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Abstract

Research indicates that some patients with schizophrenia display aberrant inhibition of semantic memory, which may
underpin formal thought disorder (FTD). We administered a novel Stroop-like paradigm to three groups of participants: 15
schizophrenic patients with formal thought disorder (FTD), 16 with low FTD ratings, and 15 healthy matched controls. They
were required to inhibit a prepotent response for a (previously instructed) required response. Four conditions examined the
effect of executive demands by manipulating the relatedness between prepotent and required responses (i.e., identical,
semantically related, or unrelated). Two further conditions examining executive function working memory demands required
the naming of real or abstract pictures that did and did not necessitate inhibition, respectively. Patients with and without FTD
experienced increased difficulty when executive function working memory was required. Moreover, those with FTD also
showed increased executive inhibition, but the pattern of errors suggested that the result of this was an automatic activation of
semantically related representations. The findings support the notion that increased inhibition underpins the disorganised access
to semantic memory in patients with FTD.
© 2004 Published by Elsevier B.V.
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1. Introduction

Accumulating evidence points to an impairment of
semantic memory in patients with schizophrenia (e.g.,
Gabrovska et al., 2003; Laws et al., 2000; McKay et al.,
1996). Moreover, semantic memory impairment has
been be linked to schizophrenic symptoms and, in
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particular, formal thought disorder (FTD), a cardinal
symptom of schizophrenia characterised by disturban-
ces in the structure, organisation, and coherence of
speech (see metaanalysis by Kerns and Berenbaum,
2002).

Most models of semantic memory assume that
semantic knowledge is organised as a network of
associated concepts (Collins and Loftus, 1975). Within
this framework, concepts are represented as memory
nodes, and relations are represented as associative
pathways between nodes. Activation in any part of the
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memory network therefore spreads along the associa-
tive pathways to related memory areas. Based on
network theories of semantics, Maher (1983) proposed
that spreading activation may be increased (or inhib-
ition decreased) in schizophrenia, resulting in the
intrusion of activated associations into speech which,
in turn, manifests as a loss of intelligibility of speech.
Others have argued that disorganised activation within
the semantic network itself may underlie FTD (Gold-
berg and Weinberger, 2000; Hoffman, 1987). In
contrast to the notion of increased spreading activa-
tion, disorganisation reflects failures in activation or
increases in inhibition of words or representations
closely related in a semantic network, necessitating
spread of activation to another more ‘distant’ sector of
a network.

Although inhibition often describes a multitude of
cognitive processes, inhibition of prepotent or salient
cognitive response has been reported as abnormal in
schizophrenia (e.g., Waters et al., 2003). Both
disorganisation and increased spreading activation
theories of semantic memory in schizophrenia have
been proposed as indicators of abnormal inhibition.
Nevertheless, whilst the increased activation hypoth-
esis proposes that inhibition is decreased, resulting in
spreading of semantic activation to more distantly
related semantic nodes in the network, the disorgan-
ised activation hypothesis suggests that more distantly
related nodes are activated because of an increase in
inhibition of closely related nodes.

Increased interference on incongruent trials of the
Stroop task has been documented for schizophrenic
patients, suggesting that they have greater difficulty
inhibiting the prepotent but incorrect response (Barch
etal., 1999; Carter et al., 1992). Moreover, Barch et al.
(1999) also found this result correlated with disorgan-
ised speech symptoms. Nevertheless, others have
reported no greater Stroop interference for schizo-
phrenics than controls (Taylor et al., 1996; Jensterle et
al., 2000), including two studies of drug-naive patients
(Chen et al., 2001; Carter et al., 1992).

Some inhibitory processes may be linked to
executive function. Norman and Shallice (1980)
propose that executive function is necessary in tasks
that require the subject to overcome strong habitual
responses in order to prevent inappropriate responses
from gaining control of the action sequence. Thus, the
inhibition required in most of the aforementioned tasks

and inhibition resulting from context use appear to be
executive inhibition. Identifying the nature of inhib-
ition in each experimental paradigm therefore seems
essential, because if abnormalities are restricted to
subcomponents of the executive system, not all
inhibitory mechanisms should be affected. Because
executive function working memory may be specifi-
cally impaired in schizophrenia and possibly interact
with reduced inhibition, the importance of using tasks
that can dissociate the various functions is clear. Hence,
tasks such as the Wisconsin card sort task can be
viewed as tapping working memory, inhibition, and
executive function, making it difficult to determine
which function(s) is impaired (Laws, 1999).

In a metaanalysis of studies utilising executive
function tasks, Kerns and Berenbaum (2002) found
that two specific executive functions, inhibition (the
suppression of inappropriate thoughts/behaviours) and
context memory (maintenance of goal relevant infor-
mation in performing the task), were significant
moderators of the association between FTD and
executive task performance. Context memory appears
to be analogous to executive function working
memory, and the results suggest that the executive
system may underlie both deficits.

In summary, equivocal evidence exists for im-
paired inhibition in schizophrenia and specifically
FTD. Inhibition that acts under the control of the
central executive in situations that require suppression
of a prepotent response has been suggested to be
specifically impaired and related to FTD. Further-
more, a second executive function component, exec-
utive function working memory, may be impaired in
schizophrenia/FTD. This study uses a novel Stroop-
like paradigm in an attempt to tease apart the relative
executive function working memory and executive
inhibition problems that may be relate to FTD.

2. Method
2.1. Subjects

Forty-six subjects participated: 15 schizophrenic
patients with high ratings of FTD (defined as a score of
3+ for global thought disorder derived from all items of
the CASH; Andreasen et al., 1992); 16 schizophrenic
patients with low ratings of FTD (defined as scoring 0—
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2 for global thought disorder on the CASH); and 15
healthy controls. All patients fulfilled the Research
Diagnostic Criteria (Spitzer et al., 1978) for schizo-
phrenia. All had normal or corrected-to-normal vision,
spoke English as their first language, and had no known
history of head injury, neurological disorder, and drug
or alcohol misuse. Patients showed a range of illness
severity, some were living independently or with
minimal support, others lived in sheltered accommo-
dation or in rehabilitation units, and the remainder were
chronically hospitalised. The groups were matched (see
Table 1) for age, sex, and NART IQ (Nelson, 1982).

3. Method and procedure

Six pairs of images were used (see Fig. 1). Each
measured 22X 15 cm, presented both as single lami-
nated sheets for instruction purposes, and displayed on
a laptop computer screen for the reaction time task
(using visual basic). On the initiation of each trial (i.e.,
as the picture was displayed), verbal responses were
recorded as a separate sound file on the computer hard
drive using the laptop built-in microphone. Each
response was later analysed in the acoustic analysis
program Soundforge™, allowing accurate measure-
ment of the latency from image presentation to onset of
vocalisation of the response.

In each condition, the two prime pictures were
sequentially presented on laminated cards, and partic-
ipants were taught the required verbal response for
each prime. The order of condition presentation was
counterbalanced across participants. The computerised
version of the task was administered only when
subjects had demonstrated that they could generate
the correct response to each pair of cards (given the
simplicity of the task, the criterion used was 100%
correct score on one occasion); when completed, the
next pair was begun and so on for the six pairs. Each

condition consisted of two pretest practices and 14
experimental trials. The two pictures were presented in
the same pseudorandom order for all subjects and all
conditions (AB, BABAABBAABAB). Subjects were
immediately informed of incorrect responses and
reminded of the required (incorrect) response during
practice and experimental trials. Each prime picture
was displayed for a maximum of 10 s, with an intertrial
interval of 2 s.

The task conditions varied in their demands on
executive inhibition and executive function working
memory. Four conditions (INH1, INH2, INH3, and
INH4) required the inhibition of a prepotent response,
naming; the remaining two conditions (NAM and
MEM) did not necessitate inhibition. In the case of the
NAM condition, this was because the subject was
required to name the item portrayed in the image. In
the MEM condition, the abstract patterns used were
not considered to evoke a name and therefore would
not necessitate inhibition of such a name. A previous
study using this paradigm in children (Simpson and
Riggs, in press) indicated that the required inhibition
is greater in the INH1 and INH2 condition (where the
prepotent and required responses are from the same
set). It is hypothesised that the INH3 condition will
also require greater inhibition, because the prepotent
responses are semantically related to the incorrect
required responses and that this may have a greater
impact on the thought-disordered group. Five con-
ditions (INH1, INH2, INH3, INH4, and MEM) placed
increased demands on executive function working
memory over the naming condition, NAM.

4. Results

Mean reaction times for correct responses and
numbers of errors in each condition are shown in
Table 2. The mean of all conditions requiring

Table 1
Demographic and clinical characteristics of the groups

High FTD Low FTD Healthy controls
Age 49.80 (9.43) 41.63 (9.95) 42.60 (11.12) F,43=2.85, ns
NART 1Q 106.53 (14.95) 102.63 (9.88) 106.53 (10.52) F>43=0.55, ns
Ratio M/F 12/3 12/4 11/4
FTD Rating 3.60 (1.02) 0.25 (0.68) -

Standard deviations given in parenthesis.
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Condition|Working|Inhibition| Prepotent and Response Primes Required
memory incorrect choices response
required
response
. “qun’”
INH1 Yes Yes Identical Semantically
related
“moon”
| “book’
INH2 Yes Yes Identical Unrelated
Y| -
) “fork”
INH3 Yes Yes Semantically Unrelated
related
_— “chair”
INH4 Yes Yes Unrelated Unrelated
fi
“fox”
MEM Yes No
I
btk wdivnd
NAM No No
G| plae”

Fig. 1. Primes and required responses for each condition.

inhibition was calculated for each subject (INH1+IN-
H2+INH3+INH4) and was termed X-INH.

4.1. Executive function working memory

4.1.1. RTs

A mixed ANOVA examining RT was performed
with group entered as a between subjects factor
(healthy controls, schizophrenics), and memory
requirement entered as a within subjects factor
(NAM, MEM). This revealed a significant main effect
of memory (F43=13.06, p<0.001) and a group-by-
memory requirement interaction (F; 44 =4.14,
p<0.05). Paired ¢-tests revealed no significant RT
increase for controls when working memory was

required (NAM vs. MEM, ¢4,=1.49, ns), and a
significant RT increase when working memory was
required both for the low FTD (NAM vs. MEM,
t15=3.41, p<0.01) and the high-FTD group (NAM vs.
MEM, ¢,4=2.20, p<0.05).

4.1.2. Errors

A mixed ANOVA examining errors' with memory
(NAM, MEM) as the within subjects factor and group
as the between subjects factor (controls, low FTD,
high FTD) revealed a significant main effect of

! Error analyses were repeated using various transformations,
but all produced the same outcomes reported here.



V.C. Leeson et al. / Schizophrenia Research xx (2004) xxx—xxx 5

Table 2
Mean (standard deviation) reaction times and errors in each condition
Inhibition Working Required Mean RTs* Mean errors*

memory - response Controls ~ Low FTD  High FTD  Controls ~ Low FTD  High FTD
INHI  Yes Yes Identical 0.70 (0.16) 1.04 (0.41) 1.26 (0.73) 0.95 (2.51) 0.00 (0.00) 4.37 (7.08)
INH2  Yes Yes Identical 0.70 (0.11) 1.06 (0.42) 1.29 (0.57) 0.48 (1.84) 0.00 (0.00) 2.10 (4.55)
INH3  Yes Yes Semantically related 0.66 (0.11) 1.06 (0.38) 1.37 (0.58) 1.47 (3.04) 4.46 (8.99) 18.94 (23.98)
INH4  Yes Yes Semantically unrelated  0.55 (0.09) 0.90 (0.29) 1.22 (0.55) 0.00 (0.00) 0.97 (2.65) 11.39 (23.25)
S-INH Yes Yes - 0.65 (0.09) 1.02 (0.34) 1.29 (0.51) 0.72 (0.92) 1.36 (0.92) 9.20 (13.67)
MEM  No Yes Semantically unrelated 0.55 (0.11) 0.85 (0.26) 1.11 (0.72) 0.48 (1.84) 1.59 (3.51) 5.86 (8.86)
NAM  No No 0.52 (0.06) 0.69 (0.15) 0.87 (0.41) 0.00 (0.00) 0.48 (1.92) 0.48 (1.84)

memory (£43=10.22, p<0.01) and a significant
group-by-memory interaction (F,43=4.44, p<0.05).
Paired ¢-tests showed that only the high-FTD group
made significantly more errors in the MEM than
NAM conditions (14=2.60, p<0.05).

4.2. Inhibition

4.2.1. RT

A mixed ANOVA examining RT with group
entered as a between subjects factor (healthy controls,
low FTD, and high FTD) and inhibition entered as a
within subjects factor (MEM, X-INH) revealed a
significant main effect for inhibition (F;43=13.81,
p<0.001) but no significant interaction (F,43=0.27,
ns). Paired 7-tests revealed that there was a significant
increase in RT when subjects were additionally
required to inhibit a prepotent response in the control
group (MEM vs. 2-INH, ¢,,=5.15, p<0.001) and in the
low-FTD group (MEM vs. 2-INH, #,5=2.99, p<0.01).
In contrast, the high-FTD group showed no significant
increase when inhibition of a prepotent response was
additionally required (MEM vs. 3-INH, #,4,=1.63, ns).

4.2.2. Errors

Paired #-tests revealed that errors were not signifi-
cantly increased in any group when inhibition of a
prepotent response was required (MEM vs. 3-INH).

4.3. Level of semantic relatedness

4.3.1. RTs

For the inhibition conditions, no group showed a
significant difference in RT or errors when the two
required responses were semantically related com-
pared to semantically unrelated (INH1 vs. INH2). RTs

were significantly longer when the prepotent and
incorrect required response were identical or seman-
tically related than when they were semantically
unrelated for the controls (INH1 vs. INH4, £,4,=3.96,
»<0.001; INH2 vs. INH4, 7,,=5.05, p<0.001; INH3
vs. INH4, #,4=4.03, p<0.001) and the low-FTD group
(INH1 vs. INH4, 7,5=2.82, p<0.01; INH2 vs. INH4,
t15=2.10, p<0.05; INH3 vs. INH4, 7,5=2.61, p<0.05).
For the high-FTD group, no significant RT difference
occurred between the conditions where the prepotent
and incorrect required responses were identical or
semantically related and the semantically unrelated
condition (INH2 vs. INH4, #,,=0.44, ns; INHI1 vs.
INH4, #,4=0.25, ns; INH3 vs. INH4, #,4=1.10, ns).

4.3.2. Errors

Paired ¢-tests showed that the high-FTD group made
more errors when the incorrect required responses were
semantically related to the prepotent responses com-
pared to when they were semantically unrelated (INH3
vs. INH4: #,4,=3.29, p<0.01), but not for the identical
conditions compared to the semantically unrelated
condition (INHI1 vs. INH4: #,4=—1.40, ns; INH2 vs.
INH4: t,,=—1.47, ns). Neither the controls nor the low-
FTD group showed an increase in errors when
incorrect required responses were identical or seman-
tically related to the prepotent responses. These differ-
ences in errors between the groups across inhibition
conditions are shown in Table 3.

5. Discussion
Comparisons across conditions revealed that exec-

utive function working memory demands had no effect
on RT or errors for controls. By contrast however, both
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Table 3
The mean (standard deviation) percentage errors for each group in
the four inhibition conditions

Healthy controls Low FTD High FTD

M (S.D.) M (S.D.) M (S.D.)
INHI 0.95 (2.51) 0.00 (0.00) 437 (7.08)
INH2 0.48 (1.84) 0.00 (0.00) 2.10 (4.55)
INH3 1.47 (3.04) 4.46 (8.99) 18.94 (23.98)
INH4 0.00 (0.00) 0.97 (2.65) 11.39 (23.25)

the high- and the low-FTD groups displayed increased
RT, and the high-FTD group showed an increase in
errors. Executive inhibition demands increased RT for
the controls and the low-FTD group, but not the high-
FTD group. No group showed an error increase in
errors for the inhibition conditions. Furthermore, when
the inhibition conditions were examined separately,
controls and low-FTD patients were significantly
slowed when the prepotent response was identical or
semantically related to the incorrect required response
compared to when they were unrelated. By contrast,
high-FTD patients showed no difference in RT
between the identical, semantically related, or seman-
tically unrelated conditions but made significantly
more errors in the semantically related condition.

The finding that executive function working mem-
ory demands increased RTs in both schizophrenic
groups suggests that they found the additional require-
ments taxing by comparison with the naming con-
dition. Furthermore, the high-FTD patients alone
showed increased errors (and slowed responses) for
conditions requiring executive function working
memory, indicating a specific problem for the high-
FTD group. It is however important to distinguish
between slower RT and errors, despite both being
indicative of increased difficulty, because the mani-
festations of the two in functioning and speech may be
different, with trade-offs being informative and some-
times latencies a more subtle indicator of problems
than errors (especially on a simple task such as that
used in this study).

The pattern of RTs for the controls and low-FTD
group in the executive inhibition conditions shows that
inhibition of a prepotent response increases task
difficulty. Furthermore, both groups showed signifi-
cantly slowed RTs when the prepotent response was
identical or semantically related to the required
response (rather than unrelated). This pattern is con-

sistent with the notion that activation threshold may be
lower (or resting activation is higher) for required
responses necessitating greater executive inhibition.
Furthermore, the finding that greater executive inhib-
ition is required when the prepotent response is
semantically related to the incorrect required response
is commensurate with the notion that activation thresh-
old is also lower for nodes neighbouring the required
responses. By contrast, high-FTD patients did not
evince the increased RT for executive inhibition, and
neither the identical nor the semantically related
prepotent responses resulted in longer RTs than the
unrelated prepotent response. Despite not making more
errors on the inhibition conditions, the high-FTD group
did show significantly more errors when the prepotent
response was semantically related to the incorrect
required response. Although the lack of RT increase
could be consistent with reduced executive inhibition,
the lack of error increase indicates that inhibition was
nonetheless effective. Hence, the ability to inhibit a
prepotent response seems to be intact in thought-
disordered patients and may actually be greater than
normal (thus resulting in less of an RT increase when
inhibition is required compared to low-FTD patients
and healthy controls).

Thought-disordered patients showed selective and
substantial impairment when the incorrect response
was semantically related to the prepotent response, but
intact inhibition when the incorrect response was
identical to the prepotent response. This suggests that
the inhibition of a node results in increased activation
for associated nodes. This concurs with Goldberg et
al. (2000), who argue that indirect priming reflects
failures in activation or increases in inhibition of
closely related representations and thus necessitate a
spread of activation to a more ‘distant’ sector of the
network. Furthermore, because the high-FTD group
did not show an increased RT on this semantically
related condition, increased errors appear to reflect a
pop-up into the semantic memory of semantically
related representation that is not accompanied by
doubts over the correctness of the choice.

To conclude, all schizophrenic patients experi-
enced increased difficulty when executive function
working memory was required. Nevertheless, this was
most pronounced for patients with high-FTD ratings.
Furthermore, patients with low-FTD ratings do not
differ from healthy controls when executive inhibition
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is required and evince increased RT, particularly if the
to-be-inhibited word is either identical or semantically
related to the incorrect response. By contrast, high-
FTD patients show no increase in RT when inhibition
is required. Nevertheless, their errors selectively
increased when the to-be-inhibited word was seman-
tically related to the incorrect response. This suggests
an increase of executive inhibition in FTD that results
in an unconscious pop-up of semantically related
representations.
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