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ABSTRACT

Despite the functional impact of cognitive deficit in people with psychosis, objective cognitive assessment is not
typically part of routine clinical care. This is partly due to the length of traditional assessments and the need for a
highly trained administrator. Brief, automated computerised assessments could help to address this issue. We
present data from an evaluation of PsyCog, a computerised, non-verbal, mini battery of cognitive tests. Healthy
Control (HC) (N = 135), Clinical High Risk (CHR) (N = 233), and First Episode Psychosis (FEP) (N = 301)
participants from a multi-centre prospective study were assessed at baseline, 6 months, and 12 months. PsyCog
was used to assess cognitive performance at baseline and at up to two follow-up timepoints. Mean total testing
time was 35.95 min (SD = 2.87). Relative to HCs, effect sizes of performance impairments were medium to large
in FEP patients (composite score G = 1.21, subtest range = 0.52-0.88) and small to medium in CHR patients
(composite score G = 0.59, subtest range = 0.18-0.49). Site effects were minimal, and test-retest reliability of the
PsyCog composite was good (ICC = 0.82-0.89), though some practice effects and differences in data completion
between groups were found. The present implementation of PsyCog shows it to be a useful tool for assessing
cognitive function in people with psychosis. Computerised cognitive assessments have the potential to facilitate
the evaluation of cognition in psychosis in both research and in clinical care, though caution should still be taken

in terms of implementation and study design.

1. Introduction

Cognitive dysfunction is a core component of psychosis (Bora et al.,
2010; Bora and Murray, 2014; Catalan et al., 2021; Fusar-Poli et al.,
2012; Heinrichs and Zakzanis, 1998) and predicts impairments in social
and occupational functioning (Green, 1996; Bowie and Harvey, 2006;
Fett et al., 2011; Cowman et al., 2021). This has led to an increased
interest in the development of interventions to improve cognition for
patients with psychosis (Cella et al., 2020; Marder, 2006; McGrath and
Hayes, 2000; McCutcheon et al., 2023).

However, cognitive performance is not routinely evaluated as part of
clinical care (McCutcheon et al., 2023). This is partly be due to the
length of traditional cognitive assessments, which involve comprehen-
sive batteries of tests that can take >1 h to administer (Vita et al., 2022).
Patients with psychosis often find these assessments demanding and
their administration may require an assessor that has been trained in
their use. In addition, for people with psychosis, the completion of
formal cognitive tasks may be made particularly challenging by the
presence of symptoms such as reduced motivation and impaired con-
centration and attention, difficulties with understanding or remem-
bering test instructions, or the sedative effects of medications (Barnett
et al., 2010). In the context of multicentre studies, further requirements
include tests that are non-language dependent and robust against site
effects.

We describe initial findings from a computerised mini battery: Psy-
Cog, which was administered in the PSYSCAN study: a multisite longi-
tudinal study of first episode psychosis (FEP) patients and individuals at
clinical high-risk (CHR) for psychosis (Tognin et al., 2020). PsyCog
contains five non-language dependent tasks from the Cambridge Neu-
ropsychological Test Automated Battery (CANTAB), chosen to capture
the range of cognitive deficits typically seen in psychosis.

This study reports the reliability, validity, and practical utility of
PsyCog by examining completion rates at baseline, 6 months, and 12
months; the distribution of tests scores (including floor / ceiling effects);
effect sizes of impairment in patients, practice effects, site effects, and
test-retest reliability.

2. Methods
2.1. PsyCog mini battery

PsyCog comprises four tests that were chosen from the larger
CANTAB battery to assess the key cognitive deficits associated with
psychosis, including learning and memory, emotion recognition, work-
ing memory, and attention (see Sections 2.1.1-2.1.4 and Table 1).
Testing involves the participant following auditory and visual cues
presented via an inexpensive tablet computer, and administration does
not require specialised training. Scoring is automated, including

Table 1
PsyCog Battery subtest descriptions, describing cognitive domains, key measures in each subtest, direction of scores (sense), and range.
Task Cognitive domain Administration Key Measures Acronym Description Sense Range
time
Emotion Emotion recognition ~ 6-10 min ERT Overall ERTOMDRT  Median latency for selection of an emotion ~ Lower is 100 - o
Recognition Task  / social cognition Median Reaction word after stimulus presentation. better
Time (ms)
ERT Total Hits ERTTH Total number of correct responses (selection ~ Higher is 0-48
of correct emotion). better
Paired Associated Associative learning, 8 min PAL Total Errors PALTEA Total incorrect responses adjusted for the Lower is 0-70
Learning visual memory Adjusted estimated number of errors made on trials better
the participant did not reach.
PAL First Attempt PALFAMS The number of times the correct response Higher is 0-20
Memory Score was given on the first attempt. better
Rapid Visual Sustained attention 7 min RVP A’ RVPA Participant sensitivity to the target Higher is 0-1
Information sequence (sequence of three numbers), better
Processing regardless of response tendency.
RVP Median RVPMDL Median response latency on trials where the =~ Lower is 100-1900
Response Latency correct response was given. better
(ms)
Spatial Span Visuospatial 5 min SSP Forward Span SSPFSL The longest sequence of boxes correctly Higher is 3-9
(forward / working memory Length recalled (forward variant). better
reverse)
SSP Reverse Span SSPRSL The longest sequence of boxes correctly Higher is 3-9

Length

recalled in reverse. better
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calculation of summary measures from raw scores. Data hosting was
implemented by Cambridge Cognition Ltd. (https://www.cambri
dgecognition.com/) and IXICO PLC (https://ixico.com/).

2.1.1. Task 1: emotion recognition task (ERT)

The ERT measures the recognition of emotion from facial expres-
sions. Participants are shown a series of images of faces, each morphed
to show one of six basic emotions (sadness, happiness, fear, anger,
disgust, or surprise). Each face is shown for 200 ms, followed by a choice
of 6 emotions, which the participant must identify as the correct
emotion. Results can be summarised across the whole task or can be
given for specific emotions.

2.1.2. Task 2: paired associated learning (PAL)

The PAL measures paired associated learning and visual episodic
memory. Participants are presented with patterns within boxes, opened
in a pseudo-randomised order by the software. One pattern is then dis-
played in the centre of the screen and the participants are asked to
identify and touch the box where the pattern was shown. Participants
are reshown the patterns if they choose incorrectly. Difficulty increases
throughout the test, with the number of patterns increasing from one to
eight.

2.1.3. Task 3 + 4: Spatial span (forward / reverse) (SSPF/R)

The SSP F/R measures visuospatial working memory capacity. Par-
ticipants are shown white squares, which change colour in a variable
sequence. The participant must then touch the boxes in the same
sequence that they changed colour (forward mode) or in the reverse
order (reverse mode). The difficulty of the task increases with the
number of boxes (sequence lengths of 2-9). Sequence and box colour are
changed throughout the task.

2.1.4. Task 5: rapid visual information processing (RVP)

The RVP test measures sustained attention. Participants are pre-
sented with a pseudo-random sequence of digits from 2 to 9, shown one
at a time, at a rate of 100 digits per minute. Participants are asked to
respond using a press pad when they detect target sequences of digits (3
digits long).

2.2. Procedures

Cognitive assessments using PsyCog were performed at baseline, 6
months, and 12 months. Full visit timepoints and procedures are sum-
marised in the Supplementary Materials Tables S2.1-3. Follow-up visits
with missing PsyCog assessments performed during the worldwide
SARS-CoV-2 pandemic were excluded from analysis, as some sites were
unable to administer PsyCog in this period depending on local re-
strictions (N removed: HC = 10, CHR = 40, FEP = 15). Detailed de-
scriptions of inclusion /exclusion criteria, statistical analysis, global
composite calculation, and data cleaning are given in the Supplementary
Materials Section 1.

Participants (or caregivers for those <18 years of age) gave written
informed consent. Ethical approval was given by local research ethics
committees. The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

3. Results
3.1. Sample characteristics

669 subjects were included in the study (HC = 135, CHR = 233, FEP
= 301). Subjects were recruited from 19 sites (7 HC / 9 UHR / 16 FEP).

Demographics and group differences are shown in Table 2. Proportions
of gender (X2 = 11.03, p < 0.004) were significantly different across the

Schizophrenia Research: Cognition 37 (2024) 100310

Table 2

Demographic and clinical variables for Healthy Control (HC), Clinical High Risk
(CHR), and First Episode Psychosis (FEP) participants included in the PSYSCAN
study.

HC CHR FEP T/F/ P
X2 value
N 135 233 301
Age (SD) 23.6 (4.03) 22.54 (4.59) 25.28 (5.6) 20.27 <
0.001

Male (%) / 80 (59.26) / 123 (52.79) 202 (67.11) 11.03 0.004
Female (%) 55 (40.74) /109 /99 (32.89)

/ (46.78)
Non-binary
(%)*

Years of 16.01 (3.0) 14.21 (3.24) 14.2 (3.07) 17.75 <
education 0.001
(SD)

1Q (SD) 112.15 104.6 90.7 (18.52) 77.16 <

(16.01) (17.56) 0.001

PANSS 6.73 (1.62) - 12.91 (5.7) 11.98 <
Positive 0.001

PANSS 6.9 (1.78) - 14.16 (6.41) 12.57 <
Negative 0.001

CAARMS 1.74 (2.97) 43.12 - 13.86 <
Positive (19.46) 0.001

CAARMS 9.58 62.44 - 13.13 <
Negative (18.39) (37.75) 0.001

T = t-test, F = ANOVA, X2 = chi-squared test.
* The non-binary gender category was not included in chi-squared tests of
group difference due to low cell count.

three cohorts; however, post-hoc chi-squared test suggested proportions
of gender to be significantly different between the FEP and CHR (X% =
10.35, p = 0.001) but not FEP and HC x?= 2.18,p =0.140) or CHR and
HC (X? =1.10, p = 0.293), so gender was not a confounder for patient vs
control group differences.

Mean age was significantly different across the three cohorts (F (DF)
=20.27 (2) = p < 0.001). Tukey HSD tests showed differences in age to
be significant between CHR vs FEP (p = 0.001, 95 % CI = 1.71, 3.77) and
HC vs FEP (p = 0.004, 95 % CI = 0.46, 2.89). Years of education was
significantly different across cohorts (F (DF) = 17.75 (2), p < 0.001),
which was driven by differences between HC vs CHR (p = 0.001, 95 %
CI = 1.00, 2.60) and HC vs FEP differences (p = 0.001, 95 % CI = 1.04,
2.57). Group comparisons were repeated using normative scores made
in reference to age, gender, and years of education matched HCs, which
removed potential confounding effects of age and educational level.
Level of estimated IQ was significantly different across cohorts,
following the pattern of disease severity (FEP < CHR < HC) (F (DF) =
77.16 (2), p < 0.001) (see Table 2).

3.2. Adherence

Seven PsyCog assessments were removed as they ran for longer than
45 min (N = 7; HC = 1, CHR = 4, FEP = 2), which indicated non-
adherence to the battery. In the remaining participants the mean total
test time was 35.95 (SD = 2.87, range = 25.12, 44.75). The numbers of
tests removed on the basis of researcher observations are shown in
Fig. S3. Two RVP tests were removed as 0 attempts were made on the
RVP (N CHR =1, FEP = 1). All subjects reached at least 2 patterns in the
PAL and made >0 attempts in the ERT and SSPF/R tasks.

3.3. Completion rates

Completion rates are shown in Table 3. The PsyCog was judged to be
complete if 4/5 tests were completed, allowing for computation of the
global composite score. Completion rates were as follows: HC = 96.30
%, 91.75 %, 94.44 %, CHR = 84.12 %, 85.09 %, 88.70 %, FEP = 89.04
%, 87.16 %, 89.57 % (at baseline, 6 months, 12 months). Rates of
completion of the entire battery (5/5 tests complete) were as follows:


https://www.cambridgecognition.com/
https://www.cambridgecognition.com/
https://ixico.com/
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Table 3

The number and proportion of PsyCog subtests completed at each timepoint for Healthy Control (HC), Clinical High Risk (CHR), and FEP (First Episode Psychosis)
subjects, for subjects who attended each visit and for subjects who were administered the battery. The global composite score was calculated if 4/5 tests were complete.
Global composite score if PsyCog initiated and PsyCog complete if initiated include only those who were administered the PsyCog.

Healthy Control Clinical High Risk First Episode Psychosis
Baseline Month 6 Month 12 Baseline Month 6 Month 12 Baseline Month 6 Month 12

N 135 97 90 233 161 115 301 218 211

PsyCog administered (%) 130 (96.30) 89 (91.75) 85 (94.44) 200 (85.84) 140 (86.96) 102 (88.70) 280 (93.02) 199 (91.28) 192 (91.00)
ERT complete (%) 130 (96.30) 89 (91.75) 85 (94.44) 200 (85.84) 139 (86.34) 101 (87.83) 277 (92.03) 196 (89.91) 191 (90.52)
PAL complete (%) 130 (96.30) 89 (91.75) 85 (94.44) 196 (84.12) 140 (86.96) 101 (87.83) 275 (91.36) 193 (88.53) 191 (90.52)
SSPF complete (%) 129 (95.56) 89 (91.75) 85 (94.44) 195 (83.69) 138 (85.71) 102 (88.70) 274 (91.03) 192 (88.07) 187 (88.63)
SSPR complete (%) 129 (95.56) 88 (90.72) 85 (94.44) 191 (81.97) 134 (83.23) 101 (87.83) 268 (89.04) 186 (85.32) 181 (85.78)
RVP complete (%) 128 (94.81) 88 (90.72) 83 (92.22) 186 (79.83) 132 (81.99) 100 (86.96) 235 (78.07) 180 (82.57) 182 (86.26)

Global composite score (%) 130 (96.30) 89 (91.75) 85 (94.44) 196 (84.12) 137 (85.09) 102 (88.70) 268 (89.04) 190 (87.16) 189 (89.57)
Global Composite Score if 130 (100.00) 89 (100.00) 85 (100.00) 196 (98.00) 137 (97.86) 102 (100.00) 268 (95.71) 190 (95.48) 189 (98.44)
PsyCog initiated (%)

ERT = Emotional Recognition Test, PAL = Paired Associates Learning, SSPF/R = Spatial Span Forward / Reverse, RVP = Rapid Visual Processing.

HC = 94.81 %, 90.72 %, 92.22 %, CHR = 79.83 %, 81.99 %, 86.96 %, measuring cognition in the patient groups.
FEP = 78.07 %, 82.57 %, 86.26 % (baseline, 6 months, 12 months).

Completion rates were higher for tests earlier in the battery with the last 3.5. Test-retest reliability

test, the RVP, reporting the lowest completion rates (Table 3).

ICC values for composite scores and individual tests were computed
only for subjects with both baseline and follow up PsyCog data (month 6
and month 12 respectively). Composite score test-retest reliability was
‘good’ (Koo and Li, 2016) across timepoints / cohorts (ICC = 0.82-0.89).
Individual score test-retest reliability was poor to moderate (ICC =
0.36-0.77), though on average tests showed moderate reliability (mean
ICC = 0.54, SD = 0.09). Full results are shown in Table S5.

3.4. Distributions of PsyCog variables

There were moderate ceiling effects for the PAL, RVP, and SSP tasks
in the HC group (Fig. 1). Several tests had relatively high proportions of
those with maximum scores in the HC cohort (SSP-Forward Span Length
= 41.19 %, SSP-Reverse Span Length = 28.15 %) (see Table S4). Ten-
dency towards ceiling effects inversely followed illnesses severity (FEP
< CHR < HQ), suggesting task difficulty to be most appropriate for

A C

CHR vs HC
HC CHR FEP 2.5
2.0
ERT - Hits ERT - Hits ERT - Hits
\ . 15
PAL FAMS PAL FAMS PAL FAW
/\ 2
\ g 1.0
RVPA' RVPA' RVPA' T
0.5
SSPF SL SSPF SL SSPF SL
0.0
SSPR SL SSPR SL SSPR SL
-4 -2 0 2 -4 -2 0 2 -4 -2 0 2 05
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25
— 2.0
1 — p— ——
15
o
v
0 1 & 1o
: ' T
O ¢+
n N 0.5
~N =l
_1 5 3 z
" $ 0.0
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-2 [1 Month 6 - ‘ ~05
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Fig. 1. A) Distribution of test scores for Healthy Control (HC), Clinical High Risk (CHR), and First Episode Psychosis (FEP) subjects across timepoints. B) Boxplots
showing distributions of PsyCog composite scores for HC, CHR, and FEP groups at each timepoint. C) Hedge’s G effect sizes of cognitive deficit for CHR < HC and
FEP < HC for each test. Error bars show bootstrapped 95 % confidence intervals (2000 permutations). ERT - Hits = ERT Total Hits, PALFAMS = PAL First Attempt
Memory Score, SSPF SL = SSP Forward Span Length, SSPR SL = SSP Reverse Span Length. Z-scores were computed over all cohorts / timepoints.
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3.6. Patient vs control group differences

Effect sizes were computed between HC vs CHR, and HC vs FEP.
Results are shown in Table 4 and Fig. 1. Effect sizes ranged from
medium-to-large in HC vs FEP comparisons (composite score Hedge’s g
= 1.21, subtests = 0.52-0.88) and small-to-medium in HC vs CHR
comparisons (composite score Hedges’ g = 0.59, subtests 0.18-0.49). All
group differences were statistically significant, except for the compari-
sons between CHR vs HC for accuracy (total hits) in the Emotion
Recognition Task (p = 0.116).

Normative scores of performance variables (Z-scores in reference to
external healthy populations with matched age, gender, and years of
education) yielded similar results in terms of statistical significance and
effect sizes of group difference (Table S6). On average, the FEP group
showed lower than normal performance across all PsyCog tests (Fig. S6).
Normative scores indicated better than expected performance in the HC
group. The CHR group performed worse than the normative reference
group on the RVP and SSP tasks but at a comparable level to normal on
the ERT and PAL tasks.

3.7. Practice effects

Practice effects were explored in the subset of participants who
completed all three assessment timepoints (Fig. 1; Table S7). Practice
effects were below the suggested optimal level of <0.2 standard devia-
tion units of difference (Standard Deviation Index: SDI) in the CHR and
FEP groups, though in the HC group the RVPA, PAL, and SSPF were >
0.2 SDI (Barch and Carter, 2008). Typically, a greater increase in per-
formance was seen between baseline vs month 6 visits compared to
month 6 vs month 12 visits (composite score SDI baseline vs month 6 /
month 6 vs month 12: HC = 0.38 / 0.24, CHR 0.16 / 0.10, FEP = 0.19 /
0.11) suggesting a stabilization of performance after the second visit
(Fig. 1). Practice effects were greatest in the HC group.

3.8. Site effects

Mean test scores were compared across sites for a subset of sites with
HC subjects (N > 5, sample described in Supplementary Materials Sec-
tion 8). The only PsyCog test with significantly different mean scores
across sites was the ERT (Total Hits) (F (DF) = 3.24 (7), p = 0.003).

4. Discussion

This study assessed the reliability, validity, and practical utility of an
automated cognitive mini battery in a large sample of HC, CHR, and FEP
participants. Measures of these factors were within acceptable ranges for
the aims of the PSYSCAN study (Tognin et al., 2020). Patient vs HC
group differences were similar in nature and magnitude to those pre-
viously reported using larger cognitive batteries, suggesting the tool to
successfully measure psychosis related cognitive deficit. Moderate ceil-
ing effects were observed only for the HC subjects, suggesting the Psy-
Cog to be suited to patient groups but unable to capture some variability

Table 4

Schizophrenia Research: Cognition 37 (2024) 100310

for high performing HCs. Validity, acceptability, reliability, and site
effects are discussed in detail below.

4.1. Validity

Effect sizes of cognitive deficit were medium-to-large for FEP par-
ticipants (composite score Hedge’s g = 1.21, subtests range = 0.52,
0.89) and small-to-medium for CHR participants (composite score
Hedges’ g = 0.59, subtest range = 0.18, 0.49), which is similar to those
reported in both FEP (Mesholam-Gately et al., 2009; Aas et al., 2014)
and CHR groups (Catalan et al., 2021). Similar results have also been
found when performance was assessed using the same tasks as were used
in PsyCog in people with FEP (Saleem et al., 2013; Haring et al., 2015;
Bakker et al., 2018), CHR (Wood et al., 2003; Glenthgj et al., 2016,
2019), and schizophrenia (for reviews see: Barnett et al., 2010; Levaux
et al., 2007). Collectively, these results suggest that PsyCog generates
valid cognitive data, and add to evidence of the utility of computerised
tests in assessing cognition in participants with psychosis (Ritsner et al.,
2006; Pietrzak et al., 2009; Benoit et al., 2015; van Erp et al., 2015).

The Internal validity of PsyCog was evidenced by group differences
that were similar to those computed from normative scores (Table S5).
Normative scores additionally provided a benchmark of how far
participant performance deviated from that in an external healthy
population (Fig. S6). For several tests (the ERT and PAL), normative
scores showed better than expected performance for HC participants,
and normal performance in the CHR group. Normative samples were
recruited and acquired in different settings (Palan and Schitter, 2018)
and used different versions of the PAL (the present study had 8 rather
than 12 difficulty levels in order to better target the difficulty of the PAL
to patient groups).

4.2. Acceptability

Whilst computerised testing is highly beneficial in offering a stand-
ardised test administration, adherence may be lower in comparison to
researcher administered tests, where the researcher can supervise and
encourage participants. In the present study, the number of tests that
were removed due to distraction, poor understanding of test in-
structions, or refusal was highest in patients (FEP > CHR > HC).
Completion rates were lowest in the RVP, which measures sustained
attention. Poor sustained attention is a feature of psychosis (Chen and
Faraone, 2000; Liu et al., 2002; Ojeda et al., 2002), which may suggest a
bias towards non-completion in participants with psychosis. Similar to
the present results, a previous study reported relatively lower comple-
tion of an attention / vigilance task in a sample of schizophrenia patients
(Pietrzak et al., 2009) using the MATRICS Consensus Cognitive Battery
(MCCB) (Nuechterlein et al., 2008), though other studies have reported
high completion rates across MCCB tasks (Keefe et al., 2011; Georgiades
et al., 2017).

Higher completion rates have been reported for other computerised
cognitive batteries in psychosis samples, such as the Brief Assessment of
Cognition in Schizophrenia app (Atkins et al., 2017) and CogState

Means, SD (Standard Deviation), t-test, and Hedges G effect sizes (bootstrapped 95 % Confidence Intervals, 2000 permutations), for HC vs CHR / FEP group differences

computed for baseline PsyCog assessments.

HC mean (SD) CHR mean (SD) FEP mean (SD)

T-test (p val) G (B.S. 95 % Cls) T-test (p val) G (B.S. 95 % Cls)

CHR vs HC CHR < HC FEP vs HC FEP < HC
ERTTH 31.08 (4.48) 30.27 (4.56) 28.52 (5.12) 1.58 (0.116) 0.18 (—0.05, 0.45) 4.87 (<0.001) 0.52 (0.28, 0.78)
PALFAMS 15.61 (3.53) 14.67 (3.92) 11.8 (4.64) 2.18 (0.030) 0.25 (—0.05, 0.46) 8.28 (<0.001) 0.88 (0.59, 1.04)
RVPA 0.92 (0.05) 0.89 (0.06) 0.87 (0.06) 4.24 (<0.001) 0.49 (0.21, 0.73) 8.04 (<0.001) 0.88 (0.76, 1.20)
SSPFSL 7.71 (1.38) 7.05 (1.38) 6.53 (1.32) 4.21 (<0.001) 0.48 (0.19, 0.72) 8.26 (<0.001) 0.88 (0.57, 1.10)
SSPRSL 6.98 (1.42) 6.46 (1.42) 5.99 (1.44) 3.18 (0.002) 0.36 (0.12, 0.64) 6.41 (<0.001) 0.69 (0.39, 0.96)
Composite Score 0.34 (0.44) 0.02 (0.58) —0.36 (0.63) 5.19 (<0.001) 0.59 (0.30, 0.79) 11.30 (<0.001) 1.21 (0.87, 1.32)

ERTTH = ERT Total Hits, PALFAMS = PAL First Attempt Memory Score, RVPA = RVPA A’ (prime), SSPFSL = SSP Forward Span Length, SSPRSL = SSP Reverse Span
Length. HC = Healthy Control, CHR = Clinical High Risk, FEP = First Episode Psychosis.
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(Pietrzak et al., 2009), as well as for the MCCB (Keefe et al., 2011;
Georgiades et al., 2017). Additionally, shorter computerised cognitive
tests may be better tolerated by patients (Velligan et al., 2004; Atkins
et al., 2017; Hurford et al., 2018). However, a high completion rate was
achieved in a study of FEP participants who were administered a 1-h
CANTAB battery that included the PAL, SSP, and RVP (Haring et al.,
2015). This suggests factors other than test design may affect completion
rates, for example fatigue from extensive testing, the testing environ-
ment, or selection bias. It would be beneficial to compare PsyCog with
alternative cognitive batteries within psychosis samples and under
identical conditions.

4.3. Reliability

We found PsyCog composite score test-retest reliability to be good
(ICC range = 0.82, 0.89) and individual test reliability to be poor-
moderate (ICC range = 0.36, 0.77). Previous research in a healthy
sample showed a similar range of test-retest reliability for the same tasks
(Karlsen et al., 2022).

Good test-retest reliability of the PsyCog composite in the current
study may reflect the stability of cognitive deficit in CHR / FEP pop-
ulations, which has been demonstrated in previous studies (Bora and
Murray, 2014; Hedges et al., 2022). However, some evidence suggests
the progression of cognitive deficit to be heterogenous in psychosis
populations (Karson et al., 2016; Allott et al., 2022). Additionally, the
use of cognitive remediation in psychosis patients suggests a degree of
plasticity for cognitive skills (Barlati et al., 2013). The stability of
cognitive deficit in psychosis therefore remains an open question.

Non-comprehension of task instructions in some participants, as well
as a relatively larger practice effects between time points 1 and 2, sug-
gests that a familiarisation session could be beneficial, as has been
implemented in similar computerised batteries (Turner et al., 2003;
Pietrzak et al., 2009). However, this would increase participant burden
and practice effects were below the suggested threshold of 0.2 SDs of
improvement in the patient groups (Barch and Carter, 2008), though
some tests were > 0.2 SDs of improvement in the HC group.

4.4. Site effects

Site effects were observed only for the ERT task, which appeared to
have been driven by relatively poor performance at a Korean site, which
may reflect the use of Caucasian faces in this task, suggesting the ERT to
be sensitive to cultural or exposure related differences in emotion
recognition (Elfenbein and Ambady, 2002).

4.5. Limitations

Ideally, convergent validity would have been used to validate the
cognitive tests in the present study, however careful management of
visit burden precluded the use of additional cognitive tests. Those
attending follow up assessments may have been more likely to complete
PsyCog, which likely accounts for the slightly higher completion rates at
follow up relative to baseline.

4.6. Conclusions

PsyCog is a computerised non-verbal mini battery for assessing
cognition that is easy to administer. Computerised test batteries are
attractive as randomisation, administration, and scoring of tasks can be
delivered automatically (Barnett et al., 2010). The present study is
unique in providing a detailed description of the acceptability, reli-
ability, and validity of a computerised cognitive battery in the context of
a large, longitudinal, multi-centre neuroimaging study.
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