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ABSTRACT
Introduction: The effects of cognitive remediation therapy (CRT) in adults with mental health disorders have been widely doc-
umented, but its effects in adolescents with mental health disorders remain poorly understood. This review aims to (1) determine 
the effects of CRT on cognition, symptoms and functioning for adolescents with mental health disorders and (2) evaluate the 
methodological quality of studies on CRT.
Methods: A systematic review and meta-analysis were conducted of randomised controlled trials of CRT involving adolescents 
with mental health disorders. Searches were conducted in databases for studies pertaining to CRT effects on cognition, social 
functioning and clinical symptoms. Methodological quality was assessed using the Clinical Trials Assessment Measure.
Results: Fourteen studies (N = 14) were included, with 11 independent samples (k = 11, 592 participants). Participants had var-
ious mental health disorders. CRT showed a small significant effect on cognition (g = 0.14, p = 0.02), particularly on processing 
speed, working memory and episodic memory. No significant effects were found for clinical symptoms (g = 0.04, p = 0.58) and 
social functioning (g = 0.06, p = 0.39). Methodological quality of included studies was variable, ranging from poor to good quality.
Conclusion: Included studies showed a small significant effect of CRT on cognition, and non-significant effects on clinical 
symptoms and social functioning in adolescents with mental health disorders. The lack of effects may be partly explained by 
limitations in the methodology of included studies. A critical analysis of current studies is presented and recommendations of 
core techniques to consider for future CRT studies are discussed.

Adolescence represents a crucial period during which numerous 
mental health disorders often initiate (Larsen and Luna  2018; 
Paus et  al.  2008). Indeed, nearly half of the mental disorders 
start around mid-adolescence, with a median age of onset at 
14.5 years (Kessler et al. 2007; Solmi et al. 2022). Moreover, ap-
proximately 75% of mental disorders develop prior to the mid-
twenties (Kessler et  al. 2007). Mood and behaviour disorders, 
including major depression, eating disorders and attention 

deficit hyperactivity disorder (ADHD), are particularly preva-
lent among young people (Bitsko et al. 2022; Kessler et al. 2012).

These mental health disorders are associated with cognitive dif-
ficulties, which may occur early in the course of the disorder or be 
present before its onset (East-Richard et al. 2020; Lewandowski 
et al. 2011). For instance, children and adolescents with ADHD 
have difficulties in inhibition, vigilance, working memory and 
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planning (East-Richard et al. 2020; Huang-Pollock et al. 2012; 
Walshaw et al. 2010; Willcutt et al. 2005). Children and adoles-
cents with major depressive disorder show pronounced deficits 
in inhibition, phonemic verbal fluency, sustained attention, 
verbal memory and planning (East-Richard et al. 2020; Wagner 
et  al.  2015). Adolescents with eating disorders (e.g., anorexia 
nervosa) experience deficits in mental flexibility, inhibition, at-
tention and planning (Iceta et al. 2021; McAnarney et al. 2011). 
Given the presence of cognitive difficulties associated with most 
mental health conditions, regardless of age, cognitive difficul-
ties are considered as a transdiagnostic feature (Abramovitch 
et al. 2021; East-Richard et al. 2020).

Cognitive impairment that is present early in the course of ill-
ness is strongly associated with functional outcomes among 
adolescents and young people. For instance, cognitive impair-
ments are negatively associated with educational achievement 
(Alloway and Alloway  2010; Biederman et  al.  2004, 2006; 
Bull et  al.  2008; Mojtabai, Stuart, Hwang, Eaton, et  al.  2015). 
Cognitive difficulties also affect workplace functioning and are 
negatively associated with occupational attainment (Biederman 
et al. 2006; Cowman et al. 2021; Lee et al. 2015, 2018; Mojtabai, 
Stuart, Hwang, Susukida, et  al.  2015; Schnitzler et  al.  2006). 
Given the associations between cognitive difficulties and both 
social and occupational outcomes, cognition is increasingly con-
sidered a relevant treatment target (e.g., Cowman et  al.  2021; 
Lee et al. 2018; Santesteban-Echarri et al. 2017). Cognitive dif-
ficulties also emerged as one of the top treatment priorities in a 
recent survey conducted among 243 young people with mental 
health conditions (Bryce et  al.  2024). This study also showed 
that there is a considerable treatment gap with less than one 
third receiving treatment for these difficulties.

Over the years, several approaches have been developed to im-
prove cognitive functioning (Dresler et al. 2019). Among these, 
there is cognitive remediation therapy (CRT) which is defined as 
‘a behavioural training-based intervention that aims to improve 
cognitive processes (attention, memory, executive function, 
social cognition or metacognition) with the goal of durability 
and generalization’ (Cognitive Remediation Experts Workshop 
2010). Most CRT programmes are based on a ‘drill and practice’ 
approach or a ‘drill, practice and strategy’ approach. The former 
refers to a type of training and practice that solely utilises exer-
cises with gradually increasing difficulty. Meanwhile, the latter 
includes teaching a strategy use alongside exercises with grad-
ually increasing difficulty. Therapist will also teach strategies 
to the participant in order to adopt better ways of completing 
the exercises (e.g., mnemonic tips, division of text into chunks). 
This incorporation of strategy-learning facilitates the transfer of 
these skills to the context of daily life (Wykes et al. 2011).

In recent years, literature reviews have investigated the effects 
of CRT for adults with mental health disorders, notably for psy-
chotic disorders (e.g., Vita et  al.  2021; Wykes et  al.  2011), eat-
ing disorders (e.g., Tchanturia et al. 2014) and mood disorders 
(e.g., Anaya et al. 2012). All have reported beneficial effects of 
CRT on cognition or social functioning. However, few reviews 
included studies that solely included adolescents with mental 
health disorders. In fact, reviews often include either children or 
adults (e.g., Cortese et al. 2015; Lindvall Dahlgren and Rø 2014; 
Rapport et al. 2013). As such, little is known about the nature 

and the magnitude of effects of CRT among adolescent with 
mental health disorders.

When considering the evidence in this area, it is important to 
assess the studies' methodological quality since it could affect 
the results. To our knowledge, methodological quality has never 
been assessed in studies of CRT in adolescents with mental 
health disorders although this has been evaluated in adults (e.g., 
Wykes et  al.  2011; Vita et  al.  2021). The active ingredients of 
effective CRT also remain to be identified within the adolescent 
population. Given the dynamic phase of development that ado-
lescents are in, they may have unique therapeutic needs. Taken 
together, there is a gap in knowledge during adolescence when 
intervention may be most critical.

Additionally, given that cognitive impairments are observed 
transdiagnostically (East-Richard et al. 2020) and are associated 
with poorer functioning, CRT may be a promising transdiagnos-
tic treatment in psychiatry for improving functional outcomes. 
Yet, cognitive remediation studies, which aim to investigate the 
effects of this intervention on cognition, should rather be inter-
ested in targeting common cognitive impairments among several 
neurodevelopmental and psychiatric disorders, adopting there-
fore a transdiagnostic approach (East-Richard et al. 2020). This 
approach aims to gather psychiatric disorders by common aspects 
between them called “transdiagnostic factors”. Thus, in this re-
view, the goal was to examine CRT as a transdiagnostic treatment.

The first objective of this systematic review is to determine the 
effects of CRT on cognition, symptoms and functioning within 
adolescent populations with mental health disorders. The sec-
ond objective is to evaluate the methodological quality of these 
studies to rigorously assess the evidence and make recommen-
dations for future research.

1   |   Methods

The systematic review process was conducted according to 
quality standards (Hemingway and Brereton  2009; Perestelo-
Pérez 2013; Schlosser 2007) and following Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
standards (Page et al. 2021).

1.1   |   Literature Search

Searches were conducted in three different databases (PubMed, 
PsycINFO and Embase) and covered articles published from 
January 1970 to January 2024. The following terms were used: 
Cognitive remediation, neurocognitive remediation, neuropsycho-
logical remediation, cognitive rehabilitation, neuropsychological 
rehabilitation, cognitive training, attention training, memory train-
ing, concentration training, executive functions training, remedia-
tion strategy, computer-assisted therapy, cognitive habilitation and 
neuropsychological habilitation. Controlled vocabulary targeting 
cognitive remediation was also used. References of retrieved arti-
cles were also screened to identify any articles that may have been 
missed through the search engines. Finally, experts in the field of 
cognitive remediation were also contacted to ensure that all rele-
vant studies for this systematic review were included.
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The first screening of title and abstract was conducted by two 
independent investigators. If there was a lack of consensus be-
tween these two investigators, a third investigator decided if the 
article was included or not. The same procedure was used for the 
second screening (full-text screening).

1.2   |   Selection Criteria

The following inclusion criteria were used: (1) publication in 
French or English, (2) article published in a peer-reviewed jour-
nal, (3) original randomised controlled study, (4) mean age of 
the population between 12 and 17 years, (5) diagnosis of men-
tal health disorder in both experimental and control groups, (6) 
CRT as an intervention in the experimental group, (7) control 
group without CRT and (8) pre- and post-assessments with a 
cognitive measure (subjective or objective) different than the 
trained tasks in the CRT. Subjective cognitive measures refer to 
questionnaires that assess cognitive functions (self-reported or 
completed by someone else such as a parent or a teacher), while 
objective cognitive measures refer to standardised neuropsycho-
logical tests. Experimental tasks were not included.

Studies were excluded if participants had intellectual disabil-
ities, a neurological disorder (e.g., epilepsy or traumatic brain 
injury) or any disease that could affect cognitive functioning 
(e.g., HIV).

1.3   |   Data Extraction

Data extraction was conducted by two independent reviewers. 
In cases of disagreement, a third investigator made the final de-
cision. The following items were codified: country in which the 
study was conducted, year of publication, sample size, reason(s) 
and rates of attrition, mean age, gender, ethnic group, educa-
tion, mental health disorder, medication, description of the CRT 
and quantitative results of pre/post-assessments on cognitive 
outcomes, clinical symptoms and social functioning. Table  1 
provides the list of all neuropsychological tests as well as social 
functioning and clinical questionnaires. All neuropsychological 
outcomes in the included studies were categorised into eight 
cognitive domains: attention, processing speed, working mem-
ory, executive functions, social cognition, episodic memory, lan-
guage and visuospatial skills. This classification was conducted 
independently by a neuropsychologist (CER) and a PhD student 
in neuropsychology (AC). It was carried out to facilitate the 
combination of the different outcomes and to enable compari-
sons of CRT effects across general cognitive domains.

1.4   |   Methodological Quality Assessment

Methodological quality of each study was assessed using the 
Clinical Trials Assessment Measure (CTAM). The CTAM is a 
15-item measure of methodological quality for psychological 
treatment studies (Tarrier and Wykes 2004; Wykes et al. 2008). 
It considers the following criteria: sample, group allocation to 
treatment, assessment (standardised instruments, blind assess-
ment), comparison group, conducted analyses, and treatment 
(description, protocol and therapist fidelity to treatment). CTAM 

scores range from 0 to 100 points, and a score under 65 indicates 
a higher risk of bias (Wykes et al. 2008).

Assessments were completed by two independent reviewers and 
disagreements were resolved by discussion or by a third inves-
tigator. Reliability coefficient was high (intraclass coefficient: 
0.97). For one study (Ueland and Rund 2004, 2005), scores were 
based on the assessment already conducted by one of our team 
members in Wykes et al.'s (2011) paper. Final scores were sent to 
authors to validate points awarded and to ensure that nothing 
has been forgotten or overlooked.

1.5   |   Statistical Analyses

Effect sizes were computed to estimate the effects of CRT on cog-
nition, social functioning and clinical symptoms. Effect sizes for 
each cognitive domain were also computed. Given that few stud-
ies were included in the meta-analysis, Hedge's g was used to avoid 
the overestimate of the effect sizes with Cohen's d. Analyses were 
made on the mean difference between the pre- and post-scores, or 
on the F-statistic from ANOVA calculated on difference between 
change scores. Moderator analyses were also conducted to investi-
gate the effects of the type of CRT and the primary mental health 
disorder. All analyses were performed using the Comprehensive 
Meta-Analysis (CMA) software (Borenstein et  al.  2000) with a 
random effects model. Cohen's guidelines (Cohen 1988) were used 
for the interpretation of effect sizes (0.20 = small; 0.50 = moderate; 
0.80 = large). As such, positive effect sizes represented greater im-
provements in the CRT group. To document whether effect sizes 
were constant across studies, the Q homogeneity statistic was cal-
culated. The I2 statistic was also calculated to qualify the propor-
tion of total variance due to heterogeneity. I2 values of 25%, 50% 
and 75%, respectively, represent small, moderate and high hetero-
geneity (Higgins et al. 2003). This statistic was considered because 
it is not affected by the number of included studies.

In a meta-analysis, publication bias is an important aspect to 
consider. It refers to the fact that the published literature is not 
representative of all conducted studies and that unpublished 
studies are more likely to have non-significant effects (Egger 
and Smith 1998; Rosenthal 1979; Rothstein et al. 2006). To ex-
plore possible publication bias, Trim and fill analyses were done 
(Duval and Tweedie 2000).

Regarding CTAM scores, Spearman's correlations were com-
puted between these scores and the effect sizes computed for 
cognitive, social functioning and clinical outcomes.

2   |   Results

2.1   |   Literature Search Results 
and Socio-Demographic Data

Literature search yielded 3096 articles. After the initial screen-
ing, 336 articles were retained, of which 14 were retained after 
the full-text screening, with publication years ranging from 
2004 to 2022. As such, 322 articles were excluded for the reasons 
specified in the flowchart (see Figure 1). A list of these excluded 
studies is available upon request. Fourteen articles (N = 14) were 
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TABLE 1    |    Neuropsychological tests, social functioning and clinical questionnaires.

Variable Test

Cognitive 
outcomes

Backward Masking Test (BMT)
Behavior Rating Inventory of Executive Function (BRIEF)

Brief Visuospatial Memory Test—Revised (BVMT-R)
Brixton Test

Cambridge Neuropsychological Test Automated Battery (CANTAB)
Children's Memory Scale (CMS)

Color Stroop Task
Conners' Continuous Performance Test II (CPT-II)
Controlled Oral Word Association Tests (COWAT)

Corsi Block-Tapping Test
Degraded Stimulus Continuous Performance Test (DS-CPT)

Detail and Flexibility Questionnaire (D-FLEX)
Go/No-Go

Hopkins Verbal Learning Test—Revised (HVLT-R)
Kimura Recurring Figures Test

MATRICS Consensus Cognitive Battery (MCCB)
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS)

Rey Auditory Verbal Learning Test (RAVLT)
Rey-Osterrieh Complex Figure test (ROCFT)

Tower of London (ToL)
Trail Making Test (TMT)

Verbal Fluency Task
Wechsler Adult Intelligence Scale—Fourth Edition (WAIS-IV)
Wechsler Adult Intelligence Scale—Third Edition (WAIS-III)

Wechsler Intelligence Scale for Children—Fourth Edition (WISC-IV)
Wechsler Intelligence Scale for Children—Fourth Edition (WISC-IV) Integrated

Wechsler Memory Scale—Third edition (WMS-III)
Wisconsin Card Sorting Test (WCST)

Social 
functioning

Children's Global Assessment Scale (C-GAS)
Global Assessment Scale (GAS)

Health-Related Quality of Life (HRQoL)
Life Skills Profile (LSP)

Personal and Social Performance Scale (PSP)
Rosenberg Self-Esteem Scale (RSES)

Social Communication Questionnaire (SCQ)
Social and Occupational Functioning Assessment Scale (SOFAS)

Social Responsiveness Scale (SRS)
Vineland Adaptive Behavior Scales—Second edition (VABS)

Clinical 
symptoms

Attention-Deficit/Hyperactivity Disorder Rating Scale—Fourth edition (ADHD-RS)
Beck Anxiety Inventory (BAI)

Beck Depression Inventory (BDI)
Behaviour Assessment Scale for Children (BASC-2)

Brief Psychiatric Rating Scale—Expanded version (BPRS)
Child Behavior Check List (CBCL)

Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS)
Calgary Depression Scale (CDS)

Clinical Global Impression-Severity of Illness Scale and Clinical Global Improvement (CGI)
Conners Rating Scales 3rd edition (CRS-3)
Conners Rating Scales—Revised (CRS-R)

Eating Disorder Examination Questionnaire (EDE-Q)
Health of Nation Outcome Scale for Children and Adolescents (HoNOSCA)

Impact of Event Scale-Revised (IES-R)
Positive and Negative Symptom Scale (PANSS)

Revised Child Anxiety and Depression Scale (RCADS)
Scale for the Assessment of Negative Symptoms (SANS)
Yale-Brown-Cornell Eating Disorder Scale (YBC-EDS)
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included in this review considering 11 independent samples 
(k = 11). One study's findings were documented across two ar-
ticles, each focusing on different outcomes (Hasslinger, Bölte, 
et al. 2022; Hasslinger, Jonsson, et al. 2022). Additionally, two 
follow-up studies were included: Ueland and Rund's (2005) study 
is the 1-year follow-up of a study by Ueland and Rund (2004), 
and Urben et al. (2012) study is the 6-month follow-up of a study 
by Holzer et  al.  (2014). Only the pre- and post-treatment data 
were included in the meta-analysis, while data from follow-up 
assessments were only considered qualitatively.

Table 2 presents socio-demographic data for each included study. 
The final sample sizes included 303 participants in the CRT 
group (mean age: 14.95 years, k = 8, range: 12.61–16.70 years) 
and 289 participants in the control group (mean age: 14.94 years, 
k = 8, range: 12.21–16.80 years). Sample sizes were mainly small 
(mean sample size = 26.91, range = 9–106), and most studies 
were conducted with outpatients. Most studies focused on psy-
chotic disorders (k = 4) and ADHD (k = 4), while the remaining 
studies examined anorexia nervosa (k = 2) and post-traumatic 
stress disorder (k = 1). Besides the mental health disorders spe-
cifically targeted in the studies, participants had various other 
mental health conditions (see Table 2).

2.2   |   CRT Programmes

Description of CRT programmes is presented in Table  3. Most 
studies used individually CRT and used ‘drill and practice’ inter-
vention (k = 6, n = 8), while the remaining studies used a ‘drill, 
practice and strategy coaching’ programme (k = 4, n = 5) or a 
‘strategy alone’ programme (k = 1, n = 1). The number of therapy 
sessions varied considerably across studies, ranging from 8 to 
40 sessions (k = 10). Two programmes were used by more than 

one study: Captain's Log software (k = 2, n = 3) and Cognitive 
Remediation Therapy programme (k = 3, n = 3). In addition to 
CRT, five studies included another therapeutic component (k = 5, 
n = 7) such as family-based treatment, or treatment as usual 
(TAU) including psychoeducation, medical and psychological 
follow-up. CRT groups were mainly compared to active control 
groups (k = 7, n = 9, e.g., psychoeducational treatment or computer 
games). Only four studies (k = 4, n = 5) compared their CRT group 
to a passive control group (waiting list or medication use only).

2.3   |   Cognitive Outcomes

Tables 4 and 5 show the results of the analyses. Global effect 
sizes for each study are shown in a forest plot (see Figure 2). A 
small significant effect of CRT on global cognition was found 
(g = 0.14, 95% CI = 0.03–0.25, p = 0.02). Moderate heterogene-
ity was found across studies (Q = 28.85, p < 0.05, I2 = 65.34). 
As part of sensitivity analyses, one study was considered an 
outlier and subsequently removed (Lock et al. 2018). This had 
a limited effect on effect size (g = 0.16, 95% CI = 0.05–0.27, 
p < 0.05), as well as on heterogeneity (Q = 23.60, p < 0.05, 
I2 = 61.86). The Trim and fill analysis did not show any miss-
ing studies for cognitive outcomes. The effects on global cogni-
tion varied by primary diagnosis: studies of populations with 
psychotic disorders and PTSD showed small and moderate 
significant effects respectively, whereas studies of populations 
with ADHD or anorexia nervosa showed no significant effects 
(see Table 5). However, it should be noted that only one study 
was included in the analyses for PTSD. The effects on global 
cognition also varied according to the type of CRT (‘drill and 
practice’, ‘drill, practice and strategy’ or ‘strategy alone’), with 
slightly higher and significant effects observed for the ‘drill 
and practice’ approach (g = 0.18, p = 0.03) compared to the 

FIGURE 1    |    Flowchart of included studies: Selection process.
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‘drill, practice and strategy’ approach (g = 0.04, p = 0.77). For 
the ‘strategy alone’ approach, a small significant effect was 
found (g = 0.20, p < 0.01), but only one study was included 
in the analyses. Regarding analyses of specific cognitive do-
mains, small significant effects were found for processing 
speed, working memory, episodic memory and social cogni-
tion (see Table 4). Given that only one study focused on social 
cognition, these results should be interpreted with caution.

2.4   |   Clinical Outcomes

All studies (k = 11) assessed the effects of cognitive remediation 
on clinical symptoms. No significant effect was found (g = 0.04, 
95% CI = −0.11 to 0.20, p = 0.58) and results were heterogenous 
(Q = 38.01, p < 0.01, I2 = 73.69). Heterogeneity may be partly ex-
plained by the results of Schweizer et al.'s  (2017) study, which 
has a considerably higher effect size compared to the others. 
After excluding this study from the analyses, heterogeneity de-
creased slightly, but remained significant (Q = 26.04, p < 0.01, 
I2 = 65.44). Effect sizes for each study are depicted in a forest 
plot (Figure 3). The Trim and fill analysis showed three missing 
studies that would change the effect size from 0.04 to 0.003.

Regarding the moderator analyses (see Table 5), no difference was 
found between the different types of CRT. Larger effects were ob-
served in the PTSD population, with a large and significant effect 
size (g = 1.41, p < 0.01). However, it is important to note that this ef-
fect size was based on a single study (Schweizer et al. 2017), which 
differed markedly from the others in terms of effect size.

2.5   |   Social Functioning Outcomes

Few studies (k = 6) assessed changes in social functioning after 
CRT. A global effect size was computed, but it must be inter-
preted with caution given the small number of studies included. 
No significant effect of CRT on social functioning was found 
(g = 0.06, 95% CI = −0.07 to 0.18, p = 0.39). Results were homoge-
neous across studies (Q = 4.88, p = 0.43, I2 = 0.00). Effect sizes for 

each study are depicted in a forest plot (see Figure 4). According 
to the Trim and fill analysis, three studies are missing, and it 
would change the effect size from 0.06 to −0.03.

No moderator analyses were significant (see Table 5), either ac-
cording to primary mental health diagnosis or according to the 
type of CRT.

2.6   |   Follow-Up Studies

Among included studies, only two were follow-up studies 
(Ueland and Rund 2005; Urben et al. 2012). Nevertheless, two 
other studies included results from a post-CRT follow-up within 
their article (Puig et  al.  2014; Hasslinger, Bölte, et  al.  2022; 
Hasslinger, Jonsson, et al. 2022).

In Ueland and Rund's  (2005) study, no significant difference 
was found between groups at the 1-year follow-up. Both groups 
improved on almost all cognitive variables at follow-up, as well 
as on global functioning, global symptomatology and positive 
symptomatology.

In their study, Urben et  al.  (2012) conducted a 6-month fol-
low-up. Significant improvements were found between baseline 
and follow-up only in the CRT group on one measure of exec-
utive functioning (Stroop test) and one measure of problem-
solving (Block design subtest). Regarding clinical symptoms, 
both groups improved between baseline and follow-up.

In Puig et al.'s (2014) study, cognitive improvements found in the 
CRT group at post-test (executive functions, working memory 
and verbal episodic memory) were maintained at the 3-month 
follow-up. However, it should be noted that the follow-up assess-
ment was not carried out in the control group, which prevented 
a comparison of the stability of changes.

Finally, in Hasslinger, Bölte, et  al.'s  (2022) and Hasslinger, 
Jonsson, et al.'s (2022) study, inattentive and hyperactivity/im-
pulsivity symptoms were lower in the CRT group at the 6-month 

TABLE 4    |    Effects of cognitive remediation on cognition, clinical symptoms and social functioning.

Outcome Number of studies Effect size (Hedge's g) 95% Confidence intervals p

Cognition—Global effect size 11 0.14 0.03–0.25 0.02

Attention 5 −0.07 −0.25 to 0.11 0.43

Processing speed 2 0.33 0.03–0.64 0.03

Working memory 5 0.31 0.09–0.53 0.01

Executive functions 10 0.04 −0.05 to 0.13 0.36

Social cognition 1 0.36 0.08–0.63 0.01

Episodic memory 4 0.18 0.02–0.34 0.03

Language 1 −0.12 −0.80 to 0.56 0.73

Visuospatial skills 3 −0.03 −0.56 to 0.51 0.93

Clinical symptoms 11 0.04 −0.11 to 0.20 0.58

Social functioning 6 0.06 −0.07 to 0.18 0.39
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follow-up according to all teacher ratings and one parent rating. 
Regarding metacognitive abilities, greater improvements found 
in the CRT group at post-test were also found at follow-up (ac-
cording to teacher ratings). Finally, they also found greater ef-
fects of CRT on a spatial working memory task and such effects 
were observed at both post-test and follow-up.

2.7   |   Methodological Quality Assessment

CTAM scores for each study (k = 11) are presented in Table  6 
and Figure  5 (mean score = 66.27, SD = 12.99, range = 49–84). 

No significant correlation was found between effect sizes and 
methodological quality (p > 0.05). Nearly half of the studies ob-
tained a score below 65 (k = 5/11).

Almost all studies were unable to meet all the CTAM criteria. 
For instance, only five studies met the criteria for sample size 
(k = 5). Regarding adherence to protocol, it was frequently con-
sidered, but few studies assessed it directly. Indeed, only Steiner 
et  al.  (2011) assessed adherence to protocol by using fidelity 
checklists to ensure quality of intervention implementation. 
However, some studies assessed participant's compliance to 
treatment using the number of logins in the software.

TABLE 5    |    Effects of moderators on cognitive, clinical and functional outcomes.

Outcome Number of studies
Effect size 
(Hedge's g) 95% Confidence intervals p

Global cognition

Primary mental health diagnosis

ADHD 4 0.17 −0.1 to 0.35 0.07

Anorexia nervosa 2 −0.23 −0.73 to 0.27 0.37

Psychotic disorder 4 0.20 0.11–0.29 < 0.01

PTSD 1 0.53 0.12–0.94 0.01

Type of CRT

Drill and practice 6 0.18 0.02–0.35 0.03

Drill, practice and strategy 4 0.04 −0.22 to 0.30 0.77

Strategy alone 1 0.20 0.10–0.31 < 0.01

Clinical symptoms

Primary mental health diagnosis

ADHD 4 0.16 −0.04 to 0.36 0.11

Anorexia nervosa 2 −0.26 −0.89 to 0.37 0.42

Psychotic disorder 4 −0.08 −0.24 to 0.09 0.36

PTSD 1 1.41 0.63–2.19 < 0.01

Type of CRT

Drill and practice 6 0.21 −0.07 to 0.49 0.14

Drill, practice and strategy 4 −0.10 −0.38 to 0.19 0.52

Strategy alone 1 −0.05 −0.24 to 0.14 0.60

Social functioning

Primary mental health diagnosis

ADHD 1 −0.03 −0.43 to 0.36 0.87

Anorexia nervosa 1 −0.04 −0.23 to 0.16 0.69

Psychotic disorder 4 0.15 −0.03 to 0.33 0.09

Type of CRT

Drill and practice 2 −0.01 −0.35 to 0.33 0.96

Drill, practice and strategy 3 0.13 −0.14 to 0.41 0.34

Strategy alone 1 0.001 −0.27 to 0.27 0.99

Abbreviations: ADHD, attention deficit hyperactivity disorder; CRT, cognitive remediation therapy; PTSD, post-traumatic stress disorder.
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It is important to note that some CTAM criteria were met by 
almost all studies. Indeed, all studies used standardised assess-
ments despite not always specifying whether these assessments 
were carried out blind to group allocation. Furthermore, in all 
but one study, the treatment was described adequately in the 
article. Finally, all studies used appropriate statistical analyses 
according to the design and to the type of outcome.

2.8   |   Attrition

Attrition rates are presented in Table 3. Overall, drop-out rates 
were low across the studies, except in Puig et al.'s (2014) study, 
which had an attrition rate of 41.18%. According to the authors, 
these participants were more likely to have higher IQ and schi-
zoaffective disorder diagnosis. However, it is noteworthy that 

FIGURE 2    |    Forest plot of cognitive outcomes. CG, control group; CRT, cognitive remediation therapy.

FIGURE 3    |    Forest plot of clinical outcomes. CG, control group; CRT, cognitive remediation therapy.

FIGURE 4    |    Forest plot of social functioning outcomes. CG, control group; CRT, cognitive remediation therapy.
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the attrition rate did not differ between CRT and control groups 
in this study. In other studies, number of dropouts ranged from 
0% to 29.20%.

Overall, dropouts were mainly due to symptom exacerbation 
and/or pharmacological changes (22.22%). Additional reasons 
included participant refusal to continue care in the institution 

TABLE 6    |    Clinical Trials Assessment Measure (CTAM) scores.

Study

Sample 
(maximum 

10)

Allocation 
procedure 

(maximum 
16)

Assessment 
(maximum 

32)

Comparison 
(maximum 

16)

Analysis 
(maximum 

15)

Treatment 
description 
(maximum 

11)

CTAM 
total score 
(maximum 

100)

Ueland and 
Rund (2004, 
2005)

2 10 6 10 15 6 49

Steiner 
et al. (2011)

5 16 6 6 9 11 53

Holzer 
et al. (2014), 
Urben 
et al. (2012)

7 16 26 10 15 6 80

Puig 
et al. (2014)

2 16 29 16 15 6 84

Schweizer 
et al. (2017)

7 10 6 10 15 6 54

Bikic 
et al. (2017)

2 16 26 16 9 11 80

Ackermann 
et al. (2018)

2 10 6 16 9 11 54

Lock 
et al. (2018)

2 13 26 16 11 6 74

Li et al. (2020) 7 10 26 6 15 6 70

Hasslinger, 
Bölte, 
et al. (2022), 
Hasslinger, 
Jonsson, 
et al. (2022)

7 16 9 16 15 11 74

Giombini 
et al. (2022)

7 16 6 16 9 3 57

FIGURE 5    |    Effect sizes by study and CTAM score. CTAM, Clinical Trials Assessment Measure.
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(16.05%), participant starting another treatment which pre-
vented the delivery of CRT (12.35%), and participant moving to 
another city or institution (6.17%). Reasons of attrition were not 
reported in 24.69% of cases.

Among the studies that included an active therapist (k = 7), four 
reported lower attrition rates in the CRT group compared to 
the control group (Giombini et al. 2022; Lock et al. 2018; Puig 
et  al.  2014; Ueland and Rund  2004). In the remaining three 
studies, either no difference between groups was observed 
(Li et  al.  2020) or the CRT group had a higher attrition rate 
(Hasslinger, Bölte, et al. 2022; Hasslinger, Jonsson, et al. 2022; 
Holzer et al. 2014). For studies without a therapist or a minimally 
active therapist (k = 4), two reported lower attrition rates in the 
CRT group (Ackermann et al. 2018; Bikic et al. 2017), one re-
ported higher attrition in the CRT group (Steiner et al. 2011) and 
one found no difference between groups (Schweizer et al. 2017). 
Thus, results on the influence of the presence or absence of a 
therapist were mixed.

Results were also mixed regarding the type of CRT. For stud-
ies with a ‘drill and practice’ approach (k = 6), three reported 
higher attrition rates in the CRT group (Hasslinger, Bölte, 
et al. 2022; Hasslinger, Jonsson, et al. 2022; Holzer et al. 2014; 
Steiner et  al.  2011), while three reported higher or identical 
attrition rates in the control group (Ackermann et  al.  2018; 
Bikic et al. 2017; Schweizer et al. 2017). For studies offering 
a ‘drill, practice and strategy’ approach (k = 4), all reported 
lower attrition rates in the CRT group, suggesting that such an 
approach may lead to better retention. Additionally, almost all 
studies that included a psychosocial rehabilitation component 
reported lower attrition rates in the CRT group compared to 
the control group (k = 4/5). The only exception was the study 
by Holzer et  al.  (2014), which found higher attrition in the 
CRT group. This study used a ‘drill & practice programme, 
whereas the other studies used a ‘drill, practice’ and strat-
egy’ programme (Giombini et al. 2022; Lock et al. 2018; Puig 
et al. 2014; Ueland and Rund 2004).

3   |   Discussion

The aims of this systematic review and meta-analysis were two-
fold: to determine the effects of cognitive remediation on cogni-
tion, symptoms and functioning among adolescents with mental 
health disorders, and to evaluate the methodological quality of 
these studies. Fourteen articles were included in the systematic 
review with 11 independent samples (k = 11, 592 participants) 
with various mental health disorders.

The results showed a significant small benefit of CRT on global 
cognition in adolescents with mental health disorders, with a 
slightly stronger effect for studies using a ‘drill and practice’ 
approach. Significant small effects were observed for process-
ing speed, working memory and episodic memory. It is inter-
esting to note that these three cognitive processes are among 
those most affected in children and adolescent populations 
with mental health disorders or in first-episode populations 
(East-Richard et  al.  2020). Therefore, there may have been 
more scope to intervene with these more pronounced cogni-
tive deficits.

While meta-analyses with adults demonstrate significant bene-
ficial effects of CRT across various mental health disorders (e.g., 
Anaya et al. 2012; Tchanturia et al. 2014; Wykes et al. 2011), the 
effects found in the present meta-analysis were not as strong. 
One could argue that adolescents with mental health disorders 
may be less affected by their mental health conditions in terms of 
cognitive/social skills and clinical symptoms than adult psychi-
atric populations who have lived with the consequences of their 
disorder for much longer (East-Richard et al. 2020). Additionally, 
very few studies included in this review considered the presence 
of cognitive impairments as an inclusion criterion in their stud-
ies. Indeed, only two studies reported having used such a cri-
terion (Holzer et al. 2014; Puig et al. 2014). Therefore, without 
significant cognitive deficits at baseline, improvements may be 
harder to achieve than in a chronic population. This is corrob-
orated by Revell et  al.  (2015), who conducted a meta-analysis 
on CRT in early-onset schizophrenia and obtained a non-
significant global effect of CRT on cognition (effect size = 0.13, 
p = 0.14). In our meta-analysis, although the global effect on cog-
nition was small for populations with psychotic disorders, it was 
significant and greater than the effect observed in populations 
with ADHD or anorexia nervosa. Given that psychotic disorders 
are characterised by cognitive deficits present from the onset of 
the disorder (East-Richard et al. 2020; Lewandowski et al. 2011), 
this may help explain the more pronounced effects on cognition 
in these populations compared to those with ADHD or anorexia 
nervosa, whose cognitive impairments are less severe (East-
Richard et al. 2020; Stedal et al. 2022).

Regarding the effects on clinical symptoms, the results were 
mixed and there was no global beneficial effect. Moreover, no 
effect was observed according to the type of CRT or primary 
mental health diagnosis. Cognitive remediation studies in adult 
populations also reported mixed results which varied according 
to type of clinical symptoms (e.g., Cella et al. 2014; Gharaeipour 
and Scott 2012; Wykes et al. 2011).

With regards to social functioning, the effect size was not sig-
nificant, and no effect was observed according to the type of 
CRT or primary mental health diagnosis. However, these results 
must be interpreted with caution given that only six studies were 
included in the analyses. Previous meta-analyses have found 
that effects on functioning are stronger when CRT is paired with 
psychiatric rehabilitation, such as psychoeducation or supported 
employment programmes (Revell et  al.  2015; Vita et  al.  2021, 
2024; Wykes et al. 2011). In our review, only five studies (k = 5 
out of 11) included another treatment in addition to CRT, which 
may explain the lack of effect of CRT on social functioning, or 
mitigated results shown in the included studies. That being said, 
it is worth noting that studies incorporating an additional treat-
ment alongside CRT with a ‘drill, practice and strategy’ approach 
observed lower attrition rates in the CRT group compared to the 
control group. This may suggest that including a psychosocial 
rehabilitation component with a ‘drill, practice and strategy’ ap-
proach may improve participant retention in CRT groups.

The use of a ‘drill and practice’ approach in several studies 
may also explain the lack of observed effects on social func-
tioning. While such an approach may lead to cognitive im-
provements, it appears to have no advantage over the strategic 
approach regarding social functioning, as demonstrated in our 
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meta-analysis. As shown in other meta-analyses, its impact on 
functioning is generally more limited or less pronounced than 
a strategic approach, particularly when a strategic approach 
is offered alongside adjunctive rehabilitation (e.g., Wykes 
et al. 2011).

An interesting and complementary avenue for future CRT 
studies would be to include measures of individuals' func-
tional recovery goals. One such measure is Goal Attainment 
Scaling (GAS) (Kiresuk et al. 2014), which captures a person's 
goals and aspirations (Wykes et al. 2023). Such measures could 
make it possible to detect improvements or gains personalised 
to the participant themselves, that would not necessarily be 
detectable using standardised scales. Measures assessing ac-
ademic functioning may also be relevant for adolescent popu-
lations. For example, Kidd et al. (2014) used such a measure, 
which assessed six domains rated from 1 to 4: contributions, 
attitude, preparedness, focus on the task, professionalism and 
effort. The use of such measures could contribute to a clearer 
understanding of the tangible effects of CRT on adolescents' 
daily lives.

3.1   |   Clinical Considerations

A personalised and targeted cognitive remediation approach 
to cognitive impairments of participants might seem promis-
ing, as suggested by Medalia et al. (2018). However, a broader, 
top-down approach may also be relevant, particularly in a de-
velopmental context. A broad-based approach that focuses on 
strengths and goals while also addressing difficulties might 
offer a more comprehensive and effective strategy for promoting 
long-term improvements. A balanced approach that integrates 
both cognitive deficits and strengths could also help to promote 
greater engagement and motivation in personal and functional 
recovery (Allott et al. 2020).

Intrinsic motivation is also linked to larger improvements (Choi 
and Medalia  2010; Medalia et  al.  2018; R.-Mercier et  al.  2018; 
Saperstein and Medalia 2015). For instance, Holzer et al. (2014) 
found that participants with higher motivation showed higher 
improvements in their attention scores. According to these au-
thors, cognitive improvements may be enhanced by the partici-
pant's motivation during treatment.

The therapeutic alliance may also represent an important fac-
tor to consider, since clients who have a positive perception of 
their relationship with the therapist have been shown to ob-
serve more positive effects and stay in therapy longer (Cella 
and Wykes  2019; Huddy et  al.  2012). Moreover, according to 
an expert working group, the presence of a CRT therapist has 
been identified as a core feature of CRT for schizophrenia pop-
ulation (Bowie et al. 2020). Vita et al. (2021) even showed that 
interventions involving an active and trained therapist had a 
greater effect on cognition and functioning compared to those 
without such a therapist. In the present meta-analysis, the level 
of support provided to participants varied across studies, rang-
ing from no support to substantial support with an active ther-
apist. Four studies involved CRT sessions delivered without a 
therapist or with minimally active therapists. As such, this may 
have partly contributed to the results obtained, particularly, 

the lack of improvement in cognitive and social functioning 
outcomes.

In addition to the presence of a therapist, the expert working 
group identified three other techniques as core features of CRT: 
(1) the use of cognitive exercises (intensive drill and practice, in-
creasing in difficulty), (2) facilitation of cognitive and problem-
solving strategies (development of meta-cognitive skills) and (3) 
the use of techniques that allow transfer of cognitive gains to 
real world functioning (Bowie et  al.  2020). While these tech-
niques have been identified within the context of CRT studies in 
schizophrenia, they could still be relevant to consider in future 
studies with adolescent mental health populations with the goal 
of potentiating the effects of CRT. In the present meta-analysis, 
few studies use all four of these techniques, or at least, authors 
do not specify if they have done so. Indeed, few include strat-
egy learning as a core feature of their programme and, without 
a CRT therapist, it may be more difficult to identify or self-
generate useful strategies. Moreover, very few included studies 
reported using techniques to facilitate transfer of cognitive gains 
to real world functioning. Although some CRT programmes in-
cluded techniques that permit transfer of gains (e.g., Cognitive 
Remediation Therapy; Wykes and Reeder 2005), most authors 
did not explicitly report using any of these techniques in their 
papers. In fact, it was mentioned in only one study (Hasslinger, 
Bölte, et al. 2022). The absence of several of the core techniques 
of cognitive remediation in the included studies carried out with 
adolescent populations could partly explain the lack of benefi-
cial effects on cognition, social functioning and clinical symp-
toms in the current meta-analysis.

3.2   |   Methodological Considerations

The second objective of this systematic review, which aimed 
to assess the methodological quality of CRT studies involving 
adolescent populations, showed variable results, ranging from 
poor to good quality. Compared to previous reviews of CRT 
using CTAM (e.g., Tsapekos et al. 2020; Vita et al. 2021; Wykes 
et  al.  2011), the mean CTAM score in our review is slightly 
higher, with a narrower range of scores. Therefore, overall, the 
methodological quality of the studies included in our review is 
slightly better, although this varies across individual studies. 
Although there was no significant correlation between effect 
sizes and methodological quality, nearly half of the studies po-
tentially harbour a high risk of bias. Hence, it is advisable to ap-
proach the interpretation of the findings with caution.

While some quality standards were met by most studies (stan-
dardised assessments, description of the intervention and ap-
propriate statistical analyses), other important standards were 
not met (fidelity to protocol, blind assessments and sample size). 
Regarding sample sizes, although studies were randomised 
controlled trials, they were mostly feasibility studies, which ex-
plains the small sample sizes within studies. This reflects the 
extent to which the field of research with adolescent psychiatric 
populations is still in its nascent stage.

Finally, in addition to the methodological assessment carried 
out by the CTAM, it is important to note that several studies 
did not report certain information essential for understanding 
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the population studied or the scope of their results (e.g., infor-
mation on the intensity of treatment or the presence of comor-
bidities). Future studies should adhere to guidelines such as the 
CONSORT Statement (Boutron et al. 2017), which identify rele-
vant information to report.

3.3   |   Limitations

This systematic review and meta-analysis included a few stud-
ies with small sample sizes. Some analyses included only one or 
two studies. There was also considerable methodological hetero-
geneity between studies, particularly in the choice of cognitive 
tests. Therefore, it is essential to be cautious when interpreting 
and generalising these results.

4   |   Conclusion

Current studies show a small significant effect of CRT on 
cognition in adolescents with mental health disorders, with 
specific effects on processing speed, working memory and ep-
isodic memory. Non-significant effects were found for clinical 
symptoms and social functioning. Effects of CRT in adoles-
cent populations with mental health disorders should be fur-
ther investigated, particularly given the role of cognition in 
academic functioning (Alloway and Alloway 2010; Biederman 
et  al.  2004, 2006; Bull et  al.  2008; Mojtabai, Stuart, Hwang, 
Eaton, et al. 2015). However, some limitations have been high-
lighted in the studies included in the present meta-analysis, 
such as the lack of active therapist, no real-word transfer of 
cognitive gains, no blind assessments, small sample sizes and 
the absence of cognitive impairment as an inclusion criterion. 
Some of these limitations represent core features for CRT for 
the schizophrenia population as identified by an expert work-
ing group (Bowie et al. 2020). For future studies, we suggest 
considering the core factors identified by the expert group 
(Bowie et  al.  2020). Effects of CRT may also be potentiated 
with a personalised, strengths-based approach, addressing 
intrinsic motivation in addition to another treatment such 
as psychoeducation or adjunctive psychiatric rehabilitation. 
Previous studies found that young people with mental health 
disorders showed preference for psychoeducation, compensa-
tory strategies, sleep interventions, as well as interventions 
focusing on cognitive strengths (Bryce et  al.  2023, 2024). 
Finally, innovative measures should be considered, in terms 
of pertinence to the functional recovery objectives of the ado-
lescent population.
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