
A network approach exploring the effects of
cognitive remediation on cognition, symptoms,
and functioning in early psychosis

Andrew J Watson1,2, Dominic Stringer1, Andrew Pickles1, Paul McCrone3,

Clare Reeder1, Max Birchwood4, David Fowler5, Kathryn Greenwood5,

Sonia Johnson6, Jesus Perez7, Andrew Thompson4, Rachel Upthegrove8,

Jon Wilson9, Alex Kenny1, Iris Isok1, Balaji Suseendrabose1, Eileen M Joyce10,

Til Wykes1,2 and Matteo Cella1,2

1Institute of Psychiatry, Psychology andNeuroscience, King’s College London, London, UK; 2South London andMaudsley
NHS Foundation Trust, London, UK; 3School of Health Sciences, University of Greenwich, London, UK; 4Warwick
Medical School, University ofWarwick, Coventry, UK; 5School of Psychology, University of Sussex, Brighton, UK; 6Faculty
of Brain Sciences, University College London, London, UK; 7Institute of Biomedical Research of Salamanca (IBSAL),
University of Salamanca, Salamanca, Spain; 8School of Psychology, University of Birmingham, Birmingham, UK; 9Norfolk
and Suffolk NHS Foundation Trust, Norwich, UK and 10UCL Queen Square Institute of Neurology, University College
London, London, UK

Abstract

Background. Although cognitive remediation (CR) improves cognition and functioning, the
key features that promote or inhibit its effectiveness, especially between cognitive domains,
remain unknown. Discovering these key features will help to develop CR for more impact.
Aim. To identify interrelations between cognition, symptoms, and functioning, using a novel
network analysis approach and how CR affects these recovery outcomes.
Methods. A secondary analysis of randomized controlled trial data (N = 165) of CR in early
psychosis. Regularized partial correlation networks were estimated, including symptoms, cogni-
tion, and functioning, for pre-, post-treatment, and change over time. Pre- and post-CR networks
were compared on global strength, structure, edge invariance, and centrality invariance.
Results. Cognition, negative, and positive symptoms were separable constructs, with symptoms
showing independent relationships with cognition. Negative symptoms were central to the CR
networks and most strongly associated with change in functioning. Verbal and visual learning
improvement showed independent relationships to improved social functioning and negative
symptoms. Only visual learning improvement was positively associated with personal goal
achievement. Pre- and post-CR networks did not differ in structure (M = 0.20, p = 0.45) but
differed in global strength, reflecting greater overall connectivity in the post-CR network
(S = 0.91, p = 0.03).
Conclusions. Negative symptoms influenced network changes following therapy, and their
reduction was linked to improvement in verbal and visual learning following CR. Independent
relationships between visual and verbal learning and functioning suggest that they may be key
intervention targets to enhance social and occupational functioning.

Introduction

Using traditional approaches, robust findings from longitudinal studies demonstrate that cog-
nitive impairments and negative symptoms are the best predictors of poor social and occupa-
tional functioning following the onset of psychosis (Cowman et al., 2021; Dickinson & Coursey,
2002; Fett et al., 2011; Lindgren, Holm, Kieseppä, & Suvisaari, 2020; Milev, Ho, Arndt, &
Andreasen, 2005). A limiting factor for durable intervention effects is the heterogeneous illness
presentations and trajectories (Joyce, Hutton, Mutsatsa, & Barnes, 2005; Salagre et al., 2020;
Tandon, Nasrallah, & Keshavan, 2009) and the dynamic interplay between symptoms and
functioning difficulties (Esfahlani, Sayama, Visser, & Strauss, 2017).

One evidence-based intervention shown to improve cognition, functioning, and negative
symptoms is cognitive remediation (CR) (Cella, Preti, Edwards, Dow, &Wykes, 2017; Vita et al.,
2021; Wykes, Huddy, Cellard, McGurk, & Czobor, 2011). CR for schizophrenia is a psycho-
logical, behavioral training-based intervention that aims to enhance functioning by targeting
cognitive impairments (Bowie et al., 2020), and a large randomized controlled trial has shown its
effectiveness in improving outcomes for people early in the course of illness (Wykes et al., 2023).
AWhite Paper identified the key ingredients of CR (Bowie et al., 2020) likely to produce a positive
outcome; an active therapist, cognitive exercise, development of problem-solving strategies, and
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facilitation of transfer to real-world functioning, but a mechanistic
understanding of how cognitive skills influence functioning is
lacking. The current proposed model for CR is that cognition
improvement will affect functional outcome, but few studies have
tested thismediationalmodel, andwhen they have, the result is only
a partial effect. A recent analysis by our group (Tinch-Taylor et al.,
2024) found that cognitive improvements were correlated with
functional improvements but did not fully explain the positive
impact of increased therapy hours on functioning. There was,
however, evidence that the translation of global cognition improve-
ment to functional benefit was affected by negative symptoms
(a moderated-mediational relationship). This analysis used a com-
posite measure of global cognition and was therefore not able to
evaluate how specific cognitive difficulties may relate to improve-
ments in symptoms and functioning.

Uncovering potential pathways between improvement in spe-
cific cognitive domains and areas of real-world functioning is
important to understanding how to bolster the different compo-
nents of CR. Novel network intervention analyses and network
comparison techniques using longitudinal data have recently been
introduced to surface these potential mechanisms (Contreras,
Nieto, Valiente, Espinosa, & Vazquez, 2019). Network analysis
(NA) considers mental disorders as emerging from dynamic causal
interactions among symptoms and processes rather than a singular
underlying common cause or mechanism (Borsboom & Cramer,
2013; Bringmann et al., 2022; Cramer, Waldorp, van der Maas, &
Borsboom, 2010; Henry, Robinaugh, & Fried, 2021). In contrast to
traditional causal models, NA uses a data-driven approach to
produce spatially ordered networks that accommodate the unique
interplay between variables (Borsboom, 2017; Borsboom & Cra-
mer, 2013) and can identify central features considered to be most
influential to the networks.

Conventional approaches have found that cognitive difficulties
and negative symptoms predict functioning, and two cross-
sectional NA studies in people with long-standing schizophrenia
support social and non-social cognition being linked to functional
capacity and that negative symptoms have multiple connections
between symptoms and functioning (Galderisi et al., 2018; Hajdúk,
Penn, Harvey, & Pinkham, 2021). NA studies in early psychosis are
emerging but have focused largely on positive and negative symp-
toms and on cross-sectional data (Betz et al., 2020; Chang et al.,
2019; Griffiths et al., 2021; Hasson-Ohayon, Goldzweig, Lavi-
Rotenberg, Luther, & Lysaker, 2018; Herniman et al., 2021;
Izquierdo et al., 2021; Piao et al., 2021). Only two have included
cognitive measures, with one demonstrating a central role (Hasson-
Ohayon et al., 2018) and the other highlighting the importance of
motivation (Chang et al., 2019). Hasson-Ohayon et al. (2018) add-
itionally found thatmetacognition (particularly self-reflectivity) had
high strength centrality in the network. These results suggest that
therapies targeting both cognition, motivation, and metacognition
may bemost effective in promoting recovery. No study has explored
how psychopathology networks change following a psychological
intervention in people with early psychosis.

The current study will offer the first insights into the interrela-
tions (edge-weights) among psychopathological and cognitive vari-
ables early in the course of illness and evaluate networks of change
after CR to examine paths by which symptoms and cognition may
lead to improvements in functioning. Strength centrality, which
identifies the most influential nodes within the network, will high-
light which variables (e.g., negative symptoms, specific cognitive
domains) play a pivotal role in driving changes across the network
and infer the features that need emphasis in CR. Network

Connectivity and Global Strength measures will reflect the overall
integration of the networks and the strength of interactions
between variables, with changes in connectivity and global strength
after cognitive remediation suggesting enhanced interplay between
cognitive and symptom domains and offering insights into the
impact of the intervention.

Methods

This is a secondary analysis of data from a large randomized
controlled trial (RCT) in early psychosis (Wykes et al., 2018,
2023). Only participants who received CR and completed both
baseline (pre-CR) and 3-month follow-up (post-CR) assessments
were included from two arms of the trial (one-to-one and group
treatment). In the initial analysis, there was no difference between
these two therapist-supported arms, so they were combined as
stated in the pre-specified analysis plan (Wykes et al., 2023). Both
groups were allocated the same number of therapist-supported
sessions, and there was no difference between groups in the pro-
portion of missing data.

Participants

Participants were recruited from six sites across the United King-
dom: Birmingham, Coventry and Warwickshire, Sussex, East
Anglia, South London, and North London. The inclusion criteria
were: attending an early intervention service for at least 3 months,
being aged between 16 and 45, having a diagnosis of non-affective
psychosis, being clinically stable as judged by the clinical team, and
having the ability to give informed consent. The exclusion criteria
were: an underlying organic or neurological condition affecting
cognition, a comorbid diagnosis of intellectual disability, or an
inability to communicate in English sufficiently to participate in
cognitive testing. Participants were included if they had pre and
post-therapy measures (165 participants). At baseline, participants
had a mean score of 64.4 on the SOFAS and 12.84 and 14.39,
respectively, on the PANSS positive and negative sub-scales. Demo-
graphic data are detailed in Table 1.

Intervention

This RCT used a therapist-supported computerized CR, CIR-
CuiTS™ (Reeder et al., 2017), a new-generation training program
focusing on cognition and metacognition by encouraging partici-
pants to monitor andmanage their cognitive performance, with the
aim of improving the transfer of cognitive skills to daily living. All
intervention participants were offered 42 therapy sessions, either in
a small group or one-to-one and had similar amounts of contact
with a therapist. The therapy was delivered over 12 weeks by
graduate-level assistant psychologists who had received 25–30
hours of online training and received weekly supervision from an
experienced clinical psychologist.

Measures

Themeasures are described in Table 2. For a more detailed descrip-
tion of each measure, see the supplementary materials.

Statistical analysis and network estimation

The included data: Data imputation can be used reliably in network
analysis (Boschloo et al., 2019; Cervin et al., 2020; Griffiths et al.,
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2021) and imputed networks compare well with non-imputed
networks, so we used the Markov-Chain Monte Carlo technique
to generate plausible missing values drawn from a distribution
specifically modeled for eachmissing item, using a predictor matrix
(Buuren & Groothuis-Oudshoorn, 2011) – the MICE process for
pre- and post-CR networks (n = 165). To eliminate the possibility of
bias, we carried out a sensitivity analysis of complete cases.

All analyses were conducted using the statistical software R
(version 4.0.4). Descriptive statistics and t-tests were performed
to identify variables that significantly changed between pre- and
post-CR and identify the cognitive variables to be included in the
change networks.

Pre-CR and post-CR networks were created to establish the
network structures at presentation and follow-up. Additional net-
works were estimated using the difference in scores (pre – post-
therapy), including only the cognitive items that showed significant
improvement (<0.05) and either SOFAS or GAS as the outcome
measure – referred to hereafter as “change networks.” These net-
works were used to establish changes in interactions following
CR. Networks were estimated using the “Bootnet” package
(Epskamp & Fried, 2018), which uses the Extended Bayesian Infor-
mation Criterion (EBIC) in combination with the least absolute
shrinkage and selection operator (LASSO) to construct a network of
partial correlations, controlling for all other variables. The LASSO
procedure applies a penalty to small associations (considered to be

spurious), shrinking these to zero, and leaving a sparse network of
meaningful associations (Tibshirani, 1996).

To maximize the discovery of associations, the EBIC tuning
hyperparameter was set to 0. To assess the influence variables,
strength centrality was calculated for each variable by summing
the weighted connections to all other items in the network (the
degree to which each node is connected to other nodes in the
network). Those items with more and stronger connections to
others are considered to have the highest network “strength.”

Networks represent models of a series of variables referred to as
“nodes” (represented as circles) and their associations, referred to as
“edges” (represented by lines connecting nodes). Thicker edges
denote stronger associations between nodes. Networks were plotted
using the “Qgraph” package (Epskamp, Cramer,Waldorp, Schmitt-
mann, & Borsboom, 2012) with blue edges representing positive
partial correlations and red edges indicating negative partial
correlations. The layout of networks was set using the Fruchter-
man–Reingold algorithm (Fruchterman & Reingold, 1991) for the
pre-CR network, and the post-CR network layout was set to match
for ease of comparison. The length of edges has no specific meaning
in the network visualizations.

Network comparisons, accuracy, and stability

To compare differences statistically in network structure following
CR, pre- and post-CR networks were compared on global strength,
global structure, edge invariance, and centrality invariance, using
the Network Comparison Test (NCT) (van Borkulo et al., 2022).
The NCT is a permutation-based test that randomly regroups
individuals 1000 times to create a distribution under the null
hypothesis that groups are equal and then tests for network differ-
ences. “Global structure” is calculated by comparing the distribu-
tions of edge weights in the network, and “global strength” tests the
weighted sum of the absolute connections in each network.

In limited sample sizes, it is important to ensure that networks
are estimated accurately and, therefore, the interpretation of net-
works is valid. Accuracy and stability of networks were calculated
following best practice guidelines (Epskamp, Borsboom, & Fried,
2018). Bootstrapping routines (n = 1000) were used to test the
correlation stability for different edge weights and centrality indi-
ces, and bootstrapped confidence intervals (CIs) for edge param-
eters were reported.

Inclusion of lived experience

CIRCuiTS™ therapy was co-developed with service users. For the
ECLIPSE trial, peoplewith experience in usingmental health services
were consulted at every stage of the trial, from study question, design,
choice of outcome measures, protocol, and all patient-facing docu-
ment wording,We continue to involve service users as advisors, with
members of the Patient Advisory Board (PAB) being invited as
critical reviewers and authors of this analysis.

Results

Demographic and clinical data

Data for 165 participants allocated to either the “one-to-one”
(n = 77) or “group” (n = 88) arms were included. A total of 6.6%
of data was missing (across all measures), 1.6% at baseline, and
11.7% at follow-up. Ninety-six participants had complete data on

Table 1. Sample demographics

Variable
All cases (n = 165)
Mean (SD)/N (%)

Age 26.34 (6.64)

Gender

Male 122 (73.1%)

Female 43 (25.7%)

Ethnicity

White 73 (43.7%)

Black (African/Caribbean) 52 (31.3%)

Asian (i.e., Bangladeshi, Indian, Pakistani) 20 (12.0%)

Other (Other –mixed; Other –mixed White and Black
Caribbean)

19 (11.4%)

Missing 1 (1.6%)

Employment

Unemployed 143 (85.6%)

Part-time employed 11 (6.6%)

In full-time education 7 (4.2%)

Employed 3 (1.8%)

Missing 1 (1.6%)

Relationship Status

Single 111 (66.5%)

Living with partner 26 (15.6%)

Married 15 (9.0%)

Separated/divorced 12 (7.2%)

Missing 1 (1.6%)
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Table 2. Study measures

Measure (Minimum score –maximum
score)

Social and Occupational Functioning
Assessment Scale (SOFAS)

(0–100)

Participants were rated by the assessor from 1 (unable to function
without considerable support) to 100 (superior functioning in a wide
range of activities)

Higher scores are interpreted as better

Goal Attainment Scale (GAS) Goal Attainment Scale weighted T-score was scored as per the Goal
Attainment Scale guide.

A higher score interpreted as a better

Positive and negative syndrome
scale; positive symptom (PPos)

(7–49)

Sum total of the scores for the 7 “positive” items on the PANSS scale
(delusions, conceptual disorganization, hallucinations, excitement,
grandiosity, suspiciousness/persecution, hostility)

A lower score interpreted as better

Positive and negative syndrome
scale: negative symptoms (PNeg)

(7–49)

Sum total of the scores for the 7 “negative” items on the PANSS scale
(blunted affect, emotional withdrawal, poor rapport, passive/
apathetic social withdrawal, difficulty in abstract thinking, lack of
spontaneity and flow of conversation, stereotyped thinking)

Lower score interpreted as better

Clinical assessment interview for
negative symptoms; motivation
and pleasure (MAP)

(0–44)

Sum total of the CAINSMAP scale, which includes items onmotivation for
social, recreational, and vocational life, each scored 0–4.

Lower score interpreted as better

Clinical Assessment Interview for
Negative Symptoms Experiential
Scale (EXP)

(0–16)

Sum total of the CAINS EXP scale, which is scored based on observation
of facial, vocal, and expressive gestures and quantity of speech, each
scored 0–4.

Lower score interpreted as better

The Measure of Insight Into Cognition
(MIC-SR)

(0–36)

Total of the MIC-SR, which has 12 statements about self-perceived
cognitive ability, self-rated by the participant based on the frequency
it occurs: 0 (never), 1 (once a week or less), 2 (twice a week), or 3
(almost daily).

Lower score interpreted as better
functioning

Digit Span Backward (DS-B) The total of digit span backward Higher scores interpreted as better

Auditory Verbal Learning Test (AVLT)
(0–75)

Total words correctly recalled across trials (1–5) Higher scores interpreted as better

Cambridge Neuropsychological Test Automated Battery (CANTAB)

Attention switching task (AST) Attention Switching Task Total Correct. Measures attention switching
and multitasking.

Higher scores interpreted as better

Emotion recognition task (ERT) The total number of correct emotional selection responses across all
assessed trials. Measures ability to identify six basic emotions in facial
expressions along a continuum.

Higher scores interpreted as better

One-touch stockings of Cambridge
(OTSC)

One touch stockings of Cambridge problems solved on the first choice.
Measures executive functioning, including spatial planning and
working memory subdomains.

Higher scores interpreted as better

Paired associates learning (PAL)* Paired associates learning total errors
(Adjusted). The number of times the participant chose an incorrect box

for a patterned stimulus, with an additional adjustment for the
estimated number of errors they would have made on any problems,
attempts, and recalls they did not reach. Measures visual memory and
new learning.

Higher scores interpreted as better (after
reverse scoring)

Reaction time (RT)
(measured in milliseconds)

Median duration it took for a participant to release the response button
after the presentation of a target stimulus – calculated across correct,
assessed trials in which the stimulus could appear in any one of five
locations. Measures motor and mental response speed.

Higher scores interpreted as better

Rapid visual processing (RVP)*
(0.00–1.00)

Sensitivity to the target sequence (a string of three numbers), regardless
of response tendency (the expected range is 0.00 to 1.00). Measures
sustained attention

Higher scores interpreted as better

Spatial working memory (SWM)
(errors)*

Spatial working memory number of errors – number of times the
participant incorrectly revisits a box in which a token has previously
been found. Measures spatial working memory.

Higher scores interpreted as better (after
reverse scoring)
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all measures (see supplementary materials for complete-cases sen-
sitivity analysis), and imputation was performed for the remaining
69. Participants had a mean age of 26.3, 73.1% were male, 43.7%
were white, and at the time of the study, 85.6% were unemployed,
and 66.5% described themselves as single.

Mean pre- and post-CR scores for each variable included in the
network analyses are detailed in the Supplementary Material
(Table 1). The pre- and post-CR networks differed significantly
(p = < 0.05) on SOFAS, GAS, PANSS positive, PANSS negative,
CAINS MAP, AVLT, PAL, and SWM, representing a post-CR
improvement in each case.

Pre-CR network

The pre-CR network and centrality indices are shown in Figure 1.
The network was dense, with 57% of possible edges. The different
variable domains were well separated, with connectivity evident
within the cognitive and symptom domains. The most central
nodes in the network were PNeg, OTSC, AST, SOF, and AVLT.
As expected, social and occupational functioning (SOF) showed the
strongest associationwith negative symptoms (MAP and PNeg) but
also connected to other domains, including negative associations
with positive symptoms (PPos) and positive associations with
cognitive functioning (PAL, DS-B, OTSC, and AST). Cognitive
impairments additionally connected with negative symptoms
(AVLT – PNeg, AVLT – EXP, AST – PNeg, ERT – PNeg, PAL –

MAP, OTSC – EXP, RT – Pneg, DS-B – EXP, DS-B – MAP) and
positive symptoms (RT – PPos, SWM – PPos). TheMIC-SR (a self-
reported measure of cognitive difficulties) was most strongly asso-
ciated with positive symptoms.

Change network – CR

Figure 2 shows the change networks, including the symptoms and
cognitive variables shown to change between pre- and post-CR. In
the social and occupational functioning network, an increase in

SOFAS score was associated with a reduction in negative symptoms
(PNeg, EXP, MAP) and an improvement in cognition (PAL and
AVLT). Improvement in visual (PAL) and verbal learning (AVLT)
was also independently associated with a reduction in negative
symptoms (MAP and PNeg, respectively). Decreased positive
symptoms were associated with improved self-reported cognitive
ability and with improvement in negative symptoms (PNeg) but
had no direct association with social and occupational functioning.
In the GAS network, only improvement in visual learning was
associated with goal attainment. All other associations were the
same.

Pre- and post-CR network comparisons

The pre- (A) and post-CR (B) networks and centrality indices (C)
are shown together in Figure 3. The post-CR network was denser
than the pre-CR network, with 66% (vs 57%) of possible edges.
Networks did not differ in structure (M= 0.20, p = 0.45) but differed
in global strength, reflecting greater overall connectivity in the post-
CR network (S = 0.91, p = 0.03). Overall strength centrality did not
significantly differ between networks (C = 0.13, p = 0.051), but
visual learning (PAL) (p = 0.03) and motivation and pleasure
(MAP) (p = <0.001) increased in strength centrality. In terms of
individual edges, significantly stronger connections were observed
between digit-span backward and auditory verbal learning (AVLT);
attention-switching (AST) and rapid visual processing (RVP); and
visual learning (PAL) and negative symptoms (Neg).

Network stability and sensitivity analysis

Bootstrapping demonstrated acceptable stability, with edge weight
stability coefficients of 0.67 and 0.75 for the pre- and post-CR
networks, respectively, and 0.28 and 0.36 for the SOFAS and GAS
change networks. Strength centrality stability was also acceptable
for the pre-CR network (0.44) but fell below the minimum thresh-
old of 0.25 for the post-CR network (0.21), indicating that strength

Figure 1. pre-CR network and centrality indices estimate pre-CR and their strength centrality scores (C). Nodes (circles) represent cognitive (purpose), clinical (yellow), cognitive
insight (green), and functioning (blue) scores. Higher scores for cognitive and functioning nodes represent better performance, whilst higher scores for cognitive insight and
symptoms represent worse performance. Edge weights (lines) represent associations between nodes, with denser lines indicating stronger associations. Blue edges depict positive
associations, and red edges depict negative associations. AST = Attention Switching Task; AVLT = Auditory Verbal Learning Task, DS-B = Digit Span Backward, ERT = Emotion
Recognition Test; EXP = CAINS Expressive Score; MAP = CAINS Motivation and Pleasure Score; MIC = Measure of Insight into Cognition – Self Report; OTSC = One-Touch Stockings of
Cambridge; PAL = Paired Associates Learning; PNeg = PANSS Negative; PPos = PANSS Positive; RT = Reaction Time; RVP = Rapid Visual Processing; SOF = Social and Occupational
Functioning Assessment Scale; SWM = Spatial Working Memory.
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indices should be interpreted with caution in the post-CR network.
Results of the edge weight bootstrapping are visualized in the
supplementary materials.

Networks remained dense, showed comparable levels of stabil-
ity, key central items remained the same, and network and strength
invariance coefficients were also similar in the sensitivity analysis
for the complete cases (N96). However, the difference in network
strength was no longer significant (p = 0.10) (see supplementary
materials).

Discussion

The baseline network shows that cognition, negative symptoms, and
positive symptoms are separable constructs, with symptoms having
independent relationships with cognitive domains. Negative symp-
tomsplayed a central role in almost all networks andweremost linked
to changes in social and occupational functioning (particularlymotiv-
ation and pleasure). This finding accords with evidence that negative
symptoms account for a large proportion of variance in functional
outcomes in people with psychosis (Evensen et al., 2012; Fervaha,
Foussias, Agid, & Remington, 2014; Gee et al., 2016; Ho, Nopoulos,
Flaum, Arndt, & Andreasen, 1998; Milev, Ho, Arndt, & Andreasen,
2005) and that negative symptoms interfere with the translation of
cognitive improvement into functional gains following CR (Tinch-
Taylor et al., 2024). The exception was the variables influencing
change in goal attainment, where only improvement in a task meas-
uring visual memory and new learning (PAL) was positively associ-
ated with the achievement of personal goals.

Negative symptoms and cognitive deficits are correlated
(Addington, Addington, & Maticka-Tyndale, 1991; Dominguez,
Viechtbauer, Simons, van Os, & Krabbendam, 2009; Fervaha,
Zakzanis, et al., 2014; Heydebrand et al., 2004) and partially medi-
ate the relationship between cognitive deficits and functional
outcomes (González-Ortega et al., 2013; Tinch-Taylor et al., 2024;
Ventura, Hellemann, Thames, Koellner, & Nuechterlein, 2009).
Different hypotheses about the nature of this relationship have been

proposed, including that they are the manifestation of the same
underlying process, share a common etiology, or that they have
separable but related etiologies (Harvey, Koren, Reichenberg, &
Bowie, 2006). Previous research has also shown a relationship
between negative symptoms and verbal and visual learning in
relation to motivation (Fervaha, Foussias, et al., 2014) and expres-
sive (Hartmann-Riemer et al., 2015) deficits, with the current
study supporting that negative symptoms may at least partially
mediate a relationship between verbal and visual learning and social
and occupational functioning. It is important to note, however, that
change in both verbal and visual learning had unique associations
with change in social and occupational functioning even after
accounting for the relationship with negative symptoms, indicating
distinct relationships with functional outcomes.

The observation that changes in positive symptoms are unre-
lated to changes in social functioning supports a now-established
body of evidence that changes in positive symptoms are a poor
predictor of functional outcomes in this population (Rabinowitz
et al., 2012). Interestingly, the association between CAINS MAP
and PANSS Negative symptoms was weaker than expected, likely
reflecting and providing support for the distinct constructs these
scales measure despite their conceptual overlap (Strauss et al.,
2018). Furthermore, self-reported cognitive difficulties were most
strongly related to positive symptoms (rather than objective per-
formance on cognitive measures), suggesting that insight into
cognitive difficulties may be influenced by positive symptoms
and that self-report measures of cognitive difficulties provide a
different assessment compared to objective measures of cognitive
ability.

Implications for intervention

The findings suggest that negative symptoms should be considered
carefully when planning CR interventions, with a reduction in
negative symptoms likely to be critical to achieving improvement
in social and occupational outcomes.

Figure 2.Network of change scores for symptoms andmetacognition were reversed so that all blue edges depict improvement. Network estimates of change scores (pre- and post-
CR). Nodes (circles) represent cognitive (purpose), clinical (yellow), cognitive insight (green), functioning (blue), and goals (red) scores. Edge weights (lines) represent associations
between nodes, with denser lines indicating stronger associations. AST = Attention Switching Task; AVLT = Auditory Verbal Learning Task, DS-B = Digit Span Backward,
ERT = Emotion Recognition Test; EXP = CAINS Expressive Score; GAS = Goal Attainment Scale; MAP = CAINS Motivation and Pleasure Score; MIC = Measure of Insight into
Cognition – Self Report; OTSC = One-Touch Stockings of Cambridge; PAL = Paired Associates Learning; PNeg = PANSS Negative; PPos = PANSS Positive; RT = Reaction Time;
RVP = Rapid Visual Processing; SOF = Social and Occupational Functioning Assessment Scale; SWM = Spatial Working Memory.
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A meta-analysis of CR for people with psychosis showed small-
to-moderate durable benefits on negative symptoms (Cella, Preti,
et al., 2017), but the mechanisms of this effect remain poorly
understood. Gold et al., (2008) proposed that memory is instru-
mental in activating motivational resources and that memory
deficits may limit an individual’s ability to retrieve and use the
information to motivate and guide future goal-directed behav-
iors. Furthermore, neuroimaging studies have provided evidence
for the intersectionality of memory deficits and negative symp-
toms, showing that disturbances in verbal and associative learn-
ing may result from impaired pre-frontal cortex functioning,
which is also expressed in increased negative symptoms of flat
affect, loss of motivation, and impairments in goal-directed

behavior (Nestor et al., 2022; Oertel et al., 2019). However, evidence
that working memory mediates negative symptom improvement
has been mixed (Cella et al., 2017) with some suggesting a role of
social cognition (Raucher-Chéné, Thibaudeau, Sauvé, Lavigne, &
Lepage, 2021).

In the present study, negative symptoms significantly reduced
following CR and were linked to verbal and visual learning. This
hints at the possibility that targeting both verbal and visual learning
may provide secondary benefits on negative symptoms, with reca-
libration of reward sensitivity being a potential driver of change
(Cella et al., 2014). The direction of this relationship requires
further clarification, but the independent relationship between
these variables and social functioning provides promise that verbal

Figure 3. Network estimates pre-CR (A) and post-CR (B) and their strength centrality scores (C). Nodes (circles) represent cognitive (purpose), clinical (yellow), cognitive insight
(green), and functioning (blue) scores. Higher scores for cognitive and functioning nodes represent better performance, whilst higher scores for cognitive insight and symptoms
represent worse performance. Edge weights (lines) represent associations between nodes, with denser lines indicating stronger associations. Blue edges depict positive
associations, and red edges depict negative associations. AST = Attention Switching Task; AVLT = Auditory Verbal Learning Task, DS-B = Digit Span Backward, ERT = Emotion
Recognition Test; EXP = CAINS Expressive Score; MAP = CAINS Motivation and Pleasure Score; MIC = Measure of Insight into Cognition – Self Report; OTSC = One-Touch Stockings of
Cambridge; PAL = Paired Associates Learning; PNeg = PANSS Negative; PPos = PANSS Positive; RT = Reaction Time; RVP = Rapid Visual Processing; SOF = Social and Occupational
Functioning Assessment Scale; SWM = Spatial Working Memory.
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and visual learning may be considered important intervention
targets to both directly and indirectly enhance social and occupa-
tional functioning.

In addition to verbal learning,measures of executive functioning
and attention switching showed the highest strength centrality in
the pre-CR network and may be important remediation targets
(also more in line with CR treatment targets). Interestingly, change
in neither positive nor negative symptoms were related to goal
attainment, indicating the need for a better understanding of the
barriers to achieving personalized goals in this clinical group and
how improvement in visual memory and new learning may facili-
tate their improvement.

Comparatively greater overall connectivity post-CR requires
careful interpretation. Previous studies of symptoms in mental
illness have found that increased connectivity is associated with
more acute illness (Pe et al., 2015; van Borkulo et al., 2015; van
Rooijen et al., 2018), whilst others have shown evidence that
increased symptom connectivity parallels decreases in symptom
severity (Bos et al., 2018; Fokkema, Smits, Kelderman, & Cuijpers,
2013; Quilty et al., 2013). Of note, these studies focused on symp-
toms of illness and did not include possible strengths, such as more
homogenous cognitive abilities, which, in the context of positive
change in social and occupational functioning, may be interpreted
as positively affecting outcomes.

Limitations

This study is the first to examine change in the network structure
of symptoms following a psychological intervention in early
psychosis; it was not possible to make comparisons to a TAU
network due to the sample size. As a result, changes in network
structure and relationships cannot be attributed directly to the
intervention, even though this is the most parsimonious explan-
ation. Data were missing for 69 participants, which accounted for
6.6% overall, with 1.6% at baseline and 11.7% at follow-up. While
we employed imputation to address this issue, imputation tech-
niques rely on assumptions about the data and may not fully
account for the complexity of the missingness. A sensitivity
analysis using only complete cases showed comparable results
to the imputed dataset, providing reassurance regarding the
robustness of our findings. The reduced sample size in this
analysis resulted in slightly diminished statistical power, and it
is possible that some nuanced associationsmay have beenmissed.
Finally, we chose to include two negative symptom measures in
the analysis (i.e., the PANSS Negative subscale and the CAINS
subscales). These measures assess distinct aspects of negative
symptoms (as evidenced by a weak relationship between PANSS
negative and CAINS MAP), but there is conceptual overlap
between them (see supplementary materials for more detail).
This overlap could introduce a degree of redundancy and may
complicate the interpretation of findings, particularly when
examining associations with other variables.

Conclusions and future directions

Our results point to the centrality of negative symptoms for influ-
encing social and occupational outcomes but also suggest that CR
may be able to reduce these symptoms via improvement in cogni-
tive domains. Visual and verbal learning appear to be related to
changes in social and occupational functioning. Overall, the find-
ings indicate that CR may achieve its effect on functioning

outcomes through combinatory effects on cognitive domains but
also by changing symptoms linked to reduced motivation, pleasure
experience, and social contact. Future research should examine
which therapeutic mechanisms contribute to negative symptom
reduction and functioning change in CR.

One emerging approach is the extension of network analyses to
time-series data, which may provide insights into the temporal
relationships between negative symptoms, cognition, and function-
ing. Such insights will provide valuable information on the etiology
of functioning impairments and inform the further development of
a successful targeted cognitive remediation intervention.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0033291725000212.
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