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Brief neuropsychological profiles
in psychosis: a pilot study using the Audio
Recorded Cognitive Screen (ARCS)

Loughland CM, Allen J, Gianacas L, Schofield PW, Lewin TJ, Hunter M,
Carr VJ. Brief neuropsychological profiles in psychosis: a pilot study using
the Audio Recorded Cognitive Screen (ARCS).

Objective: This pilot study examines the utility of a novel, standardised
brief neuropsychological assessment tool (the ARCS, Audio Recorded
Cognitive Screen) in a different clinical setting to that in which it was
initially developed. We hypothesised that the ARCS would be feasible to
administer to individuals with a psychotic illness and that it would detect
cognitive deficits similar to those identified by an established instrument
(the RBANS, Repeatable Battery for the Assessment of
Neuropsychological Status).
Methods: Twenty-five people with psychosis (mean age = 43.72,
SD = 9.78) and 25 age- and gender-matched controls were recruited from
the Newcastle community (NSW, Australia). The ARCS and RBANS were
completed about 1 week apart in a counterbalanced order.
Results: The ARCS was well received, performed satisfactorily and both
the ARCS and RBANS were sensitive to deficits typically associated with
psychosis (e.g. memory and attention). After controlling for memory
deficits, the largest disparity between the psychosis and control groups was
on the ARCS fluency domain [p < 0.001, partial Eta-squared
(ηp

2) = 0.21].
Conclusion: The ARCS uses audio administration (approximately 34 min)
to reduce clinician time (to 3–5 min for scoring) and appears to be a
useful brief assessment tool for examining the cognitive deficits associated
with psychosis. However, the potential clinical utility of the ARCS needs
to be investigated further in larger samples drawn from a wider variety of
specialist and non-specialist settings.
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Introduction

Schizophrenia is associated with marked neurocog-
nitive impairments across several domains including
verbal (1–3), working memory (4–7), attention (8)
and executive functioning (9), although schizophre-
nia patients often display poor insight into their
own level of cognitive functioning (10). Neurocog-
nitive deficits in psychosis-affected populations have
been linked to difficulties in social and occupational
functioning (11–18), as well as impaired quality
of life and reduced capacity for independent liv-
ing (11,12,16,17,19).

Cognitive assessment in psychosis is considered
part of good clinical practice. Likewise, monitoring
changes in neuropsychological profiles may provide
key clinical information about illness progression and
the benefits of any psychological or pharmacological
intervention. This information could also provide a
basis for deciding on more comprehensive neuropsy-
chological investigation (20) or influence the focus
of rehabilitation efforts. Assessing cognitive dysfunc-
tion prior to illness onset in ‘high risk’ individuals
could also aid earlier identification (21).

Recently, attempts have been made to develop
a comprehensive ‘consensus cognitive battery (for
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schizophrenia)’ for assessing cognitive change in
clinical trials (22), resulting in the selection of
10 existing tests covering 7 domains – known
as the MATRICS Consensus Cognitive Battery
(MCCB) (23–25); MATRICS domains: speed of
processing (e.g. trail making, symbol coding and
category fluency), attention/vigilance, working mem-
ory (verbal and non-verbal), verbal learning, visual
learning, reasoning and problem solving, and social
cognition. The symbol coding subtest is also
part of another recently developed instrument, the
Brief Assessment of Cognition in Schizophrenia
(BACS) (26), which includes assessments of four of
the MATRICS domains.

Despite the obvious advantages of neurocognitive
assessment in psychosis, the time, cost, resource and
personnel demands required to collect comprehensive
assessment data make this impractical for many
health-care settings and professionals. Illness factors,
such as fatigue and reduced motivation, can also lead
to poor assessment performance and skewed results.
For these reasons, brief neurocognitive assessments
offer a time- and resource-efficient method of
measuring cognition (27).

A number of brief neuropsychological instruments
have been developed to provide a ‘snapshot’ of
a patient’s cognitive strengths and weaknesses in
the most cost- and time-effective manner. How-
ever, several of these are not sufficiently sen-
sitive for use in psychosis (e.g. Mini Mental
State) (28). The Repeatable Battery for the Assess-
ment of Neuropsychological Status (RBANS) (27)
is a widely accepted US standardised (Mean =
100, SD = 15 per scale) adult (20–89 years) brief
neuropsychological assessment with an administra-
tion time of approximately 30 min. Although orig-
inally designed to detect cognitive impairment in
elderly people, RBANS performance has subse-
quently been reported in a number of schizophrenia
studies (20,28–31). Outpatient schizophrenia sam-
ples generally perform poorest on RBANS indices
of immediate (20,27–29,31) and delayed (30) mem-
ory. Normative RBANS data have also been devel-
oped for schizophrenia samples, which highlights
the need to consider education effects when assess-
ing cognitive performance in this population (32,33),
perhaps because of the variability in education
levels associated with the onset of this disorder.
On the other hand, some researchers suggest that
education-correction factors should be applied differ-
entially, with schizophrenia patients excluded (26),
a practice that we consider to be equally as prob-
lematic; as an alternative, the MCCB scoring pro-
gramme offers a range of correction factors including
no correction, age/gender and age/gender/education
corrections (23).

Measures such as the RBANS and BACS require a
trained professional (e.g. a psychologist) to conduct
the assessment. On the other hand, studies of service
contacts among psychosis-affected populations sug-
gest that they are most likely to have contact with
general practitioners and community-based mental
health teams (34), who may not have the expertise
necessary to administer cognitive tests. This may
be especially true in geographically isolated areas,
which represents a significant barrier in countries
such as Australia, where there are large, dispersed
or remote communities.

The Audio Recorded Cognitive Screen (ARCS)
is a brief neuropsychological assessment specifically
developed to detect cognitive impairments across
a range of domains, while not being burdensome
in terms of clinician time or resources (35). The
ARCS is administered using a portable audio device
(e.g. CD player, MP3) to patients who record their
responses by writing in a specially designed response
booklet that can later be scored. Standardised nor-
mative scores (Mean = 100, SD = 15 per scale)
have been established for the ARCS based on a
large Australian community sample; these cover five
ARCS domain scores: memory (immediate/delayed
recall, delayed recognition), fluency (category, letter
and action), visuospatial functioning, language and
attention/executive function, together with a speed
of writing score, an overall ARCS score and a
‘QuickARCS’ score (used to estimate overall ARCS
performance without the necessity of scoring all the
tests or looking up norms) (35). Age, gender and
education are considered in the process of generat-
ing ARCS standardised scores. ARCS domain scores
show good convergent validity with more compre-
hensive and established measures of cognitive per-
formance (35). The ARCS is comparable to RBANS
in its scope and duration (34 min to complete) and
only requires a few minutes of scoring to obtain
a test result. Its low resource requirements mean
that it can be used in small clinical practices, or by
patients in remote regions, with minimal impact on
the workloads of health personnel (35). The ARCS
potentially presents a cheap, practical alternative in
a variety of medical and research settings for the
routine assessment of patients with psychotic dis-
orders. The ARCS subtests also address several of
the domains covered by the MATRICS (25), with
the exception of reasoning and problem solving, and
social cognition.

Purpose of this paper

To date, the ARCS has been administered to sev-
eral thousand individuals, including community sam-
ples without any known cognitive deficits, and
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clinical samples with dementia and a range of
other neuropsychiatric syndromes (35,36). The cur-
rent study is the first to assess the potential utility of
the ARCS in a psychosis sample. The goals of the
current study were as follows:

1 To pilot the use of the ARCS in a sample of
individuals with a psychotic illness, primarily to
establish the feasibility of administration to this
population

2 To assess the ARCS ability to discriminate cog-
nitive deficits associated with psychosis (rela-
tive to control participants), compared to those
detected by an established standardised test (the
RBANS)

Because ARCS and RBANS measure broadly sim-
ilar cognitive constructs, we predicted that there
would be significant positive correlations between
participant performance on the corresponding sub-
scales. Further, in light of observations of a core
memory deficit in community psychosis popula-
tions (30), we also predicted that individuals with
psychosis would perform more poorly on measures
of memory, relative to healthy controls. Finally, we
predicted that ARCS and RBANS would perform
similarly in the detection of the cognitive deficits typ-
ically associated with psychosis, after controlling for
education effects.

Methods

Participants

Participants comprised 25 people with psychosis
(17 males, 8 females; mean age = 43.72, SD =
9.78 and 25 healthy age- and gender-matched con-
trols (mean age = 43.64, SD = 12.10) aged between
18 and 65 years, without any history of serious
head injury, brain injury, alcohol dependence or
mental retardation. The participants were recruited
through the resources of the Schizophrenia Research
Institute (SRI) and the Australian Schizophrenia
Research Bank (ASRB) Register (37); their diagno-
sis was confirmed using the Diagnostic Interview for
Psychosis (DIP) (38), and each met DSM-IV (39)
criteria for either schizophrenia/schizoaffective dis-
order (n = 20, 80%) or another psychotic disorder
(n = 5, 20%). No participants were hospitalised dur-
ing this study. Healthy control participants were
recruited either through the Hunter Medical Research
Institute (HMRI) Volunteer Register (n = 17) or
the community (n = 8). Approval for this study
was obtained from relevant local ethics commit-
tees and all participants gave written consent to be
involved.

Materials

All participants were assessed using two standardised
neuropsychological instruments, namely RBANS
Form B (RBANS-B) (27) and the ARCS (35). Data
about ARCS usability were obtained through partici-
pant completion of a brief survey, which allowed for
identification of any practical issues associated with
audio-administered assessment. We also administered
the Expanded Brief Psychiatric Rating Scale (BPRS-
E) (40) to the participants as a screen for current
illness-related symptoms. The BPRS-E is a 24-item
clinician-rated measure of psychosis-related symp-
toms and behaviours and general psychopathology.

Procedure

Individuals registered with the ASRB Register or
HMRI Research Volunteer Register received infor-
mation about the study through mail. All poten-
tial participants were screened for exclusion criteria
prior to consenting. Patients and control participants
were then matched for age and gender. Participants
were randomly allocated to one of the two counter-
balanced conditions relating to the order of ARCS
and RBANS administration. Both instruments were
administered according to their respective standard-
ised instruction booklets approximately 1 week apart
(Mean = 7.84 days, SD = 2.15) to control for prac-
tice effects. In the psychosis sample only, psychiatric
symptoms were assessed on their first visit using
the BPRS-E. In addition, the participants’ scores on
the Global Assessment of Functioning (GAF) (39),
Social and Occupational Functioning Assessment
Scale (SOFAS) (39), Positive and Negative Syn-
drome Scale (PANSS) (41) and RBANS-A (27), as
well as data relating to their illness onset and dura-
tion, were obtained from ASRB Register intake data.

Data analysis

Cognitive and symptom measures were scored
according to standardised scoring instructions
(RBANS and ARCS) (27,35). Statistical analyses
were conducted using SPSS (Version 17.0; SPSS,
Chicago, IL, USA). Group demographic differ-
ences were examined for categorical variables using
chi-squared tests and for continuous variables using
separate analyses of variance (ANOVAs). The Pear-
son correlation coefficient was used to assess the
strength of relationships between pairs of continu-
ous measures. Analyses of covariance (ANCOVAs)
were conducted to ensure that any observed between-
group differences on ARCS and RBANS perfor-
mance did not reflect the effects of education.
Consistent with the methods used in the ARCS stan-
dardisation studies, participants were classified into
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Table 1. Sample characteristics

Psychosis
(n = 25)

Controls
(n = 25)

Characteristics Mean SD Mean SD

Age (years) 43.72 9.78 43.64 12.10
Days between ARCS/RBANS administration 7.12 1.05 8.56 2.69
Completed education

Did not complete high school (%) 12.00 4.00
Middle high school (%) 12.00 8.00
Senior high school or technical college (%) 44.00 36.00
Completed university (%) 32.00 52.00

Employment status
Unemployed (%) 56.00 32.00

Diagnosis
Schizophrenia/schizoaffective disorder (%) 80.00
Other psychosis (%) 20.00

Illness variables∗

Age of onset 25.16 6.22
Illness duration 18.56 8.82
GAF 53.95 17.66
SOFAS 54.81 16.36
BPRS-E 31.54 7.17
PANSS (positive) 14.82 5.90
PANSS (negative) 13.45 5.90
PANSS (general) 26.23 7.99

∗Sample sizes vary from 20 to 24.

the four pseudo-continuous categories of education
shown in Table 1, and this categorisation was also
used as the covariate. Partial Eta-squared (ηp

2) values
were used to estimate the magnitude of the between-
group differences. As a partial control for the number
of statistical tests, the threshold for significance was
set at p < 0.01.

Results

Sample and testing characteristics

Table 1 reports sample characteristics by group. The
mean age of participants was 43.68 years (SD =
10.89). The psychosis and control groups did not dif-
fer in terms of education (χ2(3) = 2.59, p = 0.46)
or employment status (χ2(1) = 2.92, p = 0.09).
Ninety-two percent (n = 23) of participants with psy-
chois were currently taking antipsychotic medica-
tion, and their mean GAF ratings placed them in
the ‘moderate symptoms’ range of general overall
functioning (39), a level approximately equivalent to
the ‘medium’ functioning range group reported by
Loughland et al. (30). However, as indicated by their
mean BPRS-E scores, collectively, they were cur-
rently experiencing low levels of psychiatric symp-
toms, reflecting the sample’s overall non-acute status.
For example, BPRS-E scores potentially range from
24 to 168, such that a mean of ‘32’ equates to ‘very
mild’ for one-third of the 24 items and ‘not present’

for the remainder; by comparison, psychiatric in-
patients in a study by Thomas et al. (42) had a mean
BPRS-E score of 55.0 (SD = 14.0).

In terms of testing procedures, 42 participants
(84%; 24 psychosis, 18 controls) completed their
second appointment 6–8 days after their first assess-
ment and the remainder 12–14 days after their
first assessment. Seven participants in the psychosis
group reported minor difficulties with the ARCS
(three, occasional difficulty hearing test instructions;
three, some technical difficulties and five, exposure
to external distractions), which may reflect general
concentration difficulties for this group. No partic-
ipants in the control group reported difficulty with
the ARCS. This represents a marginally significant
difference between groups in the reporting of any dif-
ficulties with the ARCS (χ2(1) = 8.14, p = 0.01).
However, within the psychosis group, there were
similar ARCS profiles for those reporting and not
reporting any minor ARCS administration difficulties
(e.g. mean overall ARCS score: 84.83 vs. 80.78).

Correlations among ARCS domain scores

Table 2 reports correlations among the ARCS domain
and total scores, together with associations with the
RBANS index scores. The highest correlation among
the ARCS domain scores was between memory
and fluency (r(49) = 0.56), which is consistent with
previous applications of the ARCS in control and
clinical populations (35). However, the associations
between the visuospatial domain and the other ARCS
domains (except memory) were weaker than previ-
ously observed, perhaps attributable to the narrower
range of performance in the present (smaller) sample.
The QuickARCS displayed a strong positive corre-
lation with the overall ARCS score (r(49) = 0.91),
which is also consistent with the normative anal-
yses (r = 0.93), providing further support for the
use of these aggregate indices of overall cognitive
functioning. Within the psychosis group, there were
modest correlations between GAF ratings and ARCS
memory domain scores (r(19) = 0.50, p = 0.03 and
overall ARCS scores (r(19) = 0.50, p = 0.03), with
non-significant correlations with the other domains.

Associations between ARCS and RBANS scores

To explore the overall pattern of associations (i.e.
shared variance) between the set of ARCS measures
and the set of RBANS measures, a canonical correla-
tion analysis was conducted (five ARCS domain vs.
five RBANS index scores). This analysis revealed
a moderate–high level of shared variance (Rc

2 =
0.44), suggesting that the two sets of measures are
assessing broadly similar aspects of performance.
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Table 2. Correlations among scaled ARCS measures and with RBANS index scores (n = 50)

ARCS domain scores

Memory Fluency Visuospatial Language Attention Overall ARCS score QuickARCS

ARCS
Memory
Fluency 0.56∗∗

Visuospatial 0.35# 0.09
Language 0.24 0.40∗ −0.02
Attention 0.27 0.50∗∗ −0.13 0.03
Overall ARCS score 0.81∗∗ 0.83∗∗ 0.35# 0.59∗∗ 0.52∗∗

QuickARCS 0.73∗∗ 0.86∗∗ 0.31# 0.31# 0.69∗∗ 0.91∗∗

RBANS
Immediate memory 0.49∗∗ 0.31# 0.17 0.22 0.11 0.44∗ 0.36#

Delayed memory 0.52∗∗ 0.40∗ 0.18 0.19 0.08 0.45∗∗ 0.38∗

Visuospatial 0.17 0.30# 0.15 0.12 0.01 0.23 0.22
Language 0.32# 0.47∗∗ −0.10 0.35# 0.14 0.44∗ 0.42∗

Attention 0.30# 0.38∗ 0.07 0.12 0.42∗ 0.39∗ 0.38∗

RBANS total score 0.52∗∗ 0.51∗∗ 0.14 0.27 0.26 0.56∗∗ 0.51∗∗

#Approaching significance p < 0.05.
∗p < 0.01.
∗∗p < 0.001.

The lower portion of Table 2 reports signifi-
cant positive correlations between several individ-
ual ARCS and RBANS scales. Apart from the
RBANS visuospatial measure, which displayed rel-
atively weak associations with the ARCS scales,
the remaining RBANS scales revealed moderate
positive correlations with several ARCS measures
and with overall ARCS and QuickARCS scores.
ARCS memory domain scores correlated moderately
with RBANS total, delayed and immediate mem-
ory measures and less strongly with RBANS lan-
guage (p = 0.03) and attention (p = 0.04) measures.
ARCS fluency domain scores also displayed signif-
icant positive correlations with most RBANS mea-
sures, the highest association being with RBANS
language (r(50) = 0.47). ARCS and RBANS atten-
tion measures displayed significant moderate associ-
ations, with weaker associations between ARCS and
RBANS language measures (p = 0.01). Based on
the current evidence, the ARCS and RBANS visu-
ospatial measures appear to be assessing different
constructs, given the absence of cross-correlations
(Table 2), although there was a marginally signifi-
cant positive correlation between ARCS fluency and
RBANS visuospatial scores (p = 0.04).

Test performance and profiles

RBANS-A performance data (from ASRB intake
interviews) were available for the majority of the
psychosis group (n = 23). The mean test–retest
interval between administration of these alternate
forms of the RBANS was 1.69 years (range:
0.71–5.56 years). Correlations between RBANS-A

and RBANS-B revealed a significant positive asso-
ciation between total performance scores (r(23) =
0.80, p < 0.001), which compared favourably with
previous schizophrenia studies (r = 0.84) (28). Com-
parable ARCS reliability coefficients have been
reported previously for neuropsychiatry clinic atten-
dees over a 90-day follow-up (35), ranging from 0.70
(attention domain) to 0.88 (fluency domain), with an
overall reliability of 0.88 (ARCS total score).

Table 3 reports ARCS and RBANS profiles (i.e.
means, SDs and ranges) and associated group com-
parisons. As expected, mean performance by control
participants was within approximately 0.5 of a stan-
dard deviation from the population norms for both the
ARCS and RBANS measures (27,35). Performance
profiles for schizophrenia samples completing the
RBANS have previously been obtained from both
outpatient (32) and research register (30) samples,
with research register samples typically performing
better on all RBANS scales than outpatient sam-
ples. Register samples have previously shown the
largest deficits on RBANS measures of immediate
and delayed memory, while displaying near normal
performance on visuospatial, language and attention
measures (30). In the current study, the psychosis
sample revealed modest RBANS deficits on all mea-
sures except language; however, only the attention
measure approached a 1 SD difference from the pop-
ulation norms. On the other hand, ARCS mean scores
for the psychosis sample were approximately 1 SD
below the population mean for memory, fluency,
overall ARCS and QuickARCS scores, suggesting
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Table 3. ARCS and RBANS profiles and associated group comparisons

Overall Psychosis Controls Controlling for memory effects

Measure Range Mean SD Mean SD Mean SD Unadjusted† ηp
2 Adjusted† ηp

2

ARCS (n = 49) F (1, 46) F (1, 45)
Memory 1–135 90.45 24.42 82.08 29.68 98.48 14.54 7.39∗ 0.14 — —
Fluency 55–138 95.50 19.28 85.36 17.10 105.64 15.88 21.16∗∗ 0.31 11.58∗∗ 0.21
Visuospatial 30–113 94.20 15.29 93.76 17.92 94.64 12.47 0.00 0.00 2.66 0.06
Language 33–116 95.68 21.45 91.92 23.42 99.44 19.00 3.35 0.07 1.73 0.04
Attention 61–126 92.54 15.10 87.52 13.07 97.56 15.56 5.81# 0.11 3.77 0.08
Overall ARCS score 36–126 90.63 19.43 81.83 21.26 99.08 13.04 14.80∗∗ 0.24 6.36# 0.12
QuickARCS 51–133 91.51 16.40 84.71 16.50 98.04 13.66 10.86∗ 0.19 3.31 0.07

RBANS (n = 50) F (1, 47) F (1, 45)
Immediate memory 53–140 100.84 18.46 93.72 18.41 107.96 15.86 6.12# 0.12 — —
Delayed memory 44–122 96.72 14.23 93.44 16.29 100.00 11.22 1.40 0.03 — —
Visuospatial 53–126 92.52 15.05 89.72 15.00 95.32 14.87 1.06 0.02 0.44 0.01
Language 84–132 101.40 10.37 100.16 11.34 102.64 9.38 0.57 0.01 0.38 0.01
Attention 60–125 93.74 16.23 86.52 15.24 100.96 14.05 9.04∗ 0.16 6.22# 0.12
RBANS total score 50–124 95.60 14.09 89.68 14.02 101.52 11.64 7.59∗ 0.14 4.22 0.09

†Level of education was used as a covariate in these ANCOVAs to control for the lack of RBANS scaling for education.
#Approaching significance p < 0.05.
∗p < 0.01.
∗∗p < 0.001.

that the ARCS may prove a useful tool in the detec-
tion of cognitive deficits in psychosis populations.
Interestingly, the psychosis group also displayed a
larger variability in their ARCS memory domain per-
formance (SD = 29.68), perhaps reflecting variations
in performance on the underlying tests (i.e. imme-
diate/delayed memory, delayed recognition), which
may be worthy of exploration in a large sample.

A series of one-way ANCOVAs was carried out to
examine group differences in cognitive performance
for each of the ARCS and RBANS scales, while con-
trolling for level of participant education (Table 3).
The psychosis group performed significantly worse
than the controls on ARCS memory and fluency mea-
sures as well as overall and QuickARCS total scores,
with a marginal difference observed for the ARCS
attention (p = 0.02) domain. On the RBANS, the
psychosis group performed significantly worse on the
attention scale as well as on the RBANS total score,
with a less marked difference on the immediate mem-
ory scale (p = 0.02).

In view of the research evidence about the central-
ity of memory deficits in psychosis, and the observed
correlations and associations in the current study
(Tables 2 and 3), we undertook an additional series
of analyses controlling for memory effects (ARCS:
memory domain; RBANS: immediate and delayed
memory scales), i.e. Do the non-memory ARCS and
RBANS measures contribute to any additional dis-
crimination between groups? As shown in the right-
hand columns of Table 3, when controlling for the
effects of education and memory performance, the
psychosis group still performed significantly worse

than the control group on the ARCS fluency domain
and marginally worse on the overall score (p =
0.02). For the RBANS, there remained a marginally
significant trend for the psychosis group to have
poorer RBANS attention scores (p = 0.02).

Finally, to better understand the pattern of ARCS
effects, we compared the observed profiles against
those for the cognitively impaired and demented
samples reported in Schofield et al. (35). As shown
in Fig. 1, the ARCS performance profile for the
psychosis group is very similar to the group with
confirmed cognitive impairment (based on com-
prehensive clinical and neuropsychological assess-
ments), with the possible exception of the language
domain. Collectively, these groups (i.e. psychosis and
cognitively impaired) are also intermediate between
the controls and those with confirmed dementia, the
notable exception being the visuospatial domain for
which only the demented group displayed substan-
tially poorer performance.

Discussion

The overall development and psychometric proper-
ties of the ARCS have been detailed recently (35);
however, the potential utility of this measure in
other clinical settings has only begun to be explored
(e.g. multiple sclerosis) (36). The current findings
suggest that the ARCS can be administered to
individuals with a psychotic illness and that the
resulting cognitive profiles largely correspond with
expectations based on the research literature and
concurrent performance on the RBANS. While these
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Fig. 1. Preliminary ARCS performance profiles for psychosis
(n = 25), compared with current controls (n = 25) and clini-
cal groups classified as cognitively impaired without demen-
tia (n = 33) or with mild–moderate dementia (n = 25), as
described by Schofield et al. (35).

early results are based on a small, well-functioning
psychosis-affected sample, they provide preliminary
evidence that the ARCS performs satisfactorily as a
brief multidomain neuropsychological assessment in
this population.

Participants generally reported few problems with
the ARCS administration, suggesting that the ARCS
can be completed by people with psychotic disorders.
A small number of participants reported occasional
difficulties; however, no participant reported trouble
understanding test instructions. This suggests that to
maximise the validity of the assessments it would
be ideal, but not essential, to administer the ARCS
in a comfortable, controlled environment where low-
level technical assistance is available, if required (e.g.
to help familiarise participants with the equipment
and the setting). As with other cognitive measures,
acutely unwell patients are not likely to be suitable
for formal ARCS assessment, with a temporary
deferral recommended.

Mean performance of the control group was within
0.5 SD of normative population scores for both the
ARCS and RBANS, suggesting that the current appli-
cation of these measures was in line with previous
results. Research register-recruited psychosis sam-
ples typically display higher levels of both general
and cognitive functioning, with better performance
on all RBANS indices, compared to those recruited
directly from patient services (30,43). Additionally,
less severe cognitive deficits are associated with
medium and high levels of general functioning in
these populations (30), while those with the lowest
general functioning perform more like the norma-
tive psychosis groups reported by Iverson et al. (33),
Wilk et al. (32) and Gold et al. (28). Hence, for the
current psychosis sample, which displayed general
functioning in the medium range, we expected that

only the most prominent cognitive deficits would be
observed. Despite this caveat, both the ARCS and
RBANS showed lower performance across a range
of tests in the psychosis group.

ARCS memory, fluency and overall scores and
RBANS attention and overall scores were the main
discriminating measures between groups, with con-
trols significantly outperforming the psychosis group.
A marginal advantage for control participants was
also observed for ARCS attention and RBANS
immediate memory measures. These effects are
largely in line with the literature. While deficits
on measures of memory, general cognitive per-
formance (28,30,32,33) and attention (28,32,33) are
commonly associated with psychosis, language and
visuospatial abilities are found to be relatively
unimpaired (28,30,32). In terms of fluency, uni-
form deficits in schizophrenia samples have been
shown on the Controlled Oral Word Association Test
(COWAT) across research studies (13,44). The rela-
tively poor performance of the visuospatial domains
within both the ARCS and RBANS may also reflect
ceiling effects within their constituent tests, particu-
larly among well-functioning samples (30,35).

The current data indicate that the ARCS and
RBANS display a large degree of overlap in the
deficits they detect in psychosis. For example, effect
size calculations indicate that the magnitude of the
between-group discrimination effects obtained with
ARCS memory and RBANS immediate memory
scales were comparable (0.14 vs. 0.12). Effect size
differences for the attention scales were also com-
parable (0.11 vs. 0.16). The current analyses fur-
ther suggest that ARCS fluency represents a key
index of discrimination between control and psy-
chosis populations. Consequently, the more compre-
hensive assessment of this construct in the ARCS
may be viewed as a particular strength. Thus, to
some extent, the ARCS reduces the need to supple-
ment assessment protocols with measures of execu-
tive function, as is the case with the RBANS (31).

On the other hand, none of the brief, multido-
main assessments suggested for psychosis samples
(e.g. approximately 30 min administration: RBANS,
BACS and ARCS) cover the full range of domains
proposed by the MATRICS group (25), with social
cognition being absent from all measures. Future
refinements to the ARCS for specific use with psy-
chosis samples could include the strengthening of
some domains and subtests, and the exclusion of oth-
ers considered not to be central to psychosis (22);
however, it would be premature to do so at this
stage, and there would be little change to the already
minimal demands on clinicians time (for scoring the
ARCS).
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The current data also provide some preliminary
evidence about the expected ARCS profile for psy-
chosis, with average performance in this group 1
SD below the population mean on memory, flu-
ency and overall indices of cognitive performance.
This ARCS profile is similar, with the exception
of superior language performance, to that of indi-
viduals with cognitive impairment without dementia
assessed by Schofield et al. (35) (see Fig. 1). The
establishment of a typical ARCS performance pro-
file for people with psychotic disorders would also
guide referrals for more comprehensive neurological
assessment.

Limitations

The small sample size is a clear limitation, with
the current study functioning more as a ‘proof
of concept’ than a definitive set of findings – i.e.
showing the feasibility of using the ARCS as a
novel, resource-efficient and brief neuropsycholog-
ical assessment among psychosis samples. As cur-
rent ARCS norms apply primarily to participants
with some level of secondary education (35), caution
may need to be exercised in the interpretation of the
ARCS in situations where the participants education
has been truncated because of illness or mental health
problems. However, in the current sample only four
participants (3 = psychosis, 1 = control) had com-
pleted less than 4 years of secondary education and,
therefore, this limitation is unlikely to have had a
significant effect on the current analysis.

In addition, as the current study included volun-
teers with schizophrenia who were recruited through
the resources of a schizophrenia research register,
comprised largely of individuals living in the com-
munity (37), it is possible that the findings have
limited generalisability to other psychosis samples.
Participants recruited from these sources are usu-
ally highly motivated, better functioning and display
better cognitive performance than those recruited
from alternative settings (30,37,43). Moreover, the
schizophrenia participants were somewhat older than
those in other studies (with an average illness dura-
tion of 18.56 years) and they displayed few symp-
toms at the time of assessment, as shown by their low
mean BPRS-E scores; these features, and the small
sample size, also limited our ability to examine asso-
ciations between illness characteristics and cognitive
functioning. On the other hand, in cases of very low
functioning or highly active psychosis, traditional
one-to-one assessments are also often inappropriate
and, as such, the ARCS faces similar limitations to
other assessments of cognitive functioning (such as
the RBANS).

The lack of direct comparison of the ARCS
with well-established and rigorous neuropsycho-
logical evaluations is also a limitation, although
such comparisons were part of the ARCS devel-
opment (35). Future comparisons of ARCS perfor-
mance by psychosis-affected populations with more
comprehensive batteries (such as the MATRICS), and
with larger sample sizes, may improve the assess-
ment of convergent validity and generalisability of
the current findings. Further exploration of the usage
of the ARCS in primary care and community mental
health settings is also warranted, together with prac-
tical guidance about the circumstances under which
observed ARCS performance profiles or changes
should trigger referral for more comprehensive neu-
ropsychological assessment.

Conclusion

This pilot study provides a preliminary examination
of the utility of the ARCS in psychosis-affected sam-
ples through comparisons with the well-established
RBANS measure. Overall, the ARCS and RBANS
appear to be efficient and reliable screeners, appro-
priate for use in psychosis samples and for iden-
tifying individuals requiring more comprehensive
assessment. The ARCS is a novel and innovative
cognitive screening instrument, which uses audio
administration to reduce clinician time, costs and per-
sonnel resources. Having been used successfully in
general neuropsychiatry clinic populations (35), the
current study extends the scope of its potential utility
to include individuals with a psychotic illness.
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