., Miller, B.L., & Knowlton, B.J. (2004). A neuro-
computational model of analogical reasoning and its break-
down in frontotemporal lobar degeneration. Journal of Cognitive
Neuroscience, 16, 260-271.

Naatanen, R. (2003). Mismatch negativity: Clinical research and
possible applications. International Journal of Psychophysiol-
0gy, 48, 179-188.

Naatanen, R., Gaillard, A.W., & Mantysalo, S. (1978). Early
selective-attention effect on evoked potential reinterpreted. Acta
Psychologica (Amsterdam), 42, 313-329.



Proverb interpretation in schizophrenia

Naatanen, R., Paavilainen, P., Alho, K., Reinikainen, K., & Sams,
M. (1989). Do event-related potentials reveal the mechanism
of the auditory sensory memory in the human brain? Neurosci-
ence Letters, 98, 217-221.

Patterson, T.L., Goldman, S., McKibbin, C.L., Hughs, T., & Jeste,
D.V. (2001). UCSD Performance-Based Skills Assessment:
Development of a new measure of everyday functioning for
severely mentally ill adults. Schizophrenia Bulletin, 27,235-245.

Reed, J.L. (1968). The proverbs test in schizophrenia. British Jour-
nal of Psychiatry, 114, 317-321.

Reich, J.H. (1981). Proverbs and the modern mental status exam.
Comprehensive Psychiatry, 22, 528-531.

Sato, Y., Yabe, H., Todd, J., Michie, P., Shinozaki, N., Sutoh, T.,
Hiruma, T., Nashida, T., Matsuoka, T., & Kaneko, S. (2003).
Impairment in activation of a frontal attention-switch mecha-
nism in schizophrenic patients. Biological Psychology, 62,
49-63.

Shimkunas, A.M., Gynther, M.D., & Smith, K. (1966). Abstract-
ing ability of schizophrenics before and during phenothiazine
therapy. Archives of General Psychiatry, 14, 79-83.

11

Shimkunas, A.M., Gynther, M.D., & Smith, K. (1967). Schizo-
phrenic responses to the Proverbs Test: Abstract, concrete, or
autistic? Journal of Abnormal Psychology, 72, 128—133.

Silver, H., Feldman, P., Bilker, W., & Gur, R.C. (2003). Working
memory deficit as a core neuropsychological dysfunction
in schizophrenia. American Journal of Psychiatry, 160,
1809-1816.

Spitzer, M., Braun, U., Hermle, L., & Maier, S. (1993). Associa-
tive semantic network dysfunction in thought-disordered schizo-
phrenic patients: Direct evidence from indirect semantic priming.
Biological Psychiatry, 34, 864—877.

Sponheim, S.R., Surerus-Johnson, C., Leskela, J., & Dieperink,
M.E. (2003). Proverb interpretation in schizophrenia: the sig-
nificance of symptomatology and cognitive processes. Schizo-
phrenia Research, 65, 117-123.

Waltz, J.A., Lau, A., Grewal, S.K., & Holyoak, K.J. (2000). The
role of working memory in analogical mapping. Memory and
Cognition, 28, 1205-1212.



