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Background: Cognitive impairment associated with schiz-
ophrenia (CIAS) negatively impacts daily functioning, 
quality of life, and recovery, yet effective pharmacotherapies 
and practical assessments for clinical practice are lacking. 
Despite the pivotal progress made with establishment of 
the Measurement and Treatment Research to Improve 
Cognition in Schizophrenia (MATRICS) Consensus 
Cognitive Battery (MCCB) for clinical research, implemen-
tation of the full MCCB is too time-consuming and cost-
ineffective for most clinicians in clinical practice. Study 
Design: Here we discuss current assessments in relation to 
delivery format (interview-based and performance-based), 
validity, ease of use for clinicians and patients, reliability/
reproducibility, cost-effectiveness, and suitability for clin-
ical implementation. Key challenges and future opportun-
ities for improving cognitive assessments are also presented. 

Study results: Current assessments that require 30 min to 
complete would have value in clinical settings, but the as-
sociated staff training and time required might preclude 
their application in most clinical settings. Initial profiling 
of cognitive deficits may require about 30 min to assist in 
the selection of evidence-based treatments; follow-up moni-
toring with brief assessments (10–15 min in duration) to 
detect treatment-related effects on global cognition may 
complement this approach. Guidance on validated brief 
cognitive tests for the strategic monitoring of treatment ef-
fects on CIAS is necessary. Conclusions: With increased 
advancements in technology-based and remote assessments, 
development of validated formats of remote and in-person 
assessment, and the necessary training models and infra-
structure required for implementation, are likely to be of 
increasing clinical relevance for future clinical practice. 
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Introduction

Cognitive deficits constitute one of the main limiting fac-
tors for recovery in the context of treatment and rehabilita-
tion in schizophrenia, yet no effective pharmacotherapies 
targeting cognition are currently available.1,2 Impaired 
cognition is reported not only in schizophrenia, but 
also across a number of other psychiatric conditions in-
cluding major depressive disorder, bipolar disorder, and 
posttraumatic stress disorder.3,4 The symptom overlap, 
and similarity in the patterns of redundant neurocircuitry 
associated with cognitive impairments across these con-
ditions, suggest possible shared pathological mechanisms 
underpinning these deficits.3,5

In schizophrenia, cognitive impairments have come 
to be recognized as the most prominent factors limiting 
daily work/school and social functioning and the quality 
of life of patients.6–12 They also contribute significantly to 
the financial burden related to this disorder.13 Recognition 
of the importance of cognitive impairments in limiting 
functional recovery led the National Institute of Mental 
Health (NIMH) to bring focused attention to cognition 
as an area in which new treatment development was a 
high priority.14,15 This increased focus on the development 
and evaluation of improved treatments for cognitive im-
pairments in schizophrenia provides further impetus to 
improve cognitive assessments and increase awareness 
among the clinical community of the importance of ad-
dressing these features.16–18 If  we hope to address cognitive 
impairments in schizophrenia and thereby improve func-
tional outcomes, increased emphasis on detecting and as-
sessing cognitive deficits in clinical practice is necessary.

Detection of cognitive impairments by clinicians is 
often hindered by limited patient self-reporting of these 
deficits that can result from the lack of insight into illness, 
reduced motivation, and stigma experienced by people 
with schizophrenia and psychotic disorders.19–23 These 
additional challenges faced by patients, in turn, con-
tribute to the high risk of nonadherence to treatments, 
negative clinical outcomes, and reduced functioning.19–23 
To achieve positive treatment attitudes and therapeutic 
alliance with patients, and thus improve patient self-
reporting of cognitive deficits, it is important to enhance 
psychoeducation, effectively communicate with patients 
and their care-givers, and include patients in the treat-
ment decision process.24,25

In addition to identifying cognitive deficits, health-
care providers face a number of additional challenges in 
treating these deficits, including: a poor understanding 
of cognitive impairments and their assessment, a lack 
of patient insight into their cognitive deficits, a lack of 
clear guidance on available cognitive assessments and 

treatments, and logistical barriers such as constraints on 
the time, training and resources needed for clinicians to 
administer available assessments within healthcare sys-
tems.19,23,26,27 OnTrackNY recently developed a toolkit 
to help clinicians assess and address cognitive health 
in patients with early psychosis.28 In a study evaluating 
this toolkit, over 50% of the 933 participants assessed 
(young people who had experienced a first episode of 
non-affective psychosis) self-reported cognitive problems. 
The decision-making tools and assessments were shown 
to successfully assist with the management of cognitive 
deficits.28 An opportunity for clinicians to customize cog-
nitive assessments and treatments to individual patients 
based on the nature of presenting problems is also sup-
ported by recent evidence that separable aspects of cogni-
tion, such as neurocognition and social cognition, predict 
different functional outcomes.7

Cognitive deficits are a serious component of schiz-
ophrenia that should be evaluated and treated by clin-
icians using evidence-based pharmacological, somatic, 
and psychological therapies. Current treatments that 
represent promising treatment strategies for cognitive 
dysfunction include psychosocial and neuromodulatory 
interventions such as cognitive remediation training 
(CRT), cognitive adaptation training, transcranial mag-
netic stimulation (TMS), and transcranial direct current 
stimulation (tDCS).29–32 Recent metanalyses have shown 
that the benefits of these treatments appear to selectively 
impact on specific cognitive domains.32,33 As clinicians 
attempt to incorporate new and existing treatments for 
cognitive deficits into their repertoire of interventions, 
improved cognitive assessment will be needed to identify 
the severity of cognitive deficits in individual patients, 
the pattern of deficits across cognitive domains, and their 
changes over the course of treatment. In theory, clinical 
assessments that provide accurate cognitive profiles of 
patients in the clinic may allow mental healthcare pro-
viders to streamline treatment approaches, and align pa-
tients presenting with impairments in specific cognitive 
domains with treatments that target these impairments.

Interestingly, the most commonly employed cognitive 
assessment tool used to measure current treatment ef-
fects on cognition in two recent meta-analysis studies was 
the Measurement and Treatment Research to Improve 
Cognition in Schizophrenia (MATRICS) Consensus 
Cognitive Battery (MCCB) followed by the Brief  
Assessment of Cognition in Schizophrenia (BACS).32,33 
Although the full MCCB is an excellent, validated as-
sessment for measuring cognition in research contexts, 
the cost and staff  time and training required for its im-
plementation make it logistically difficult to use for the 
purpose of continued monitoring of cognitive changes in 
real-world clinical settings. The BACS is much shorter, 
about 30 min, but clinicians may still find it too long for 
repeated clinical monitoring of cognition. These chal-
lenges might also contribute to the reduced referral rates 



403

Measuring Cognition in Clinical Practice

for CRT from clinical versus research sites,34 highlighting 
the need for improved assessment strategies in clinical set-
tings. The ultimate goal is to equip clinicians with the best 
assessment methods, and guidance for their implementa-
tion, so that they in turn may better guide, motivate, and 
educate patients on the most appropriate therapies to 
help manage their cognitive impairments. A critical first 
step is the refinement of the assessment process, so that 
cognitive deficits can be accurately identified, character-
ized, and monitored during the course of treatment.

The MATRICS initiative was launched in 2002 by 
the NIMH35 to address the urgent need to improve un-
derstanding of cognitive neurobiology and to develop 
enhanced and effective assessment methods to evaluate 
cognitive treatments in schizophrenia. The MATRICS 
initiative involved strategic discussions with experts 
from relevant fields in academia, the Food and Drug 
Administration, NIMH, and the pharmaceutical in-
dustry to address the lack of consensus that existed re-
garding how cognition is best assessed, both in relation 
to specific clinical tests administered, and the broad spec-
trum of cognitive domains affected.35,36 These collabora-
tive meetings and associated empirical studies identified 
key cognitive domains to be captured in assessment bat-
teries for cognitive impairment associated with schizo-
phrenia (CIAS) and related disorders, and outlined the 
optimal methods for cognitive assessment that paved the 
way forward for effective treatments.9,35,36 The product of 
expert discussions and empirical comparisons of prom-
ising measures was the development of the MCCB that 
consists of recommended cognitive assessments and in-
cludes a standardized computerized scoring system to 
be adopted by studies evaluating novel compounds for 
CIAS.36,37

Despite this pivotal initial step along the progressive 
path to improved assessments for CIAS, and the remark-
able benefits provided by the MCCB for clinical research, 
use of the MCCB in everyday clinical practice can be 
limited due to logistical reasons such as lack of trained 
staff, and the amount of time required to administer (ap-
proximately 65–90 min). Research initiatives and funding 
calls to develop improved cognitive assessments and 
treatments have increased in recent years.16–18 Although a 
transdiagnostic approach to the investigation of cognitive 
impairments across psychiatric disorders is supported by 
the recent literature,38 an examination of cognitive assess-
ments for clinical practice for other major psychiatric dis-
orders is beyond the scope of this review. Here, we focus 
on CIAS, and the suitability of current clinical assess-
ments for CIAS in everyday clinical practice. We aim to 
highlight the unmet need in assessment of cognition and 
functioning in clinical practice and discuss current assess-
ments in relation to validity, ease of use for clinicians and 
patients, reliability/reproducibility, and cost-effectiveness. 
Finally, the main challenges and future opportunities for 
improving and facilitating assessments will be discussed.

Cognitive Domains in Schizophrenia Spectrum and 
Other Psychotic Disorders

Recent years have seen major progress in our under-
standing of the underlying cognitive pathology of schiz-
ophrenia, including delineating specific domains outlined 
in the MATRICS initiative for neurocognition and social 
cognition.39,40 CIAS represents a core feature of these 
disorders and is reported in approximately 60%–98% of 
patients with schizophrenia and psychotic disorders.41–43 
Meta-analyses have demonstrated that both the quali-
tative and quantitative nature and the temporal pattern 
of CIAS vary, including impacts on neurocognitive do-
mains that differ in the severity of impairments and their 
occurrence along the course of the prodromal phase of 
illness.44–47

The MCCB includes assessment of  seven cognitive 
domains in total; these are speed of  processing, atten-
tion/vigilance, working memory, verbal learning, visual 
learning, reasoning and problem solving, and social 
cognition.36 Although the number of  separable cog-
nitive dimensions in schizophrenia has been debated, 
findings support use of  this seven-factor model for clin-
ical trials seeking interventions to improve cognition in 
schizophrenia.9,48

Social cognition, defined as cognitive processes 
needed to perceive, interpret, and process information 
for adaptive social interactions,6,49 has been shown to be 
interlinked with neurocognition and daily functioning.50,51 
Deficits in social cognition are well characterized in schiz-
ophrenia and limit functional recovery.49,50,52 However, a 
better understanding of social cognition and its neurobi-
ological correlates in schizophrenia is needed to improve 
assessments to evaluate new effective therapies for social 
disability in this complex disorder.49,53

Interview-based Cognitive Assessments

In clinical settings, the required expertise or resources to 
conduct and interpret performance-based measures is 
not always accessible to clinicians and may lead to a pref-
erence for different approaches or supplemental assess-
ments; interview-based assessments provide promising 
alternatives.54

There are specific advantages of interview-based as-
sessments of cognitive functioning, including their ease 
of use and capacity to consider patient/informant reports 
of impact on daily functioning.55 Factoring in the patient 
perspective and comparing patient self-assessment with 
informant-assessment of cognitive abilities provides an 
important means of examining neurocognitive insight in 
patients with schizophrenia.54

A limitation of interview-based cognitive assessments 
is that they require insight into cognitive ability for ac-
curacy, and this insight is often absent or incomplete 
in patients with schizophrenia spectrum disorders.19,56 
Poor insight into illness (anosognosia) is exhibited by 
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57%–98% of patients with schizophrenia spectrum dis-
orders and is characterized by a lack of awareness of 
having a psychiatric illness, or cognitive appraisal of one’s 
own state or the need for treatment.19,57 Anosognosia 
leads to poorer quality of life and functioning and also 
impacts medication adherence and the reliability of 
self-report assessments,19,58 highlighting the importance 
of identifying and measuring anosognosia to optimize 
clinical decisions relating to assessment and therapy. A 
related limitation is that reporting one’s cognitive deficits 
requires a certain level of cognitive functioning (eg, 
memory of one’s memory problems). Finally, another 
limitation of interview-based assessments is the variation 
in reported correlations between interview-based and 
performance-based cognitive assessments. Some studies 
demonstrate positive correlations (though of limited 
magnitude),55,56,59–61 while others report no or minimal 
correlation,59,62 suggesting self-reports alone might have 
limited validity, but can add value when administered 
with performance-based assessments. Use of informant 
reports increases validity but makes these assessments 
less convenient.63

Examples of  validated interview assessments that 
include both patient and informant reports in their 
overall measures are the Schizophrenia Cognitive 
Rating Scale (SCoRS) and the Cognitive Assessment 
Interview (CAI).54,61 With many similar advantages in-
cluding their moderately short administration times 
(SCoRS, 25–35 min; CAI, 30–35 min, Table 1), breadth 
of  assessment across cognitive domains, validation in 
diverse languages and cultures, their simplicity, test–
retest reliability, high degree of  correlation with func-
tional outcome measures, and established correlation 
with cognitive performance measures, the SCoRS and 
CAI provide promising options for cognitive assessment 
in the clinic.61,64–67 The SCoRS is also recommended as 
a co-primary measure of  cognition alongside cognitive 
test batteries in clinical trials.64,68 Despite these advan-
tages, advanced rater training is still required for admin-
istration and scoring of  both the SCoRS and CAI,61,68 
and for the SCoRS, considerable geographical varia-
bility exists, and varied psychometric properties across 
clinical trial sites in accordance with rater experience 
have been reported.68 Additionally, informant informa-
tion is not always available for patients, and can vary 
in quality depending on how well informants under-
stand that cognition impacts daily functioning, pre-
senting additional challenges in the implementation and 
interpretation of  these test results by clinicians.56,68,69 
The need for simplified formats that minimize training 
times is essential. As the CAI was originally developed 
to form a combined abbreviated version of  the Clinical 
Global Impression of  Cognition in Schizophrenia and 
the SCoRS assessments, it is relatively easy to admin-
ister, score, and interpret, with minimal practice effects, 
making it suitable option for repeated administration in 

the monitoring of  treatment effects.61A summary of  the 
main interview-based cognitive assessments currently in 
use is provided in Table 1.

Performance-based Cognitive Assessments

Performance-based assessments differ greatly in the 
length of administration and scoring time and the mode 
in which they are delivered; many are conducted on 
pen-and-paper while others involve computerized ad-
ministration. A summary of current performance-based 
assessments for CIAS is presented in Tables 2 and 3. 
Here, we discuss tests of short and intermediate length, 
given the lack of feasibility of repeated assessments with 
the longer batteries in everyday clinical practice.

Cognitive Assessments of Short Duration (MCCB 
Subtests; <20 Min Administration Time)

The individual subtests within cognitive batteries such as 
the MCCB that assess a narrower range of cognitive do-
mains than the overall composite scores may be useful 
for strategic monitoring of treatments in the clinic. For 
example, a priori knowledge of specific treatment targets 
and outcomes may justify focus on particular cognitive 
domains when assessing treatment effects. These subsets 
of cognitive assessment batteries have the advantage of 
being quick and often easier to administer, score, and 
interpret.

In addition to simplification and shortening of  cog-
nitive assessments, the transfer of  assessments to online 
and digital formats also may facilitate access, efficiency, 
and ease of  use for patients.99 As neuropsychological as-
sessments are traditionally comprised of  interview- and 
performance-based cognitive assessments, the transition 
to remote and digital delivery methods is challenging. 
Spurred by the recent COVID-19 pandemic, remote de-
livery of  cognitive assessments has gained momentum in 
both research and clinical settings, with varied findings. 
Remote administration of  the Animal Fluency Task 
(2-min administration time) that provides a measure 
of  verbal fluency (impaired in patients with schizo-
phrenia)100 has been shown to be unaffected by mode 
of  administration (in person vs remote) in patients 
with schizophrenia spectrum disorders and bipolar 
disorder.101 In contrast, remote administration via tel-
ephone of  the Hopkins Verbal Learning Test-Revised 
(HVLT-R; a 4-min word list task) was negatively im-
pacted compared with in-person administration, sug-
gesting that in-person normative data may not apply to 
remote assessments.101

Incorporation of touch-screen formats has enabled 
the characterization of multiple between- and within-test 
metrics of Trail Making Test (TMT) performance, thus 
providing greater appreciation of cognitive impairments 
than the traditional method of scoring. Both the TMT 



405

Measuring Cognition in Clinical Practice
T

ab
le

 1
. �

Su
m

m
ar

y 
of

 I
nt

er
vi

ew
-b

as
ed

 A
ss

es
sm

en
ts

 C
ur

re
nt

ly
 U

se
d 

to
 M

ea
su

re
 C

IA
S 

an
d 

T
he

ir
 A

pp
lic

ab
ili

ty
 t

o 
C

lin
ic

al
 S

et
ti

ng
s

In
te

rv
ie

w
-b

as
ed

 A
ss

es
sm

en
ts

T
es

t
C

og
ni

ti
ve

 
D

om
ai

n(
s)

 A
ss

es
se

d

A
va

ila
bi

lit
y 

to
 C

lin
ic

ia
ns

 
(C

om
pu

te
r-

iz
ed

 V
er

si
on

 
A

va
ila

bl
e;

 
√/

x)
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

pl
et

io
n:

 
S

co
ri

ng
 T

im
ea  

(m
in

)
R

ep
or

te
r

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

C
A

I61
,7

0
6 

do
m

ai
ns

:
• �

P
ro

ce
ss

in
g 

sp
ee

d
• �

A
tt

en
ti

on
/v

ig
i-

la
nc

e
• �

W
or

ki
ng

 m
em

or
y

• �
V

er
ba

l l
ea

rn
in

g
• �

R
ea

so
ni

ng
/

pr
ob

le
m

 s
ol

vi
ng

• �
So

ci
al

 c
og

ni
ti

on

P
ap

er
 v

er
si

on
 

fr
ee

 (
✓

)
10

-i
te

m
 in

te
rv

ie
w

; r
at

er
 

sc
or

es
 a

lo
ng

 a
 7

-p
oi

nt
 

sc
al

e 
(p

at
ie

nt
 a

nd
 in

-
fo

rm
an

t 
sc

or
es

 a
re

 c
om

-
bi

ne
d)

30
:5

• �
P

at
ie

nt
• �

In
fo

rm
an

t
• �

M
in

im
al

 p
ra

ct
ic

e 
ef

fe
ct

s
• �

H
ig

h 
it

em
-t

o-
sc

al
e 

co
rr

el
at

io
ns

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

 
0.

79
–0

.8
4)

• �
E

st
ab

lis
he

d 
co

rr
el

at
io

ns
 w

it
h 

ne
ur

oc
og

ni
ti

on
 a

nd
 f

un
ct

io
na

l 
ou

tc
om

es
• �

E
as

ily
 t

ra
ns

la
ta

bl
e 

an
d 

cu
lt

ur
al

ly
 

ad
ap

ta
bl

e
• �

In
co

rp
or

at
es

 p
at

ie
nt

 p
er

sp
ec

ti
ve

• ��
R

at
er

 t
ra

in
in

g 
re

qu
ir

ed
• ��

R
el

ia
nt

 o
n 

in
-

fo
rm

an
ts

 t
ha

t 
ar

e 
no

t 
al

w
ay

s 
av

ai
la

bl
e

M
IC

71
3 

do
m

ai
ns

:
• �

A
tt

en
ti

on
• �

W
or

ki
ng

 m
em

or
y

• �
R

ea
so

ni
ng

/
pr

ob
le

m
 s

ol
vi

ng

N
A

 (
✓

)
M

IC
-c

lin
ic

ia
n 

ra
te

d 
(M

IC
-C

R
):

 C
lin

ic
ia

ns
 

co
m

pl
et

e 
a 

se
m

i-
st

ru
ct

ur
ed

 in
te

rv
ie

w
 o

n 
12

 
co

gn
it

iv
e 

ta
sk

s 
an

d 
ra

te
d 

on
 a

 5
-p

oi
nt

 s
ca

le
M

IC
-s

el
f 

re
po

rt
 

(M
IC

-S
R

):
 P

at
ie

nt
 r

e-
sp

on
ds

 t
o 

12
 s

ta
te

m
en

ts
 

on
 c

og
ni

ti
ve

 a
bi

lit
y 

an
d 

to
ta

l s
co

re
s 

ra
ng

e 
fr

om
 0

 
to

 3
6

U
nk

no
w

n
• �

P
at

ie
nt

• �
P

ro
fe

ss
io

na
l 

st
af

f 
m

em
be

r

• �
H

ig
h 

co
rr

el
at

io
ns

 b
et

w
ee

n 
M

IC
-C

R
 a

nd
 M

IC
-S

R
• �

G
oo

d 
re

te
st

 r
el

ia
bi

lit
y 

(I
C

C
: 

0.
83

–0
.9

3)
• �

E
st

ab
lis

he
d 

co
rr

el
at

io
ns

 w
it

h 
ps

y-
ch

ia
tr

ic
 s

ym
pt

om
s

• �
In

co
rp

or
at

es
 p

at
ie

nt
 p

er
sp

ec
ti

ve

• �
N

ot
 w

el
l c

or
-

re
la

te
d 

w
it

h 
pe

rf
or

m
an

ce
-

ba
se

d 
m

ea
su

re
s 

of
 c

og
ni

ti
on

• �
D

es
ig

ne
d 

as
 

m
ea

su
re

 o
f 

aw
ar

e-
ne

ss
 o

f 
co

gn
it

iv
e 

pr
ob

le
m

s 
ra

th
er

 
th

an
 a

 m
ea

su
re

 o
f 

co
gn

it
iv

e 
de

fic
it

s

SC
oR

S54
,6

4,
68

7 
do

m
ai

ns
 a

nd
 

m
ot

or
 s

ki
lls

:
• �

P
ro

ce
ss

in
g 

sp
ee

d
• �

A
tt

en
ti

on
/v

ig
i-

la
nc

e
• �

W
or

ki
ng

 m
em

or
y

• �
V

er
ba

l l
ea

rn
in

g
• �

V
is

ua
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/
pr

ob
le

m
 s

ol
vi

ng
• �

So
ci

al
 c

og
ni

ti
on

P
ap

er
 v

er
si

on
 

fr
ee

; c
om

pu
-

te
ri

ze
d 

ve
r-

si
on

 r
eq

ui
re

s 
lic

en
se

 (
✓

)

20
-i

te
m

 in
te

rv
ie

w
; r

at
er

 
sc

or
es

 a
lo

ng
 a

 4
-p

oi
nt

 
sc

al
e 

ba
se

d 
on

 ju
dg

m
en

t 
of

 a
ll 

in
te

rv
ie

w
s 

to
 g

en
-

er
at

e 
a 

gl
ob

al
 r

at
in

g 
fr

om
 

1 
to

 1
0

25
:1

0
• �

P
at

ie
nt

• �
In

fo
rm

an
t

• �
P

ro
fe

ss
io

na
l 

st
af

f 
m

em
be

r

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: >
 0

.8
0)

• �
E

st
ab

lis
he

d 
co

rr
el

at
io

ns
 w

it
h 

ne
ur

oc
og

ni
ti

on
 a

nd
 w

it
h 

fu
nc

-
ti

on
al

 o
ut

co
m

es
• �

Se
ns

it
iv

e 
to

 t
re

at
m

en
t 

ef
fe

ct
s

• �
R

el
at

iv
el

y 
qu

ic
k 

an
d 

ea
sy

 a
dm

in
-

is
tr

at
io

n,
 s

co
ri

ng
 a

nd
 in

te
rp

re
ta

-
ti

on
• �

E
as

ily
 t

ra
ns

la
ta

bl
e 

an
d 

cu
lt

ur
al

ly
 

ad
ap

ta
bl

e
• �

In
co

rp
or

at
es

 p
at

ie
nt

 p
er

sp
ec

ti
ve

• �
R

at
er

 t
ra

in
in

g 
re

qu
ir

ed
• �

R
el

ia
nt

 o
n 

in
-

fo
rm

an
ts

 t
ha

t 
ar

e 
no

t 
al

w
ay

s 
av

ai
la

bl
e



406

K. H. Nuechterlein et al

In
te

rv
ie

w
-b

as
ed

 A
ss

es
sm

en
ts

T
es

t
C

og
ni

ti
ve

 
D

om
ai

n(
s)

 A
ss

es
se

d

A
va

ila
bi

lit
y 

to
 C

lin
ic

ia
ns

 
(C

om
pu

te
r-

iz
ed

 V
er

si
on

 
A

va
ila

bl
e;

 
√/

x)
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

pl
et

io
n:

 
S

co
ri

ng
 T

im
ea  

(m
in

)
R

ep
or

te
r

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

B
-C

A
T

S6,
72

,7
3

4 
do

m
ai

ns
:

• �
A

tt
en

ti
on

/v
ig

i-
la

nc
e

• �
V

er
ba

l l
ea

rn
in

g
• �

V
is

ua
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/
pr

ob
le

m
 s

ol
vi

ng

L
ic

en
si

ng
 f

ee
 

ap
pl

ie
s 

(✓
)

21
-i

te
m

 in
te

rv
ie

w
; r

at
er

 
sc

or
es

 a
lo

ng
 a

 5
0-

po
in

t 
sc

al
e 

ba
se

d 
on

 ju
dg

m
en

t 
of

 a
ll 

in
te

rv
ie

w
s 

to
 g

en
-

er
at

e 
a 

gl
ob

al
 r

at
in

g 
fr

om
 

1 
to

 1
0

10
–2

0:
2

• �
P

at
ie

nt
• �

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
A

ss
es

se
s 

4 
do

m
ai

ns
 t

o 
yi

el
d 

m
ea

su
re

 o
f 

gl
ob

al
 c

og
ni

ti
ve

 f
un

c-
ti

on
• �

E
xc

el
le

nt
 t

es
t–

re
te

st
 r

el
ia

bi
lit

y 
(I

C
C

:0
.9

9)
• �

E
xc

el
le

nt
 in

te
rn

al
 c

on
si

st
en

cy
• �

E
xc

el
le

nt
 c

on
st

ru
ct

 a
nd

 p
re

di
ct

iv
e 

va
lid

it
y

• �
M

in
im

al
 r

at
er

 t
ra

in
in

g 
re

qu
ir

ed
• �

Sh
or

t 
F

or
m

 v
er

si
on

 o
f 

th
e 

B
-C

A
T

S 
is

 a
va

ila
bl

e

• �
Se

ns
it

iv
e 

to
 

se
ve

re
–m

ild
 c

og
-

ni
ti

ve
 im

pa
ir

-
m

en
ts

 in
 p

at
ie

nt
s 

in
 a

ss
is

te
d-

liv
in

g 
fa

ci
lit

ie
s 

bu
t 

no
t 

va
lid

at
ed

 in
 p

a-
ti

en
ts

 w
it

h 
sc

hi
zo

-
ph

re
ni

a
• �

D
oe

s 
no

t 
al

lo
w

 
an

y 
pa

tt
er

n 
of

 
al

te
ra

ti
on

s 
to

 b
e 

ev
al

ua
te

d

N
ot

e:
 B

-C
A

T
S,

 B
ri

ef
 C

og
ni

ti
ve

 A
ss

es
sm

en
t 

To
ol

 fo
r 

Sc
hi

zo
ph

re
ni

a;
 C

A
I,

 C
og

ni
ti

ve
 A

ss
es

sm
en

t 
In

te
rv

ie
w

; I
C

C
, I

nt
ra

cl
as

s 
C

or
re

la
ti

on
; M

IC
, M

ea
su

re
m

en
t 

of
 I

ns
ig

ht
 in

to
 

C
og

ni
ti

on
 s

ca
le

; S
C

oR
S,

 S
ch

iz
op

hr
en

ia
 C

og
ni

ti
on

 R
at

in
g 

Sc
al

e.
a S

co
ri

ng
 t

im
es

 a
re

 e
st

im
at

ed
 b

as
ed

 o
n 

au
th

or
 e

xp
er

ie
nc

e.

T
ab

le
 1

. C
on

ti
nu

ed



407

Measuring Cognition in Clinical Practice
T

ab
le

 2
. �

Su
m

m
ar

y 
of

 P
er

fo
rm

an
ce

-b
as

ed
 A

ss
es

sm
en

ts
 C

ur
re

nt
ly

 U
se

d 
to

 M
ea

su
re

 C
IA

S 
W

it
hi

n 
th

e 
M

C
C

B
 a

nd
 T

he
ir

 A
pp

lic
ab

ili
ty

 t
o 

C
lin

ic
al

 S
et

ti
ng

s

P
er

fo
rm

an
ce

-b
as

ed
 A

ss
es

sm
en

ts
 a

s 
P

ar
t 

of
 t

he
 M

C
C

B

T
es

t
C

og
ni

ti
ve

 D
om

ai
ns

 
A

ss
es

se
d

A
va

ila
bi

lit
y 

to
 

C
lin

ic
ia

ns
 (

C
om

-
pu

te
ri

ze
d 

V
er

si
on

 
A

va
ila

bl
e;

 ✓
/✘

)
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

pl
et

io
n:

 
S

co
ri

ng
 

ti
m

ea  (
m

in
)

R
ep

or
te

r

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

• �
M

A
T

R
IC

S 
co

ns
en

su
s 

co
gn

it
iv

e 
ba

tt
er

y 
(M

C
C

B
)

M
C

C
B

 
fu

ll 
as

se
ss

-
m

en
t8,

9,
36

,3
7,

74

7 
do

m
ai

ns
;

• �
P

ro
ce

ss
in

g 
sp

ee
d

• �
A

tt
en

ti
on

/v
ig

ila
nc

e
• �

W
or

ki
ng

 m
em

or
y

• �
V

er
ba

l l
ea

rn
in

g
• �

V
is

ua
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/p
ro

bl
em

 
so

lv
in

g
• �

So
ci

al
 c

og
ni

ti
on

D
is

tr
ib

ut
io

n 
th

ro
ug

h 
P

sy
ch

o-
lo

gi
ca

l
A

ss
es

sm
en

t 
R

e-
so

ur
ce

s,
 I

nc
. (
✘

; 
so

m
e 

su
bt

es
ts

 a
nd

/
or

 s
co

ri
ng

 a
re

 c
om

-
pu

te
ri

ze
d)

10
 t

es
ts

 a
dm

in
is

te
re

d 
by

 c
lin

ic
ia

n
O

ut
co

m
e 

m
ea

su
re

: c
om

pu
te

r 
pr

o-
gr

am
 g

en
er

at
es

 in
di

vi
du

al
 t

es
t 

T
-s

co
re

s,
 c

og
ni

ti
ve

 d
om

ai
n 

T
-s

co
re

, 
ne

ur
oc

og
ni

ti
ve

 c
om

po
si

te
 T

-s
co

re
 

(n
on

-s
oc

ia
l c

og
ni

ti
on

) 
an

d 
ov

er
al

l 
co

m
po

si
te

 T
-s

co
re

60
:1

0
P

ro
fe

ss
io

na
l 

st
af

f 
m

em
be

r
• �

A
ss

es
se

s 
gl

ob
al

 c
og

ni
ti

ve
 

fu
nc

ti
on

 a
nd

 p
ro

fil
e 

of
 in

di
-

vi
du

al
 c

og
ni

ti
ve

 d
om

ai
ns

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 0
.8

8)
• �

G
oo

d 
co

rr
el

at
io

n 
w

it
h 

fu
nc

ti
on

al
 o

ut
co

m
e 

an
d 

hi
gh

 t
ol

er
ab

ili
ty

 b
y 

re
-

sp
on

de
nt

s
• �

St
an

da
rd

iz
ed

 b
at

te
ry

 t
ha

t 
al

lo
w

s 
co

m
pa

ri
so

n 
ac

ro
ss

 
in

st
it

ut
io

ns
• �

M
ul

ti
pl

e 
de

m
og

ra
ph

ic
 c

or
-

re
ct

io
ns

 a
re

 p
os

si
bl

e
• �

A
va

ila
bl

e 
in

 >
 3

5 
la

ng
ua

ge
s

• �
In

cl
ud

es
 m

ea
su

re
 o

f 
so

ci
al

 
co

gn
it

io
n

• �
R

eq
ui

re
s 

ra
te

r 
tr

ai
ni

ng
 

(a
pp

ro
x.

 1
 

da
y)

• �
R

eq
ui

re
s 

re
la

ti
ve

ly
 

lo
ng

 p
er

io
d 

of
 t

im
e 

to
 

ad
m

in
is

te
r

B
A

C
S:

 
sy

m
bo

l-
co

di
ng

36

P
ro

ce
ss

in
g 

sp
ee

d
L

ic
en

si
ng

 f
ee

 (
✓

)
P

ar
ti

ci
pa

nt
s 

as
si

gn
 n

um
be

rs
 t

o 
no

n-
m

ea
ni

ng
fu

l s
ym

bo
ls

.
O

ut
co

m
e 

m
ea

su
re

: I
te

m
s 

co
m

pl
et

ed
 

co
rr

ec
tl

y 
w

it
hi

n 
th

e 
90

 s
ec

on
d 

te
st

.

2:
1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

A
m

en
ab

le
 t

o 
co

m
pu

te
ri

ze
d 

de
liv

er
y 

an
d 

sc
or

in
g

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 0
.8

5)

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e
C

at
eg

or
y 

flu
-

en
cy

: a
ni

m
al

 
na

m
in

g36

F
re

e 
(✓

)
R

es
po

nd
en

ts
 s

ay
 a

s 
m

an
y 

an
im

al
s 

as
 p

os
si

bl
e 

w
it

hi
n 

60
 s

ec
on

ds
.

O
ut

co
m

e 
m

ea
su

re
s:

 T
ot

al
 a

ni
m

al
s 

na
m

ed

1:
1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

A
m

en
ab

le
 t

o 
co

m
pu

te
ri

ze
d 

de
liv

er
y 

an
d 

sc
or

in
g

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 0
.7

4)

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e
T

M
T

: P
ar

t A
36

F
re

e 
(✘

)
T

im
ed

 p
ap

er
-a

nd
-p

en
ci

l t
es

t;
 P

ar
t 

A
 r

eq
ui

re
s 

lin
ki

ng
 n

um
be

rs
 in

 s
e-

qu
en

ce
 a

s 
qu

ic
kl

y 
as

 p
os

si
bl

e
O

ut
co

m
e 

m
ea

su
re

: n
um

be
r 

of
 c

or
-

re
ct

 a
tt

em
pt

s 
in

 a
llo

tt
ed

 t
im

e

1:
1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

G
oo

d 
te

st
–r

et
es

t 
re

lia
bi

lit
y 

(I
C

C
: 0

.7
5)

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e
C

P
T

-I
P

36
A

tt
en

ti
on

/v
ig

ila
nc

e
L

ic
en

si
ng

 f
ee

 (
✓

)
C

om
pu

te
ri

ze
d 

te
st

 t
o 

id
en

ti
fy

 id
en

-
ti

ca
l s

ti
m

ul
us

 p
ai

rs
 w

it
hi

n 
a 

co
nt

in
-

uo
us

ly
 p

re
se

nt
ed

 s
er

ie
s 

of
 n

um
be

r 
st

im
ul

i
O

ut
co

m
e 

m
ea

su
re

: t
ar

ge
t 

de
te

ct
io

n 
ac

cu
ra

cy

12
:1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

C
om

pu
te

ri
ze

d 
de

liv
er

y 
an

d 
sc

or
in

g
• �

G
oo

d 
te

st
–r

et
es

t 
re

lia
bi

lit
y 

(I
C

C
: 0

.8
4)

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e



408

K. H. Nuechterlein et al

P
er

fo
rm

an
ce

-b
as

ed
 A

ss
es

sm
en

ts
 a

s 
P

ar
t 

of
 t

he
 M

C
C

B

T
es

t
C

og
ni

ti
ve

 D
om

ai
ns

 
A

ss
es

se
d

A
va

ila
bi

lit
y 

to
 

C
lin

ic
ia

ns
 (

C
om

-
pu

te
ri

ze
d 

V
er

si
on

 
A

va
ila

bl
e;

 ✓
/✘

)
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

pl
et

io
n:

 
S

co
ri

ng
 

ti
m

ea  (
m

in
)

R
ep

or
te

r

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

W
M

S®
-

II
I:

 S
pa

ti
al

 
Sp

an
36

W
or

ki
ng

 m
em

or
y 

(n
on

ve
rb

al
)

L
ic

en
si

ng
 f

ee
 

(✓
;c

om
pu

te
ri

ze
d 

C
am

br
id

ge
 C

og
ni

-
ti

on
 S

pa
ti

al
 S

pa
n 

T
es

t)

U
si

ng
 a

 b
oa

rd
 o

n 
w

hi
ch

 1
0 

cu
be

s 
ar

e 
ir

re
gu

la
rl

y 
sp

ac
ed

, r
es

po
nd

en
t 

ta
ps

 c
ub

es
 in

 s
am

e 
(o

r 
re

ve
rs

e)
 s

e-
qu

en
ce

 a
s 

te
st

 a
dm

in
is

tr
at

or
.

O
ut

co
m

e 
m

ea
su

re
: s

pa
n 

le
ng

th
 (

th
e 

lo
ng

es
t 

se
qu

en
ce

 s
uc

ce
ss

fu
lly

 r
e-

ca
lle

d)
, e

rr
or

s,
 n

um
be

r 
of

 a
tt

em
pt

s 
an

d 
la

te
nc

y 
(s

pe
ed

 o
f 

re
sp

on
se

).

4:
1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

A
m

en
ab

le
 t

o 
co

m
pu

te
ri

ze
d 

de
liv

er
y 

an
d 

sc
or

in
g

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 0
.7

4)

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e

L
et

te
r–

N
um

be
r 

Sp
an

36

W
or

ki
ng

 m
em

or
y 

(v
er

ba
l)

L
ic

en
si

ng
 f

ee
 (
✓

; 
co

m
pu

te
ri

ze
d 

C
am

-
br

id
ge

 C
og

ni
ti

on
 

D
ig

it
 S

pa
n 

te
st

)

R
es

po
nd

en
ts

 h
ea

r 
a 

se
qu

en
ce

 o
f 

di
gi

ts
 a

nd
 le

tt
er

s 
an

d 
th

en
 r

ec
it

e 
by

 n
um

be
r 

or
de

r 
fo

llo
w

ed
 b

y 
le

tt
er

 
or

de
r.

O
ut

co
m

e 
m

ea
su

re
: t

he
 lo

ng
es

t 
se

-
qu

en
ce

 s
uc

ce
ss

fu
lly

 r
ea

ch
ed

, a
nd

 
th

e 
to

ta
l a

tt
em

pt
s.

5:
1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

A
m

en
ab

le
 t

o 
co

m
pu

te
ri

ze
d 

de
liv

er
y 

an
d 

sc
or

in
g

• �
G

oo
d 

te
st

-r
e-

te
st

 r
el

ia
bi

lit
y 

(I
C

C
: 0

.7
8)

• �
St

ro
ng

 r
el

at
io

ns
hi

p 
to

 
gl

ob
al

 f
un

ct
io

na
l s

ta
tu

s

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e

H
V

LT
-R

36
V

er
ba

l l
ea

rn
in

g
L

ic
en

si
ng

 f
ee

 (
✘

)
12

 w
or

ds
 f

ro
m

 3
 t

ax
on

om
ic

 
ca

te
go

ri
es

 a
re

 o
ra

lly
 p

re
se

nt
ed

 a
nd

 
re

sp
on

de
nt

 r
ec

al
ls

 a
s 

m
an

y 
as

 p
os

-
si

bl
e 

af
te

r 
ea

ch
 o

f 
3 

le
ar

ni
ng

 t
ri

al
s.

O
ut

co
m

e 
m

ea
su

re
: r

aw
 s

co
re

s 
de

-
ri

ve
d 

fo
r 

To
ta

l R
ec

al
l

3:
1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

G
oo

d 
te

st
–r

et
es

t 
re

lia
bi

lit
y 

(I
C

C
: 0

.6
8)

• �
A

va
ila

bi
lit

y 
of

 s
ix

 p
ar

al
le

l 
fo

rm
s 

m
ay

 b
e 

he
lp

fu
l f

or
 

cl
in

ic
al

 t
ri

al
s 

w
it

h 
m

ul
ti

pl
e 

te
st

 o
cc

as
io

ns

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e

B
V

M
T

-R
36

V
is

ua
l l

ea
rn

in
g

L
ic

en
si

ng
 f

ee
 (
✘

)
P

ar
ti

ci
pa

nt
 r

ep
ro

du
ce

s 
si

x 
ge

o-
m

et
ri

c 
fig

ur
es

 f
ro

m
 m

em
or

y 
af

te
r 

3 
le

ar
ni

ng
 t

ri
al

s:
 s

ti
m

ul
us

 v
ie

w
ed

 fo
r 

10
 s

ec
on

ds
.

O
ut

co
m

e 
m

ea
su

re
: r

aw
 s

co
re

s 
fo

r 
to

ta
l r

ec
al

l

4:
3

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

G
oo

d 
te

st
–r

et
es

t 
re

lia
bi

lit
y 

(I
C

C
: 0

.7
1)

• �
A

va
ila

bi
lit

y 
of

 s
ix

 p
ar

al
le

l 
fo

rm
s

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e

N
A

B
: 

M
az

es
36

,7
5

R
ea

so
ni

ng
 a

nd
 

pr
ob

le
m

 s
ol

vi
ng

L
ic

en
si

ng
 f

ee
 (
✘

)
7 

ti
m

ed
 p

ap
er

-a
nd

-p
en

ci
l m

az
es

 
of

 in
cr

ea
si

ng
 d

iffi
cu

lt
y 

to
 m

ea
su

re
 

fo
re

si
gh

t 
an

d 
pl

an
ni

ng
O

ut
co

m
e 

m
ea

su
re

: t
ot

al
 r

aw
 s

co
re

10
:1

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

A
m

en
ab

le
 t

o 
co

m
pu

te
ri

ze
d 

de
liv

er
y 

an
d 

sc
or

in
g

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 0
.8

3)

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e
M

SC
E

IT
: 

m
an

ag
in

g 
em

ot
io

ns
36

So
ci

al
 c

og
ni

ti
on

L
ic

en
si

ng
 f

ee
 (
✘

)
P

ap
er

-a
nd

-p
en

ci
l m

ul
ti

pl
e-

ch
oi

ce
 

te
st

 t
ha

t 
as

se
ss

es
 h

ow
 p

eo
pl

e 
m

an
ag

e 
em

ot
io

ns
 o

f 
se

lf
 a

nd
 o

th
er

s
O

ut
co

m
e 

m
ea

su
re

: b
ra

nc
h 

sc
or

e 
us

in
g 

ge
ne

ra
l c

on
se

ns
us

 s
co

ri
ng

11
:5

P
ro

fe
ss

io
na

l 
st

af
f 

m
em

be
r

• �
B

ri
ef

 t
es

ti
ng

 t
im

e
• �

G
oo

d 
te

st
–r

et
es

t 
re

lia
bi

lit
y 

(I
C

C
: 0

.7
3)

• �
St

ro
ng

 r
el

at
io

ns
hi

p 
to

 
gl

ob
al

 f
un

ct
io

na
l s

ta
tu

s

• �
L

im
it

ed
 t

o 
1 

co
gn

it
iv

e 
do

m
ai

n 
w

he
n 

pe
rf

or
m

ed
 

al
on

e

N
ot

e:
 B

A
C

S,
 B

ri
ef

 A
ss

es
sm

en
t 

of
 C

og
ni

ti
on

 in
 S

ch
iz

op
hr

en
ia

; B
V

M
T

-R
, B

ri
ef

 V
is

uo
sp

at
ia

l M
em

or
y 

T
es

t-
R

ev
is

ed
; C

P
T

-I
P,

 C
on

ti
nu

ou
s 

P
er

fo
rm

an
ce

 T
es

t—
Id

en
ti

ca
l P

ai
rs

; 
H

V
LT

-R
, H

op
ki

ns
 V

er
ba

l L
ea

rn
in

g 
T

es
t-

R
ev

is
ed

; I
C

C
, i

nt
ra

cl
as

s 
co

rr
el

at
io

n;
 M

SC
E

IT
, M

ay
er

–S
al

ov
ey

-5
 C

ar
us

o 
E

m
ot

io
na

l I
nt

el
lig

en
ce

 T
es

t;
 N

A
B

, N
eu

ro
ps

yc
ho

lo
gi

ca
l A

s-
se

ss
m

en
t 

B
at

te
ry

; T
M

T,
 T

ra
il 

M
ak

in
g 

T
es

t;
 V

F
T,

 W
M

S-
II

I,
 W

ec
hs

le
r 

M
em

or
y 

Sc
al

e-
3r

d 
E

di
ti

on
.

a S
co

ri
ng

 t
im

es
 a

re
 e

st
im

at
ed

 b
as

ed
 o

n 
au

th
or

 e
xp

er
ie

nc
e.

T
ab

le
 2

. C
on

ti
nu

ed



409

Measuring Cognition in Clinical Practice

T
ab

le
 3

. 
Su

m
m

ar
y 

of
 P

er
fo

rm
an

ce
-b

as
ed

 A
ss

es
sm

en
ts

 O
ut

si
de

 o
f 

M
C

C
B

 C
ur

re
nt

ly
 U

se
d 

to
 M

ea
su

re
 C

IA
S 

an
d 

T
he

ir
 A

pp
lic

ab
ili

ty
 t

o 
C

lin
ic

al
 S

et
ti

ng
s

O
th

er
 P

er
fo

rm
an

ce
-b

as
ed

 A
ss

es
sm

en
ts

 t
ha

t 
ar

e 
no

t 
C

om
po

ne
nt

s 
of

 t
he

 M
C

C
B

T
es

t
C

og
ni

ti
ve

 D
om

ai
ns

 A
s-

se
ss

ed

A
va

ila
bi

lit
y 

to
 C

lin
ic

ia
ns

 
(C

om
pu

te
ri

ze
d 

V
er

si
on

 A
va

il-
ab

le
; ✓

/✘
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

-
pl

et
io

n:
 

S
co

ri
ng

a  
T

im
e 

(m
in

)
R

e-
po

rt
er

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

C
A

N
T

A
B

76
–7

8
6 

do
m

ai
ns

;
• �

P
ro

ce
ss

in
g 

sp
ee

d
• �

A
tt

en
ti

on
/v

ig
ila

nc
e

• �
W

or
ki

ng
 m

em
or

y
• �

V
is

ua
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/p
ro

bl
em

 
so

lv
in

g
• �

P
sy

ch
os

oc
ia

l f
un

c-
ti

on
in

g

L
ic

en
si

ng
 f

ee
; 

av
ai

la
bl

e 
fr

om
 

C
am

br
id

ge
 

C
og

ni
ti

on
 (
✓

)

8 
C

A
N

T
A

B
 t

es
ts

 
pr

ov
id

ed
 fo

r 
sc

hi
zo

ph
re

ni
ab

O
ut

co
m

e 
m

ea
su

re
: 

in
di

vi
du

al
 t

as
k 

Z
-s

co
re

s 
an

d 
co

m
-

po
si

te
 s

co
re

45
:5

P
ro

fe
s-

si
on

al
 

st
af

f 
m

em
be

r

• �
C

om
pu

te
ri

ze
d 

ba
tt

er
y 

w
it

h 
st

an
da

rd
iz

ed
 

de
liv

er
y

• �
Se

ns
it

iv
e 

to
 p

ha
rm

ac
ol

og
ic

al
 a

nd
 e

nv
i-

ro
nm

en
ta

l e
ff

ec
ts

 in
 h

ea
lt

hy
 a

nd
 p

at
ie

nt
 

po
pu

la
ti

on
s

• �
E

st
ab

lis
he

d 
co

rr
el

at
io

ns
 w

it
h 

ne
ur

oc
og

ni
ti

on
 a

nd
 w

it
h 

fu
nc

ti
on

al
 o

ut
-

co
m

es
• �

A
ss

es
se

s 
m

ul
ti

pl
e 

co
gn

it
iv

e 
do

m
ai

ns
• �

N
o 

te
ch

ni
ca

l k
no

w
le

dg
e 

or
 t

ra
in

in
g 

re
-

qu
ir

ed
• �

L
an

gu
ag

e-
in

de
pe

nd
en

t
• �

H
as

 t
ra

ns
la

ti
on

al
 u

ti
lit

y

• �
R

el
at

iv
el

y 
lo

ng
 

ad
m

in
is

tr
at

io
n 

ti
m

e
• �

Sp
ec

ia
liz

ed
 

co
m

pu
te

r 
eq

ui
pm

en
t

B
A

C
S79

–8
1

5 
do

m
ai

ns
 &

 M
ot

or
 f

un
c-

ti
on

;
• �

P
ro

ce
ss

in
g 

sp
ee

d
• �

A
tt

en
ti

on
/v

ig
ila

nc
e

• �
W

or
ki

ng
 m

em
or

y
• �

V
er

ba
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/p
ro

bl
em

 
so

lv
in

g

L
ic

en
si

ng
 

fe
e;

 A
va

ila
bl

e 
fr

om
 W

C
G

 
C

lin
ic

al
 (
✓

)

6 
B

A
C

S 
te

st
sc

O
ut

co
m

e 
m

ea
su

re
: 

in
di

vi
du

al
 t

as
k 

Z
-s

co
re

s 
an

d 
co

m
-

po
si

te
 s

co
re

30
–3

5:
5 

(l
on

ge
r 

sc
or

in
g 

ti
m

e 
fo

r 
pe

n/
pa

pe
r 

ve
rs

io
n)

P
ro

fe
s-

si
on

al
 

st
af

f 
m

em
be

r

• �
A

ss
es

se
s 

m
ul

ti
pl

e 
do

m
ai

ns
 t

o 
yi

el
d 

a 
m

ea
su

re
 o

f 
gl

ob
al

 c
og

ni
ti

ve
 f

un
ct

io
n

• �
Sc

ie
nt

ifi
ca

lly
 v

al
id

at
ed

• �
L

ar
ge

 d
at

ab
as

e 
of

 a
va

ila
bl

e 
no

rm
at

iv
e 

da
ta

• �
A

lt
er

na
te

 fo
rm

s 
fo

r 
re

pe
at

ed
 t

es
ti

ng
• �

A
ut

om
at

ed
 r

es
po

ns
e 

ca
pt

ur
e 

an
d 

sc
or

in
g

• �
G

oo
d 

re
lia

bi
lit

y 
(I

C
C

: 0
.7

8–
0.

93
) 

an
d 

se
ns

it
iv

it
y 

to
 im

pa
ir

m
en

t
• �

E
as

y 
to

 a
dm

in
is

te
r 

an
d 

ca
n 

be
 s

co
re

d 
by

 
no

n-
ps

yc
ho

lo
gi

st
s

• �
A

va
ila

bl
e 

in
 m

ul
ti

pl
e 

la
ng

ua
ge

s

• �
C

om
pu

te
ri

ze
d 

ve
rs

io
n 

re
qu

ir
es

 
pa

ti
en

t 
fa

m
il-

ia
ri

ty
 w

it
h 

co
m

-
pu

te
rs

R
B

A
N

S82
–8

6
5 

do
m

ai
ns

;
• �

Im
m

ed
ia

te
 m

em
or

y
• �

V
is

uo
sp

at
ia

l/c
on

st
ru

c-
ti

on
al

 a
bi

lit
y

• �
L

an
gu

ag
e

• �
A

tt
en

ti
on

• �
D

el
ay

ed
 m

em
or

y

L
ic

en
si

ng
 f

ee
; 

av
ai

la
bl

e 
fr

om
 

B
ra

in
w

or
x 

(✘
)

12
 R

B
A

N
S 

te
st

sd :
O

ut
co

m
e 

m
ea

su
re

: 
in

di
vi

du
al

 t
as

k 
Z

-s
co

re
s 

an
d 

co
m

-
po

si
te

 s
co

re

25
:1

0
P

ro
fe

s-
si

on
al

 
st

af
f 

m
em

be
r

• �
A

ss
es

se
s 

5 
do

m
ai

ns
 t

o 
yi

el
d 

a 
m

ea
su

re
 o

f 
gl

ob
al

 c
og

ni
ti

ve
 f

un
ct

io
ni

ng
• �

Sc
ie

nt
ifi

ca
lly

 v
al

id
at

ed
• �

G
oo

d 
re

lia
bi

lit
y 

(I
C

C
: 0

.8
4)

 a
nd

 s
en

si
-

ti
vi

ty
 t

o 
co

gn
it

iv
e 

im
pa

ir
m

en
t

• �
E

as
y 

to
 a

dm
in

is
te

r
• �

A
va

ila
bl

e 
in

 m
ul

ti
pl

e 
la

ng
ua

ge
s

• �
Id

en
ti

fie
s 

pa
tt

er
n 

of
 c

og
ni

ti
ve

 im
pa

ir
m

en
t

• �
R

eq
ui

re
s 

so
m

e 
tr

ai
ni

ng
• �

P
ro

fil
e 

of
 

pa
ti

en
t’s

 c
og

ni
-

ti
ve

 s
tr

en
gt

hs
 

an
d 

w
ea

kn
es

se
s 

di
ff

er
s 

fr
om

 t
he

 
M

C
C

B
 d

om
ai

ns



410

K. H. Nuechterlein et al

O
th

er
 P

er
fo

rm
an

ce
-b

as
ed

 A
ss

es
sm

en
ts

 t
ha

t 
ar

e 
no

t 
C

om
po

ne
nt

s 
of

 t
he

 M
C

C
B

T
es

t
C

og
ni

ti
ve

 D
om

ai
ns

 A
s-

se
ss

ed

A
va

ila
bi

lit
y 

to
 C

lin
ic

ia
ns

 
(C

om
pu

te
ri

ze
d 

V
er

si
on

 A
va

il-
ab

le
; ✓

/✘
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

-
pl

et
io

n:
 

S
co

ri
ng

a  
T

im
e 

(m
in

)
R

e-
po

rt
er

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

C
og

St
at

e 
co

m
pu

te
ri

ze
d 

ba
tt

er
y87

–9
1

7 
do

m
ai

ns
;

• �
P

ro
ce

ss
in

g 
sp

ee
d

• �
A

tt
en

ti
on

/v
ig

ila
nc

e
• �

W
or

ki
ng

 m
em

or
y

• �
V

er
ba

l l
ea

rn
in

g
• �

V
is

ua
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/p
ro

bl
em

 
so

lv
in

g
• �

So
ci

al
 c

og
ni

ti
on

L
ic

en
si

ng
 f

ee
; 

av
ai

la
bl

e 
fr

om
 

C
og

St
at

e 
L

td
 

(✓
)

C
us

to
m

iz
ed

 s
el

ec
-

ti
on

 o
f 

co
m

pu
te

r-
iz

ed
 t

as
ks

e

O
ut

co
m

e 
m

ea
s-

ur
es

: i
nd

iv
id

ua
l 

ta
sk

 Z
-s

co
re

s 
an

d 
co

m
po

si
te

 s
co

re

20
–4

0:
5 

(a
dm

in
-

is
tr

at
io

n 
ti

m
es

 v
ar

y 
de

pe
nd

in
g 

on
 

nu
m

be
r 

of
 t

es
ts

 
in

cl
ud

ed
)

P
ro

fe
s-

si
on

al
 

st
af

f 
m

em
be

r

• �
C

om
pu

te
ri

ze
d 

ba
tt

er
y 

w
it

h 
st

an
da

rd
iz

ed
 

de
liv

er
y

• �
A

va
ila

bl
e 

in
 b

ri
ef

 fo
rm

at
 if

 a
ll 

do
m

ai
ns

 
no

t 
te

st
ed

• �
V

ar
ia

bl
e 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 
0.

58
–0

.8
4)

• �
Se

ns
it

iv
it

y 
to

 c
og

ni
ti

ve
 im

pa
ir

m
en

t
• �

E
st

ab
lis

he
d 

co
rr

el
at

io
ns

 w
it

h 
de

fic
it

s 
in

 
M

C
C

B
 c

og
ni

ti
ve

 d
om

ai
ns

• �
A

ss
es

se
s 

7 
co

gn
it

iv
e 

do
m

ai
ns

 t
o 

yi
el

d 
gl

ob
al

 m
ea

su
re

 o
f 

co
gn

it
iv

e 
fu

nc
ti

on
• �

N
o 

te
ch

ni
ca

l k
no

w
le

dg
e 

or
 t

ra
in

in
g 

re
-

qu
ir

ed
• �

L
an

gu
ag

e-
in

de
pe

nd
en

t 
w

it
h 

tr
an

sl
at

io
na

l 
ut

ili
ty

• �
R

eq
ui

re
s 

pa
ti

en
t 

fa
m

ili
ar

it
y 

w
it

h 
co

m
pu

te
rs

B
C

A
92

9 
do

m
ai

ns
;

• �
P

ro
ce

ss
in

g 
sp

ee
d

• �
A

tt
en

ti
on

/v
ig

ila
nc

e
• �

V
er

ba
l l

ea
rn

in
g

• �
R

ea
so

ni
ng

/p
ro

bl
em

 
so

lv
in

g

T
M

T
 a

nd
 

V
F

T
 a

re
 f

re
e;

 
L

ic
en

si
ng

 f
ee

 
fo

r 
H

V
LT

-R
 

(✘
)

3 
te

st
s:

 V
F

T
 

(l
et

te
rs

 a
nd

 
ca

te
go

ri
es

),
 T

M
T

 
pa

rt
s 

A
 a

nd
 B

, 
an

d 
H

V
LT

-R
O

ut
co

m
e 

m
ea

s-
ur

es
: i

nd
iv

id
ua

l 
ta

sk
 Z

-s
co

re
s 

an
d 

co
m

po
si

te
 s

co
re

12
:3

P
ro

fe
s-

si
on

al
 

st
af

f 
m

em
be

r

• �
R

el
at

iv
el

y 
qu

ic
k 

an
d 

ea
sy

 t
o 

ad
m

in
is

te
r, 

sc
or

e,
 a

nd
 in

te
rp

re
t

• �
G

oo
d 

te
st

–r
et

es
t 

re
lia

bi
lit

y 
(I

C
C

: 0
.8

2)
• �

E
st

ab
lis

he
d 

in
te

r-
it

em
 c

on
si

st
en

cy
• �

Se
ns

it
iv

e 
to

 t
re

at
m

en
t 

ef
fe

ct
s

• �
M

in
im

al
 t

ra
in

in
g 

re
qu

ir
ed

• �
D

at
ab

as
es

 o
f 

no
rm

at
iv

e 
da

ta
 f

ac
ili

ta
te

 
co

m
pa

ri
so

n 
of

 in
di

vi
du

al
 s

co
re

s 
w

it
h 

re
f-

er
en

ce
 g

ro
up

s

• �
L

ac
ks

 b
re

ad
th

 
of

 c
og

ni
ti

ve
 

as
se

ss
m

en
t 

pr
ov

id
ed

 b
y 

fu
ll 

as
se

ss
m

en
t 

ba
t-

te
ri

es
• �

To
o 

fe
w

 d
o-

m
ai

ns
 t

o 
es

ta
b-

lis
h 

pr
ofi

le
 o

f 
de

fic
it

s
P

en
n 

C
N

B
93

–9
6

9 
do

m
ai

ns
• �

A
bs

tr
ac

ti
on

 a
nd

 m
en

ta
l 

fle
xi

bi
lit

y
• �

A
tt

en
ti

on
• �

W
or

ki
ng

 m
em

or
y

• �
E

pi
so

di
c 

m
em

or
y

• �
L

an
gu

ag
e 

re
as

on
in

g
• �

Sp
at

ia
l p

ro
ce

ss
in

g
• �

Se
ns

or
im

ot
or

• �
M

ot
or

 s
pe

ed
• �

E
m

ot
io

n 
id

en
ti

fic
at

io
n 

(s
oc

ia
l c

og
ni

ti
on

)

F
re

e 
an

d 
pu

b-
lic

ly
 a

va
ila

bl
e 

(✓
)

A
 c

ol
le

ct
io

n 
of

 
co

m
pu

te
ri

ze
d 

ta
sk

s 
th

at
 m

ea
su

re
 

ne
ur

oc
og

ni
ti

ve
 

fu
nc

ti
on

s
O

ut
co

m
e 

m
ea

s-
ur

es
: i

nd
iv

id
ua

l 
ta

sk
 s

pe
ed

/a
cc

u-
ra

cy
 Z

-s
co

re
s 

an
d 

co
m

po
si

te
 s

co
re

60
:5

 
(a

dm
in

-
is

tr
at

io
n 

ti
m

es
 v

ar
y 

de
pe

nd
in

g 
on

 
nu

m
be

r 
of

 t
es

ts
 

in
cl

ud
ed

)

P
ro

fe
s-

si
on

al
 

st
af

f 
m

em
-

be
rs

• �
C

om
pu

te
ri

ze
d 

ba
tt

er
y 

w
it

h 
st

an
da

rd
iz

ed
 

de
liv

er
y

• �
T

es
ts

 b
as

ed
 o

n 
ne

ur
ob

eh
av

io
ra

l f
un

ct
io

ns
 

as
so

ci
at

ed
 w

it
h 

es
ta

bl
is

he
d 

br
ai

n-
sy

st
em

s
• �

M
od

er
at

e 
to

 h
ig

h 
re

lia
bi

lit
y 

de
pe

nd
in

g 
on

 t
he

 t
es

t 
(C

ro
nb

ac
hs

 A
lp

ha
 c

oe
ffi

ci
en

ts
 

0.
55

–0
.9

8)
• �

G
oo

d 
co

ns
tr

uc
t 

va
lid

it
y

• �
Se

ns
it

iv
e 

to
 g

en
de

r 
an

d 
ag

e 
ef

fe
ct

s
• �

M
in

im
al

 t
ra

in
in

g 
re

qu
ir

ed

• �
R

eq
ui

re
s 

pa
ti

en
t 

fa
m

ili
ar

it
y 

w
it

h 
co

m
pu

te
rs

T
ab

le
 3

. C
on

ti
nu

ed



411

Measuring Cognition in Clinical Practice

O
th

er
 P

er
fo

rm
an

ce
-b

as
ed

 A
ss

es
sm

en
ts

 t
ha

t 
ar

e 
no

t 
C

om
po

ne
nt

s 
of

 t
he

 M
C

C
B

T
es

t
C

og
ni

ti
ve

 D
om

ai
ns

 A
s-

se
ss

ed

A
va

ila
bi

lit
y 

to
 C

lin
ic

ia
ns

 
(C

om
pu

te
ri

ze
d 

V
er

si
on

 A
va

il-
ab

le
; ✓

/✘
D

es
cr

ip
ti

on

E
st

im
at

ed
 

C
om

-
pl

et
io

n:
 

S
co

ri
ng

a  
T

im
e 

(m
in

)
R

e-
po

rt
er

Su
it

ab
ili

ty
 fo

r 
C

lin
ic

al
 S

et
ti

ng
s

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es

N
IH

 
To

ol
bo

x97
,9

8
6 

(c
og

ni
ti

ve
) 

do
m

ai
ns

• �
E

xe
cu

ti
ve

 f
un

ct
io

n
• �

A
tt

en
ti

on
• �

W
or

ki
ng

 m
em

or
y

• �
E

pi
so

di
c 

m
em

or
y

• �
L

an
gu

ag
e

• �
P

ro
ce

ss
in

g 
sp

ee
d

F
re

e 
an

d 
pu

b-
lic

ly
 a

va
ila

bl
e 

(✓
)

C
om

pi
la

ti
on

 o
f 

47
 

co
m

pu
te

ri
ze

d 
ta

sk
s 

to
 a

ss
es

s 
fu

nc
-

ti
on

in
g 

of
 in

di
vi

d-
ua

ls
 a

cr
os

s 
th

ei
r 

lif
e 

sp
an

O
ut

co
m

e 
m

ea
su

re
s:

 
in

di
vi

du
al

 t
as

k 
Z

-s
co

re
s 

an
d 

co
m

-
po

si
te

 s
co

re

12
0:

5 
(a

dm
in

-
is

tr
at

io
n 

ti
m

es
 v

ar
y 

de
pe

nd
in

g 
on

 
nu

m
be

r 
of

 t
es

ts
 

in
cl

ud
ed

)

P
ro

fe
s-

si
on

al
 

st
af

f 
m

em
-

be
rs

• �
G

oo
d 

re
lia

bi
lit

y 
(I

C
C

: 0
.7

8–
0.

99
)

• �
Se

ns
it

iv
e 

to
 d

ev
el

op
m

en
ta

l c
ha

ng
es

• �
Se

ns
it

iv
e 

to
 r

ac
ia

l, 
ge

nd
er

 a
nd

 a
ge

 e
ff

ec
ts

• �
A

pp
lic

ab
le

 a
cr

os
s 

a 
di

ve
rs

e 
cl

in
ic

al
 p

op
u-

la
ti

on
 a

nd
 g

en
er

al
 p

op
ul

at
io

n

• �
O

ri
gi

na
lly

 
de

ve
lo

pe
d 

fo
r 

re
se

ar
ch

 u
se

• �
R

eq
ui

re
s 

op
-

ti
m

iz
at

io
n 

fo
r 

cl
in

ic
al

 u
ti

liz
a-

ti
on

N
ot

e:
 B

A
C

S,
 B

ri
ef

 A
ss

es
sm

en
t 

of
 C

og
ni

ti
on

 in
 S

ch
iz

op
hr

en
ia

; B
C

A
, B

ri
ef

 C
og

ni
ti

ve
 A

ss
es

sm
en

t;
 C

A
N

T
A

B
, C

am
br

id
ge

 N
eu

ro
ps

yc
ho

lo
gi

ca
l T

es
t 

A
ut

om
at

ed
 B

at
te

ry
; C

N
B

, 
C

om
pu

te
ri

ze
d 

N
eu

ro
co

gn
it

iv
e 

B
at

te
ry

; H
V

LT
-R

, H
op

ki
ns

 V
er

ba
l L

ea
rn

in
g 

T
es

t-
R

ev
is

ed
; M

SC
E

IT
, M

ay
er

–S
al

ov
ey

–C
ar

us
o 

E
m

ot
io

na
l I

nt
el

lig
en

ce
 T

es
t;

 N
IH

, N
at

io
na

l I
ns

ti
-

tu
te

s 
of

 H
ea

lt
h;

 R
B

A
N

S,
 R

ep
ea

ta
bl

e 
B

at
te

ry
 fo

r 
th

e 
A

ss
es

sm
en

t 
of

 N
eu

ro
ps

yc
ho

lo
gi

ca
l S

ta
tu

s;
 T

M
T,

 T
ra

il 
M

ak
in

g 
T

es
t;

 V
F

T,
 V

er
ba

l F
lu

en
cy

 T
es

t.
a F

or
 c

om
pu

te
ri

ze
d 

as
se

ss
m

en
ts

, s
co

re
 c

al
cu

la
ti

on
 t

im
e 

is
 e

st
im

at
ed

 b
as

ed
 o

n 
au

th
or

 e
xp

er
ie

nc
e 

at
 a

pp
ro

xi
m

at
el

y 
3–

10
 m

in
 d

ep
en

di
ng

 o
n 

th
e 

te
st

.
b I

nd
iv

id
ua

l t
es

ts
 (

co
m

pl
et

io
n 

ti
m

es
) 

co
ns

is
t 

of
 R

ea
ct

io
n 

T
im

e,
 P

ai
re

d 
A

ss
oc

ia
te

s 
L

ea
rn

in
g,

 O
ne

 T
ou

ch
 S

to
ck

in
gs

 o
f 

C
am

br
id

ge
, M

ul
ti

ta
sk

in
g 

T
es

t,
 R

ap
id

 V
is

ua
l I

nf
or

m
at

io
n 

P
ro

ce
ss

in
g,

 E
m

ot
io

n 
R

ec
og

ni
ti

on
 T

as
k,

 S
pa

ti
al

 W
or

ki
ng

 M
em

or
y 

SW
M

, a
nd

 V
er

ba
l R

ec
og

ni
ti

on
 M

em
or

y.
c I

nd
iv

id
ua

l t
es

ts
 c

on
si

st
 o

f 
V

er
ba

l M
em

or
y,

 D
ig

it
 S

eq
ue

nc
in

g,
 T

ok
en

 M
ot

or
 T

as
k,

 S
em

an
ti

c 
F

lu
en

cy
 &

 L
et

te
r 

F
lu

en
cy

 T
as

ks
, S

ym
bo

l C
od

in
g,

 a
nd

 T
ow

er
 o

f 
L

on
do

n.
d I

nd
iv

id
ua

l t
es

ts
 in

cl
ud

e 
as

se
ss

m
en

ts
 fo

r 
lis

t 
le

ar
ni

ng
, s

to
ry

 im
m

ed
ia

te
 m

em
or

y,
 fi

gu
re

 c
op

y,
 li

ne
 o

ri
en

ta
ti

on
, p

ic
tu

re
 n

am
in

g,
 s

em
an

ti
c 

flu
en

cy
, d

ig
it

 s
pa

n,
 c

od
in

g,
 li

st
 r

ec
al

l, 
lis

t 
re

co
gn

it
io

n,
 s

to
ry

 d
el

ay
ed

 r
ec

al
l, 

an
d 

fig
ur

e 
re

ca
ll.

e I
nd

iv
id

ua
l t

es
t 

co
ns

is
t 

of
 B

eh
av

io
ra

l P
at

te
rn

 S
ep

ar
at

io
n 

O
bj

ec
t 

T
es

t,
 C

on
ti

nu
ou

s 
P

ai
re

d 
A

ss
oc

ia
te

 L
ea

rn
in

g 
T

es
t,

 D
et

ec
ti

on
 T

es
t,

 F
ac

e 
N

am
e 

A
ss

oc
ia

ti
ve

 M
em

or
y 

E
xa

m
, 

F
in

ge
r 

T
ap

pi
ng

 T
es

t,
 G

ro
to

n 
M

az
e 

L
ea

rn
in

g 
T

es
t,

 I
de

nt
ifi

ca
ti

on
 T

es
t,

 I
nt

er
na

ti
on

al
 D

ai
ly

 S
ym

bo
l S

ub
st

it
ut

io
n 

T
es

t—
M

ed
ic

in
es

, I
nt

er
na

ti
on

al
 D

ig
it

 S
ym

bo
l S

ub
st

it
ut

io
n 

T
es

t—
Sy

m
bo

ls
, I

nt
er

na
ti

on
al

 S
ho

pp
in

g 
L

is
t 

T
es

t,
 O

ne
 B

ac
k 

T
es

t,
 O

ne
 C

ar
d 

L
ea

rn
in

g 
T

es
t,

 P
sy

ch
om

ot
or

 V
ig

ila
nc

e 
T

es
t,

 S
oc

ia
l-

E
m

ot
io

na
l C

og
ni

ti
on

 T
es

t,
 S

us
ta

in
ed

 A
tt

en
ti

on
 

T
es

t,
 S

us
ta

in
ed

 A
tt

en
ti

on
 t

o 
R

es
po

ns
e 

T
es

t,
 a

nd
 T

w
o 

B
ac

k 
T

es
t.

T
ab

le
 3

. C
on

ti
nu

ed



412

K. H. Nuechterlein et al

and the BACS-Symbol Coding task that measure speed 
of processing have been correlated with social function 
in patients with schizophrenia.102,103 Another brief  com-
puterized measure, the Continuous Performance Test—
Identical Pairs task (CPT-IP), provides a sensitive and 
reliable measure of attention in healthy individuals and 
patients.104–109 While small practice effects over repeated 
assessments would need consideration,106,108 CPT-IP total 
score exhibits excellent test–retest reliability and may be 
suited to assessment of sustained attention in clinical 
settings.106

Deficits in working memory processing can impact on 
higher cognitive functioning in schizophrenia110 and are 
predictive of functional outcome,111 highlighting its im-
portance as a focus for cognitive assessment. Short-term 
spatial memory is reported to correlate directly with ge-
netic predisposition to schizophrenia, suggesting this is a 
heritable trait (endophenotype) for schizophrenia.112 The 
Spatial Span from the Wechsler Memory Scale—revision 
3 (WMS-III: Spatial Span) is recommended for the as-
sessment of spatial working memory, which refers to the 
faculty of temporarily encoding, storing, and retrieving 
visuospatial information for adaptive use that is impaired 
in patients with schizophrenia.113,114 This assessment has 
been shown to detect age-related decline in spatial working 
memory115 and specific cognitive deficits across a range of 
psychotic proband groups and in their first-degree rela-
tives.116 Paralleling the WMS-III Spatial Span for verbal 
working memory is the letter–number span test, requiring 
only 6 min to administer.117,118 Computerized versions of 
both the letter–number and spatial span tests have been 
developed as part of the Cambridge Neuropsychological 
Test Automated Battery (CANTAB) assessment and fa-
cilitate delivery and scoring of these assessments.119

Cognitive Assessments of Intermediate Duration (20–
40 Min Administration Time)

The BACS: 30–35 Min Administration Time  The BACS 
has little additional time needed for scoring and minimal 
training requirements.79 This test is portable and easy to use, 
yielding high test–retest reliability and completion rates in 
patients.79–81 The BACS includes six tests that assess four 
of the most consistently-affected cognitive domains (Table 
3).79 A digital version of the BACS for tablet-based delivery 
(BAC App) has been developed, allowing standardized 
administration, reduced rater-related error variance, and 
more efficient automated scoring.120 The BACS is able to 
assess aspects of cognition that correlate with important 
everyday functioning measures in clinical trials of cogni-
tive enhancement80 and has been validated in a number of 
languages.81,121–126 This assessment was as sensitive to global 
cognitive change following treatment as the more time-
intensive Clinical Antipsychotic Trials of Intervention 
Effectiveness (CATIE) neuropsychological battery in 

patients with schizophrenia,127 supporting the potential 
usefulness of this abbreviated cognitive battery in clinical 
contexts.

Repeatable Battery for the Assessment of Neuropsychological 
Status (RBANS): 25–35 Min Administration Time  The 
RBANS was designed as an abbreviated cognitive 
screening tool that could be utilized by professionals with 
varying levels of training and experience.83 Similar to 
the previous cognitive assessment batteries, the RBANS 
produces reliable and valid measures of global cognitive 
functioning that correlate well with overall scores from 
comprehensive batteries.83,128,129 The RBANS provides 
valuable information about the pattern of cognitive alter-
ations in patients, correlates significantly with standard 
measures of intelligence and memory, is largely inde-
pendent of symptom severity, and has been validated as 
a useful screening assessment of cognitive impairments 
in patients with schizophrenia and adolescents with psy-
chotic symptoms.82,84

CogState Computerized Battery: 20–40 Min Administration 
Time  The CogState computerized battery represents a 
standard computerized assessment that was created as a 
non-language-based alternative to the MCCB with sim-
ilar test–retest reliability87; however, MCCB domains cor-
relate better with social skills performance, presenting a 
potential advantage over the CogState in the measure-
ment of cognitive functioning.88

Social Cognitive Assessments

Reduced social motivation, misinterpretations of the so-
cial intent of others, and impaired ability to develop so-
cial relationships, can contribute significantly to poor daily 
functioning in schizophrenia. In contrast to non-social 
cognition, current assessments for this domain are not as 
well-established or validated,6 and have been hindered by 
a lack of consensus regarding optimal measurement strat-
egies and methodologies for establishing validity.6 Initiatives 
to develop improved tests of emotion processing include an 
emotion processing battery with a large normative sample, 
the Mayer-Salovey-Caruso Emotional Intelligence Test 
(MSCEIT).130 The MSCEIT has demonstrated reliability 
in measuring social cognitive impairments in patients with 
schizophrenia that are meaningfully related to measures of 
neurocognitive function and psychopathology.130 The Penn 
Computerized Neurocognitive Battery, which was created 
using tests validated with functional neuroimaging to assess 
performance in neurobehavioral domains, also offers a re-
liable means of measuring social cognition.93,94 Specifically, 
the Penn Emotion Identification Test measures a person’s 
ability to decode and correctly identify facial expressions 
of emotion.93

A more recent abbreviated assessment battery, with an 
estimated administration time of 15 min, was developed 
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as part of the Brief  Battery of the Social Cognition 
Psychometric Evaluation study (BB-SCOPE) to facili-
tate measurement of social cognition in individuals with 
schizophrenia spectrum disorders.131 The BB-SCOPE 
battery comprehensively assesses three domains of social 
cognition (ie, attributional bias, emotion processing, and 
theory of mind), has sufficient sensitivity to detect social 
impairments in patients with schizophrenia spectrum dis-
orders, with the advantage of a simple scoring method.131 
An alternative approach is provided by the Observable 
Social Cognition: A Rating Scale (OSCARS), which in-
corporates informant ratings in the assessment of social 
cognition and also requires only 15–20 min to admin-
ister.132 In patients with schizophrenia, the OSCARS 
demonstrated psychometric reliability, modest evidence 
of convergent validity, and significant correlations with 
measures of functional outcome and neurocognition.132,133 
The OSCARS is a potentially useful, brief, and easily im-
plemented clinical screening tool to detect impairment in 
social cognition, but informant availability is an impor-
tant consideration.133 Further development and validation 
of brief  formats for assessing changes in diverse aspects 
of social cognition, while also being easily accessed and 
administrated, are needed to increase their utilization in 
clinical settings, and ultimately assist in aligning patients 
with optimal treatments.

Benefits and Challenges of Current Assessments

The capacity to assess the relevant cognitive domain(s) 
across different geographical, economic, and cultural 
contexts is an important consideration for global appli-
cation of assessments in real-world clinical settings.134 
Larger assessment batteries such as the MCCB and 
interview-based assessments such as the SCoRS have 
been translated into many different languages and suc-
cessfully validated across different countries,8,65,66,135 al-
lowing wider application of these more comprehensive 
assessments. Due to the broad scope of assessments such 
as the MCCB and CANTAB, these neuropsychological 
batteries may also be adaptable for screening and cate-
gorization of patients into cognitive subgroups, which in 
the future may allow for potential refinement of schizo-
phrenia endophenotypes, mapping of specific biological 
mechanisms, and tailored clinical treatments in many 
clinical settings.136,137 This subtyping of patients based 
on their cognitive impairments has been performed more 
recently using the BACS, suggesting that more abbrevi-
ated batteries can be equally as sensitive to impairments 
in specific MATRICS cognitive domains.138 Despite the 
benefits of these validated full cognitive test batteries, 
they are more suited to large scale clinical trials that have 
the trained clinical research staff, external funding, and 
time to successfully implement, than they are for typical 
clinical contexts. In a consensus meeting discussing issues 
relating to clinical cognitive assessments in schizophrenia, 

a divergence of opinion was evident between clinicians 
and research psychologists in relation to the practicality 
versus the validity and usefulness of shorter formal as-
sessments for this purpose.128 Clinicians with limited time 
and access to resources generally advocated for the use 
of shorter assessments such as the BACS and RBANS 
and interview-based techniques that are more realistically 
implemented. However, research psychologists with con-
cerns about the psychometric characteristics and validity 
of these assessments questioned the value and quality of 
the data provided by brief  assessments that do not ade-
quately capture the breadth and complexity of cognitive 
deficits.128 The assessments that ranked the highest among 
clinicians and researchers in terms of their value for appli-
cation in clinical settings were brief  (15–30 min) cognitive 
performance assessments, performance-based measures 
of functional capacity, briefer (5–10 min) cognitive per-
formance assessments, and interview-based measures of 
cognition and functioning. These valuable discussions 
emphasize the need to develop shorter validated cogni-
tive assessments with strong test–retest reliability, limited 
practice effects, and demonstrated relationships with eve-
ryday functioning. This development may require an ad-
ditional consensus process which includes clinicians from 
community clinics, and considers studies that validate 
brief  or self-administered instruments and trials with 
real-world implementation.

The translatability and capacity to adapt assessments 
for use across diverse cultures and global populations is an 
essential consideration that can extend the reach and en-
hance consistency and comparability of cognitive assess-
ments.67 The Cross Cultural Adaptability of Intermediate 
Measures Study is a MATRICS initiative that surveyed 
international clinical trial experts in schizophrenia to eval-
uate the cultural adaptability of functional capacity and 
interview-based assessments by country.70 The CAI as-
sessment was rated as the most easily adapted and appro-
priate for cross-cultural administration of intermediate 
measures of cognitive functioning.67,70 Despite weaker 
correlations of CAI to the MCCB,59 this interview-based 
assessment may be beneficial as a supplement to brief per-
formance measures in different cultures and languages.

With shorter completion times, the validated RBANS 
and BACS may currently represent the best-suited assess-
ment tools for typical clinical applications,79,81,82,84,121–126 
yet even with 25–30-min administration times, significant 
challenges exist for mental health services that may not 
have staff  with the specialized training or time required 
for these assessments or access to reimbursements.128 
There is an unmet need to develop and validate cognitive 
assessments that are shorter in duration while still pro-
viding adequately sensitive, psychometrically sound, easy 
to administer/score, cost-effective and culturally appro-
priate measures of cognitive performance.

Reducing the time required to complete assessments is 
desirable from the point of view of busy clinical institutions 
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to maximize cost efficiency, as staff  turnover can reduce 
the availability of trained staff. Also, from the patient 
perspective, assessments of longer duration, during visits 
to the clinic, which may already take several hours, can 
impact negatively on patient engagement and completion 
rates. Assessments that are shorter in duration than the 
BACS include the 15-min Brief  Cognitive Assessment 
(BCA),92 and the 10-min Brief  Cognitive Assessment 
Tool for Schizophrenia (B-CATS) tests.73 One such as-
sessment in development is the cognition self-assessment 
rating scale (C-SARS) which is a very brief  self-report 
based cognitive test that has been adapted for remote on-
line use.139 Although these brief  cognitive assessment bat-
teries may provide adequate measures of global cognitive 
function in schizophrenia spectrum disorders, one major 
disadvantage is that they are not as sensitive as larger 
test batteries to improvement/decline in specific cognitive 
domains that may occur during the course of illness or 
treatment.73,79,92 Furthermore, despite the lower costs as-
sociated with brief  assessments such as the BCA, BACS, 
and B-CATS relative to larger batteries of tests, there is 
still a requirement for trained professional staff  time in 
their implementation, scoring, and interpretation, along 
with the complexity relating to administration. These fac-
tors, combined with possible limitations for reimburse-
ment of these assessments, decreases the likelihood of 
their use in busy clinical practices. However, as effective 
treatments for cognitive deficits in schizophrenia become 
available, clinicians may need to adapt to the need for oc-
casional cognitive assessments to monitor improvements. 
In the same way that blood assays, which are associated 
with time and expense, are conducted to monitor meta-
bolic changes during treatment with antipsychotics, brief  
cognitive measurements may require similar prioritiza-
tion in the future.

Future Opportunities

The integration of research findings correlating specific 
cognitive impairments with biological measures is cru-
cial to facilitate targeted treatments in the clinic; for ex-
ample, neuroimaging, neurochemical, physiological and/
or genomic biomarkers, and other behavioral changes. 
Linking biomarkers of neuropathology from neuroim-
aging studies with specific cognitive impairments iden-
tified from clinical assessments would likely enhance 
understanding of the neurobiological bases of CIAS, 
facilitate the identification of cognitive subtypes within 
the spectrum of impairments that exist in the CIAS syn-
drome, and allow for more targeted treatment of CIAS. 
With this aim, the Cognitive Neuroscience Test Reliability 
and Clinical Applications for Schizophrenia (CNTRaCS) 
Consortium was established.140 Reliability of CNTRaCS 
tasks in the measurement of discrete cognitive abilities, 
and modest correlations with functional outcomes have 
been demonstrated in patients with schizophrenia.129 The 

current focus of CNTRaCS is the increased utilization of 
computational modeling to identify measures that corre-
late with specific cognitive and visual processes that could 
enhance understanding of discrete and shared patho-
physiological mechanisms across cognitive disorders.140 
Although this initiative will not have an immediate im-
pact on the optimization of cognitive assessments for 
clinical practice, it may in the future suggest ways to use 
computational and technology-based assessments in the 
clinic.

Digital technologies in cognitive assessment can be 
used to convert data-poor clinical endpoints associ-
ated with neuropsychiatric disease assessment into a 
richer, scalable, and objective set of measurements.141,142 
Computerized assessments have already been developed 
and applied to provide measures of cognitive function. 
Adaptation for web-based cognitive assessment could im-
prove patient access, thus broadening the reach among 
the patient population, and increase the flexibility of ap-
plication in clinical settings.143 With the remarkable up-
take of digital devices, measurement of cognition can 
be adapted for settings outside the clinic, and may prove 
useful in monitoring and treating CIAS.142,144 However, 
differences in context may influence task performance 
and caution is recommended when interpreting web-
based versus in-person assessments.143

Prompted by an increased need for more accessible 
platforms during the COVID-19 pandemic (2020–2022), 
greater focus has been placed on the validation of on-
line delivery methods for cognitive assessments. Recent 
studies have demonstrated that certain neuropsycholog-
ical assessments may be amenable to remote adminis-
tration using technology-based approaches that allow a 
broader capture of cognitive responses in patients with 
schizophrenia spectrum disorders.99,120,145–147

Currently, a number of cost-related and logistical chal-
lenges prevent cognitive profiling on a larger scale to be 
routinely implemented in clinical settings. Therefore, 
there is a growing need for reliable and valid evaluative 
tools to assess cognition that can be administered and 
interpreted easily and are adaptable for remote settings, 
minimizing administration, and reducing the need for 
specially-trained clinical personnel while also increasing 
patient access. Progress in these directions is evident in 
recent research. A study examining the validity of re-
mote administration in older adults of four MCCB 
tests measuring processing speed (TMT: Part A, Animal 
Fluency), working memory (Letter–Number Span), and 
verbal learning and memory (HVLT-R) revealed that al-
though performance on some tests was significantly af-
fected by administration format, remote administration 
of other MCCB subtests may provide a valid alternative 
to in-person testing.101 Similarly, a tablet version of the 
BACS (BAC App) administered by a trained rater at a 
research site revealed a high level of feasibility and re-
liability, demonstrating equivalence between tablet and 



415

Measuring Cognition in Clinical Practice

paper-and-pencil versions.120 Additionally, the BAC App 
was recently adapted for remote self-administration in 
the absence of medical staff  supervision, and assessments 
were limited to four tests. After in-person training on the 
iPad platform, remote assessment of older adults yielded 
comparable results to in-person assessment for three of 
four tests.148 If  this level of feasibility and comparability 
can be demonstrated in a schizophrenia sample, this 
tablet battery would appear appropriate for monitoring 
cognitive change in clinical practice.

In the absence of trained staff  supervision and con-
trol over the testing environment, performance on remote 
cognitive assessments can be influenced by numerous en-
vironmental and symptom-related factors, so there is a 
need for further performance validity testing to establish 
the conditions under which accurate interpretation by 
clinicians can occur.95,142 A recent review revealed that de-
spite their potential for remote assessment, the computer-
ized cognitive batteries, CANTAB and CogState, have not 
been utilized extensively in remote settings.142 However, 
other computerized comprehensive batteries with the po-
tential for remote administration were evaluated for their 
psychometric properties.142 The Online Neurocognitive 
Assessments (40 min administration time) measure five 
cognitive factors, four of which had moderate correl-
ations with corresponding MCCB domains (but not so-
cial cognition) when administered in the laboratory.145 
My Cognition Quotient (30 min administration time) as-
sesses five cognitive factors, three of which correspond 
adequately with CANTAB cognitive domains when ad-
ministered in the laboratory.146 The Screen for Cognitive 
Assessment in Psychiatry (15 min administration time) 
has been administered remotely by videoconferencing in 
a small study with patients with schizophrenia and was 
found to have acceptable internal consistency.147 Of the 
five measures evaluated, performance on two was signif-
icantly different between videoconference and in-person 
administration. Further research involving remote ad-
ministration of these computerized batteries is needed 
to directly address whether remote administration alters 
performance levels. A limitation of most of these com-
puterized measures at present is the lack of test–retest 
reliability and normative data based on remote assess-
ment,142 making these important aspects for future de-
velopment. Another significant barrier to widespread 
application of available cognitive assessment batteries 
in remote formats is that they are often proprietary, and 
therefore involve significant costs and limited flexibility 
for customized use. The Inquisit platform provides a 
mechanism for developing remote psychological testing 
across multiple geographical regions and offers an al-
ternative remote method for cognitive data collection 
without requiring in-person physical attendance.149 This 
platform has demonstrated reliability equivalent to other 
laboratory-based platforms (MATLAB, Psychtoolbox 
extension) for some measures, and comparable results to 

the CANTAB supervised computerized battery in healthy 
volunteers,150,151 providing significant advantages relating 
to the scalability and broader reach when compared with 
in-person assessments. Inquisit does require purchasing a 
license and has not yet been used to develop a wide range 
of neuropsychological measures. Further work is also re-
quired to confirm whether the normative data sets used 
for interpretation are appropriate for remote testing.

A hybrid neuropsychology model combining both tra-
ditional and technology-based modalities has recently 
been proposed that facilitates the integration of data sci-
ence into the clinic and promotes collaboration with ex-
perts in other fields.99 This amalgamation of assessment 
approaches may represent a key initial step in the tran-
sition to greater utilization by clinicians of technology-
based assessments for cognitive profiling of patients that 
could be implemented with greater ease in both in-patient 
and out-patient settings.99 However, further studies to 
evaluate the validity of technology-based and remote 
assessments for cognition are required, and essential 
clinician training is needed, to facilitate this transition. 
Typically, board-certified neuropsychologists spend 2–5 
years receiving neuropsychology-focused training that 
includes theoretical background, training in neurolog-
ical and neuropsychiatric syndromes, and also training 
in the administration, scoring, and interpretation of 
neuropsychological assessments.99 Broadening the appli-
cation of cognitive assessments in patients experiencing 
schizophrenia may require consideration of alternative 
training models for clinicians that focus specifically on a 
narrower range of measures, with emphasis on emerging 
technology-based assessments. The type and level of cli-
nician training and the oversight of test result interpre-
tation will differ from one cognitive measure to the next, 
so cognitive test developers will need to address training 
requirements as part of their test distribution. The pro-
vision of Continuing Medical Education credits in asso-
ciation with these more focused training initiatives may 
facilitate their broader dissemination and implementa-
tion in the clinic.

Other considerations for the use of remote assessments 
with existing cognitive measures include determining if  
the normative data from in-person administrations of 
these assessments are accurate for remote assessments 
and establishing optimal test settings (eg, a quiet room 
free from interruptions). Considering that testing con-
ditions for these assessments are normally tightly con-
trolled during in-person administration, the impact of 
varying testing conditions on results needs more exami-
nation. Thus, further investigation of remote assessments 
for cognitive impairments is essential to ensure their va-
lidity and determine their comparability to in-person as-
sessments. Logistical issues that are essential to maximize 
accessibility and quality of remote cognitive assessments 
include the standardization of methods, mitigation of 
potential issues of internet connectivity, the choice of 
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platform (smartphone, internet, videoconferences) that 
have diverse functionality and potentially impact patient 
performance and acceptability.142 In addition, ethical 
considerations are also important to ensure security and 
privacy of collected patient data that will impact on pa-
tient acceptability of remote assessments.142

Consideration of patient and caregiver perspectives in 
the development of future approaches is important to op-
timally engage patients and create more patient-centered 
clinical assessments. Collecting and evaluating caregiver 
and patient opinions, attitudes, and perspectives help to 
inform assessment design, delivery and interpretation, 
and identify areas for improvement.152 For example, brief  
assessments such as the recently developed C-SARS in-
corporate patient self-reports of cognition that reflect 
measures of daily functioning, thus emphasizing the pa-
tient perspective.139 Similarly, the CAI and SCoRS as-
sessments capture informant evaluations of cognitive 
functioning that contribute valuable insight into cogni-
tive impairments.54,61

Conclusions

The past two decades have seen an increase in the focus 
of  clinical research to improve understanding of  cogni-
tive deficits in schizophrenia, and development of  new 
and effective non-pharmacologic cognitive therapies 
for CIAS. Consequently, there exists a strong need to 
establish reliable and consistent approaches to the as-
sessment of  cognitive impairments in clinical settings. 
Current validated assessments present several chal-
lenges for successful and consistent implementation in 

typical clinical settings, including costs associated with 
training, staff  time for the administering and scoring 
of  assessments, and additional infrastructure. There is 
a need to establish improved assessment formats that 
have comparable sensitivity to traditional batteries in 
detecting cognitive improvement/decline in patients, 
while also minimizing the staff  time and training ne-
cessitated in the delivery of  these assessments. A key 
initial step in advancing cognitive assessment in clinical 
practice would be to develop a toolkit similar to the 
OnTrackNY recently evaluated in patients with early 
psychosis, that equips clinicians with the necessary 
guidance to identify optimal approaches to assessing 
and monitoring cognitive impairments for individual 
patients within the confines of  clinical settings.

Initial profiling of  cognitive deficits in patients may 
require longer assessment batteries (>30 min) that span 
multiple cognitive domains, with subsequent monitoring 
of  treatment effects using shorter and more targeted as-
sessments that are amendable to repeated testing (Fig. 
1). Although assessments such as the BACS and RBANS 
provide options that can be completed within a 30-min 
period, this may not be brief  enough for practical ap-
plication in some typical “real-world” clinic settings. 
It would be useful to focus on the validation of  abbre-
viated assessments (10–15 min) that reliably measure 
global cognitive change for follow-up assessment of 
treatment effects in patients. This strategy is particu-
larly relevant when a priori knowledge of  treatment 
mode-of-action is known. Considering the diverse range 
of  current assessments for cognition in schizophrenia, 
providing a roadmap for current and novel cognitive 

Fig. 1.  A diagram summarizing proposed next steps for the optimization and delivery of improved cognitive assessment in clinical 
settings. Note: CIAS, cognitive impairment in schizophrenia.
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assessments would enhance therapeutic decision making 
for clinicians when addressing CIAS. Additionally, as 
the potential for incorporation of  technology-based 
and remote assessments in everyday settings increases 
with improving digital literacy, the need for validation 
of  remote or hybrid formats of  cognitive assessments 
is important. Integration of  computerized formats, and 
the implementation of  broader assessments for CIAS 
in clinical settings, will necessitate the establishment 
of  readily accessible and focused training programs to 
hone clinician skills and facilitate delivery of  assess-
ments in the clinic. Ultimately, the main challenges that 
exist for clinicians in implementation of  effective assess-
ments of  CIAS include not only the time required by 
current validated assessment formats, but also issues 
relating to clinical reimbursement and availability of 
trained healthcare personnel. As such, clear guidance 
on an optimized and cost-effective cognitive assessment 
process for CIAS, and a strategic focus on the provision 
of  the required training and infrastructure for effective 
implementation, are essential.
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