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General Summary

Background

Executive function is a cognitive domain important for daily life function. People with
schizophrenia spectrum disorders or with a risk of developing these disorders, often
experience challenges with executive function. The present study evaluates Goal Management
Training (GMT), a metacognitive strategy training specifically targeting executive function,
delivered in early detection and intervention for psychosis clinics. Evidence supporting this
type of cognitive remediation as an early intervention for psychosis is limited. Since this is the
first study of GMT for early psychosis, knowledge of who benefited the most was

investigated.

Methods

A randomized, controlled trial with masked raters was conducted at Innlandet Hospital
in Norway comparing the effects of GMT (N =81; GMT n = 39) to treatment as usual (TAU n
= 42), among people with early schizophrenia spectrum disorders or psychosis risk
syndromes. Outcomes were improved objective executive function (performance on
neuropsychological tasks) and subjective (self-reported) executive function from baseline (0
weeks), to after intervention (5 weeks) and follow-up (30 weeks/ six months). In addition,
effects on functional capacity, daily life function and clinical symptoms was explored.

The severity of objective executive dysfunction and the discrepancy between objective
and subjective executive function, were explored as potential obstacles to successful
remediation using GMT.

Symptoms of psychosis, depression, and self-efficacy were explored as potential
predictors of the discrepancy between subjective and objective executive function in

schizophrenia spectrum disorders.
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Results

GMT led to significant and clinically reliable improvement in self-reported executive
function for participants in everyday situations. Self-reported symptoms of anxiety and
depression significantly improved more after GMT than TAU. Objective executive function,
functional capacity and daily life function improved in both treatment groups.

GMT was equally effective in improving subjective executive function regardless of
performance on neuropsychological tasks at baseline. Participants with both subjective and
objective executive dysfunction, and participants with mostly subjective executive
complaints, experienced the largest improvement in subjective executive function after GMT.
Participants with mostly objective executive dysfunction showed little improved subjective
executive function after GMT.

In participants with a schizophrenia spectrum disorder, a pattern of mostly objective
executive function unaccompanied by subjective complaints was associated with having more

disorganized symptoms of psychosis, but also better self-efficacy.

Conclusions

The first trial of GMT in people recently diagnosed with schizophrenia spectrum
disorders or psychosis risk syndromes found clinically reliable improvement in subjective
executive function in everyday situations lasting at least six months after treatment. People
with schizophrenia who have more severe disorganized psychotic symptoms are more likely
to have a pattern of poor objective executive function, but few subjectively experienced
executive difficulties. This pattern of scores may be a challenge GMT, but more evidence is

needed to support this finding.
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Subjective and Objective Executive Function in People
With Early Schizophrenia or Psychosis Risk

Individuals with schizophrenia spectrum disorders or a risk of developing these
disorders frequently experience cognitive difficulties (Catalan, Salazar de Pablo, et al., 2021;
Green et al., 2019). Cognitive difficulties are associated with functional disability, worse
prognosis, and poorer quality of life in these patient groups (Cowman et al., 2021; Kadakia et
al., 2022; Kim et al., 2019; Seidman et al., 2016). Since successful remediation of daily life
function remains a challenge in the current treatment of schizophrenia, cognitive training has
become an important potential target of treatment (Castelein et al., 2021; Catalan, Richter, et
al., 2021; Ohi et al., 2020).

The executive functions, a set of higher order cognitive processes, are important for
daily life function in both people with schizophrenia and those with risk of psychosis
(McGurk & Mueser, 2006; Squarcina et al., 2022). The executive functions undergo final
development during the same age as psychotic illness is often diagnosed, in late adolescence
and early adulthood (Freedman & Brown, 2011). The study of executive function in early
schizophrenia is therefore especially important, because executive difficulties can exacerbate
challenges in meeting the increased demands adolescents and young adults face in education,
work, and independent living (Freedman & Brown, 2011; Shakoor et al., 2016; Zelazo, 2020).

The present study evaluates Goal Management Training (GMT), a metacognitive
strategy training specifically targeting executive function, as an early intervention in
psychosis. Even though the evidence of improved cognition after cognitive remediation
among individuals with schizophrenia is strong, less is known about cognitive remediation as
early intervention (Allott, van-der-El, et al., 2020; Glenthgj et al., 2017; Lejeune et al., 2021;
Vita et al., 2021). The potential for change might be greater among younger people who have

not yet experienced long-term effects of life with psychosis (Bowie et al., 2014; Deste et al.,



2019; Lewandowski, 2016). Thus, it is important to establish whether cognitive remediation
in early intervention can improve executive functioning during an important phase of life
when work, social, and family life begins to be established (Bellani et al., 2019; Glenthgj et
al., 2017; Zhang et al., 2022).

As this is the first GMT study in early schizophrenia, an exploration of who benefits
the most from the intervention is pertinent. Knowledge about those who are most likely to
benefit from cognitive remediation can improve the precision of personalized treatment and
help avoid experiences of treatment failure for patients, their families, and staff (Bowie et al.,
2020; Cella et al., 2015; Wykes & Spaulding, 2011). The identification of reliably replicated
moderators that influence the efficacy of cognitive remediation in schizophrenia has been
challenging due to heterogeneity across studies in sample characteristics and intervention type
(Seccomandi et al., 2020). Few studies have been done on the moderators of treatment
outcomes in remediation studies aimed at young people with early schizophrenia, even fewer
in psychosis risk (Glenthgj et al., 2017; Vita et al., 2021).

Severe difficulties with executive components such as attentional control or working
memory interfering fundamentally with strategy learning, may limit the effect of GMT
(Cicerone et al., 2019; Emmanouel et al., 2018). Even though cognitive remediation in
schizophrenia appears to be most effective for individuals with more severe cognitive
difficulties, studies report contradictory findings, and few have executive functioning as the
key outcome (Vita et al., 2021).

Another potential obstacle to GMT efficacy this study investigates, is the discrepancy
between self-reported (subjective) executive function and neuropsychological task
performance (objective executive function) (Cella et al., 2014; Medalia et al., 2008; Twamley
et al., 2011). Since subjective cognitive complaints are associated with self-reported

depression and lower self-esteem, high levels of subjective complaints may imply negative



thought patterns, which might interfere with treatment engagement (Allott, Steele, et al.,
2020; Beck et al., 2018). On the other hand, few subjective complaints coupled with poorer
test results may indicate inaccurate self-assessment of cognitive difficulties, which could also
negatively influence participants’ engagement with treatment (Harvey & Pinkham, 2015). The
existing evidence that discrepancy between subjective and objective cognition is an obstacle
for successful remediation is sparse and contradictory (Saperstein et al., 2020; Seccomandi et
al., 2020).

In addition, what characterizes individuals with schizophrenia with larger
discrepancies between subjective and objective cognition in either direction is not fully
understood. In particular, psychological variables have seldom been investigated (Cella et al.,
2014). One potentially relevant psychological variable is self-efficacy. Self-efficacy
represents an individual’s belief in their capacity to perform the actions necessary to achieve a
goal. It is emerging as a potential mediator of the relationship between cognition, negative
symptoms, and real-world function in schizophrenia (Beck et al., 2018; Chang et al., 2017).
Thus, differing levels of self-efficacy may help to explain why some individuals with
schizophrenia experience few cognitive difficulties in everyday life, but perform poorly when
solving neuropsychological tasks in the lab. Several studies have investigated symptoms of
psychosis as predictors of the discrepancy between subjective and objective cognition, but the
results have been contradictory (Homayoun et al., 2011). Most previous studies have focused
on positive and negative symptoms, but there are some indications that disorganized and
depressive symptoms may be more strongly associated with discrepancy (Baliga et al., 2020;
Harvey et al., 2017). A five-factor model of psychotic symptoms including positive, negative,
depressive, disorganized, and excited symptoms may improve the prediction of discrepancy

between subjective and objective cognition (Wallwork et al., 2012).



Together, the papers in this doctoral thesis expand the understanding of executive
function in people recently diagnosed with schizophrenia spectrum disorders or psychosis risk
syndromes. The papers provide a thorough description of self-reported behavioral symptoms
of executive difficulties, performance on neuropsychological tasks, and measures of
functional capacity. The thesis evaluates the results of a pre-registered, randomized,
controlled trial (RCT) of stand-alone GMT for people with schizophrenia spectrum disorders
and psychosis risk syndromes (Paper II). Moreover, baseline objective executive function and
discrepancy between subjective and objective executive function are explored as moderators
of GMT efficacy (Paper III). Furthermore, self-efficacy and symptoms of psychosis are
examined as predictors of the discrepancy between subjective and objective executive
function in schizophrenia (Paper I).

The remainder of this introduction will offer a brief overview of schizophrenia
spectrum disorders and psychosis risk syndromes. Following that, an outline of current
knowledge about executive function in early schizophrenia and risk will be presented. Certain
challenges to the assessment of executive function are highlighted. Finally, GMT is presented
in the context of existing knowledge about cognitive remediation in schizophrenia and the

unanswered questions addressed by the thesis are summarized.

Schizophrenia Spectrum Disorders and Psychosis Risk Syndromes

Taxonomy

Schizophrenia Spectrum Disorders. The term “schizophrenia spectrum disorders” is
meant as a broad term encompassing the mental disorders schizophrenia, schizoaffective
disorder, and other non-affective psychotic disorders, but it does not include affective
psychosis or psychosis due to substance abuse (Andreasen, 1989; Spaulding et al., 2017).

Schizophrenia spectrum disorders are primarily characterized by psychotic symptoms such as



hallucinations or delusions, but may also include experiences of disorganized thought, speech,
and behavior, as well as disturbances of affect, motor functions, and willed actions
(Fiedorowicz et al., 2008; McKenna, 2007). Schizophrenia spectrum disorders are frequently
diagnosed in late adolescence or early adulthood, but psychotic symptoms vary in expression
and severity between individuals and over time (McKenna, 2007). Cognitive difficulties and
anomalous self-experiences are not reflected in the current diagnostic criteria for
schizophrenia spectrum disorders, but both are frequently present and begin before the debut
of psychotic symptoms (Burgin et al., 2022; Catalan, Salazar de Pablo, et al., 2021; Green et
al., 2019). The disorders are often also accompanied by other distressing symptoms, such as
co-morbid substance use, anxiety, mood disturbances, and sleep disturbances (Buckley et al.,
2009; Krebs et al., 2021; Laskemoen et al., 2019).

The term schizophrenia has been shrouded in controversy for over a century, and
debates continue over the validity, labelling, and boundaries of the diagnoses in the
schizophrenia spectrum (Guloksuz & van Os, 2018; Ritsner & Gottesman, 2011; van Os,
2009). To allow for comparison with other studies, the present study used the diagnostic
criteria according to the Diagnostic and Statistical Manual of Mental Disorders, DSM-IV
(American Psychiatric Association, 2000). Despite much valid criticism, diagnostic categories
have the advantage of supplying widely used operational definitions for clinical research
(Harvey et al., 2012). When used for diagnosis by mental health professionals, the DSM-IV
diagnosis of schizophrenia has good inter-rater reliability, whereas schizoaffective disorder
has moderate inter-rater reliability (Harvey et al., 2012; Santelmann et al., 2016). Diagnostic
stability in the schizophrenia spectrum disorders is high, though an initial diagnosis of
psychosis not otherwise specified is sometimes changed into a diagnosis of schizophrenia

over time (Fusar-Poli et al., 2016).



Psychosis Risk Syndromes. Psychosis risk syndromes are characterized by psychotic
symptoms that are either less severe or of shorter duration than the symptoms that qualify for
a diagnosis of a psychotic episode (Miller et al., 1999; Yung et al., 1998). Psychosis risk
syndromes also include other well-known risk factors for developing psychosis, such as
having a first-order genetic relative with a schizophrenia spectrum disorder combined with a
recent dramatic fall in role-function (e.g., a drop in scholastic or social participation; Miller et
al., 1999; Yung et al., 1998). Individuals with a psychosis risk syndrome are at higher risk of
developing schizophrenia spectrum disorders than is the general population. According to the
latest meta-analysis of longitudinal studies, 25% of study participants with psychosis risk
syndromes experience a psychotic episode within three years and 35% within ten years
(Salazar de Pablo, Radua, et al., 2021). Cognitive difficulties are common among people with
psychosis risk syndromes (Catalan, Salazar de Pablo, et al., 2021). Persons with psychosis
risk syndromes also exhibit poorer role function, for example at school or work, as compared
to healthy controls (Fusar-Poli et al., 2015). Thus, the at-risk state itself may be considered a

disorder in need of treatment (Fusar-Poli et al., 2015).

Epidemiology

An estimated 0.75% of people in the world experience a psychotic episode in the
schizophrenia spectrum during their lifetime (Moreno-Kustner et al., 2018). Schizophrenia
currently affects approximately 23.6 million people in the world: 0.32% of the global
population (Institute of Health Metrics and Evaluation, 2019). In recent years, sex differences
in prevalence of schizophrenia have not been consistently detected globally (Charlson et al.,
2018). The latest global estimates show a point prevalence of 0.34% for men and 0.30% for
women across all ages. However, men often become diagnosed at a younger age than women,
making schizophrenia more prevalent among men in late adolescence and early adulthood

(Institute of Health Metrics and Evaluation, 2019). The prevalence of schizophrenia spectrum



disorders is harder to calculate than for schizophrenia, due to heterogeneity in epidemiological
studies, but meta-analyses estimates a global point-prevalence of 0.46% (Moreno-Kustner et
al., 2018). Psychosis risk has been detected in approximately 1.7% of the general population

(Salazar de Pablo, Woods, et al., 2021).

Etiology

Current etiological theories for schizophrenia spectrum disorders emphasize the
interaction of vulnerabilities and stressors at the biological, psychological, and social level.
On the biological level, the cardio metabolic, immune, endocrinal, and central nervous
systems all show alterations in persons with first episode psychosis, but pathophysiological
mechanisms remain elusive (Pillinger et al., 2019). Current evidence supports risk factors for
schizophrenia including genetic vulnerability, prenatal exposures, obstetric complications,
childhood trauma, urban living, migration, discrimination, and low socio-economic status
(Brown & Lau, 2016; Davies et al., 2020; Radua et al., 2018; Varchmin et al., 2021).
Heritability estimates are high — in some large twin-studies, as high as 79% for
schizophrenia and 73% for schizophrenia spectrum disorders (Hilker et al., 2018; Sullivan et
al., 2003). Still, schizophrenia spectrum disorders are complex and involve many genes
making many small contributions to interactions with environmental factors. The available
evidence supports genetic variants involved in disturbances of neuronal transmission,

neurodevelopment, and the immune system (Smeland et al., 2020).

Debilitation: Burden of Disease

Despite low prevalence, the burden of disease from schizophrenia spectrum disorders
is substantial for the affected individuals, their families, and society. Schizophrenia causes an
estimated 15.1 million years of life with lived disability globally (Institute of Health Metrics
and Evaluation, 2019). The economic cost of treatment and loss of productivity is among the

highest of all health conditions, ranking alongside cancer and heart disease in the Western
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world (Spaulding et al., 2017). One of the reasons for the high societal cost may be that
disability is largest in the age group 25-54 years, most likely to be financially productive
(Charlson et al., 2018). Disability is present before the emergence of psychotic episodes, and
at-risk states are associated with pronounced suffering (Falkenberg et al., 2015; Fusar-Poli et
al., 2015). School failures and unemployment occur more often among persons with psychosis
risk and among those who have recently been diagnosed with schizophrenia, as compared to
healthy controls (Cornblatt et al., 2003; Crespo-Facorro et al., 2021). Quality of life is also
poorer than among healthy young people (Fusar-Poli et al., 2015; Velthorst et al., 2018).

The life expectancy of individuals with schizophrenia spectrum disorders is 15—
20 years shorter than that of the general population (Correll et al., 2022; Spaulding et al.,
2017). Higher mortality is mostly due to high co-morbidity with physiological diseases,
whereas unnatural causes such as suicide account for around 15% of the excess mortality rate

in schizophrenia (Charlson et al., 2018).

Treatment

Psychiatric rehabilitation of schizophrenia spectrum disorders is interdisciplinary
(Spaulding et al., 2017). The guidelines for evidence-based treatment recommend a
combination of pharmacological and psychotherapeutic treatment for the management of
symptoms, skills training, and support for independent living and vocation, as well as family
interventions for stress reduction and relapse prevention (American Psychiatric Association,
2021b; Norwegian Health Authority, 2013). Cognitive remediation is rarely systematically
provided as part of standard care, despite evidence that it improves daily life function (Bryce
et al., 2021). For young people experiencing a first episode of psychosis, specialized early-
intervention services that integrate pharmacological and psychosocial treatments carry the
greatest benefits (Anderson et al., 2018; Correll et al., 2018; Pipkin, 2020). For psychosis risk

syndromes, the recommended treatment resembles psychosis treatment, but does not include



anti-psychotic drugs (National Institute for Health and Care Excellence, 2013; Norwegian
Health Authority, 2013). Presently, support is insufficient for specific treatments that prevent
conversion to psychosis (Bosnjak Kuharic et al., 2019; Mei et al., 2021). However, early-
discovery leads to shorter duration of untreated psychosis. Reducing the duration of untreated
psychosis improves prognoses and lowers hospitalization rates (Fusar-Poli et al., 2019; Mei et
al., 2021; Penttila et al., 2014; Sizer et al., 2022).

More than half of patients with schizophrenia spectrum disorders experience either
symptomatic remission, personal recovery, or functional recovery after a first-episode
psychosis (Catalan, Richter, et al., 2021; Peralta et al., 2022). However, simultaneous
personal, clinical, and functional recovery has been more difficult to achieve. Joint clinical
and functional recovery occurs in about a third of patients (Catalan, Richter, et al., 2021).
Even among those who experience stable clinical and personal recovery and good general
social function, the areas of study, work, and housekeeping remain challenging (Castelein et
al., 2021). Presently, sufficient evidence is lacking for treatment to improve function among
people with a risk of psychosis, as few studies have been conducted so far (Fusar-Poli et al.,
2019; Mei et al., 2021). Note, however, that the criteria for functional recovery has also been
criticized for being too strict, as nearly one in five healthy controls fail to meet the criteria
(Asbg et al., 2022). Nonetheless, the challenges to improving function have led to research

interest in cognition and cognitive remediation.

Cognitive Difficulties Among People With Schizophrenia

General Cognition

Cognitive difficulties frequently occur together with schizophrenia (Green et al.,
2019). On average, people with schizophrenia spectrum disorders score one standard

deviation lower than healthy people on neuropsychological measures across most cognitive



domains (East-Richard et al., 2020; Fioravanti et al., 2012; Mesholam-Gately et al., 2009;
Sheffield et al., 2018). There is much individual variation, however. Around 44% of
participants with schizophrenia show a severe global cognitive dysfunction, scoring up to
three standard deviations lower than healthy controls on most measures (Carruthers et al.,
2019). Approximately 25% of the participants across studies show relatively intact cognition,
characterized only by mild dysfunction compared to healthy controls (Carruthers et al., 2019).
The remaining third of participants show intermediate performance on neuropsychological
tests. The magnitude of cognitive impairment in schizophrenia spectrum disorders has been
questioned because lack of motivation and negative symptoms may lower performance on
neuropsychological tests (Grant et al., 2019). However, people with schizophrenia also
consistently report significantly more subjective cognitive complaints than do healthy controls
(Potvin et al., 2014).

The cognitive difficulties observed in people with schizophrenia spectrum disorders
are already present before the development of psychotic symptoms and have been observed in
early childhood among people who later develop the disorders (Fett et al., 2022; Mollon et al.,
2018). Recent reviews of meta-analyses and longitudinal studies of cognition in psychosis
show an overall increase in impairment, as compared to healthy development from childhood
to the first episode of psychosis (Fett et al., 2022; Sheffield et al., 2018). The course of
cognition appears to be characterized by greater stability after the first episode of psychosis
(Fett et al., 2022).

The severity of cognitive difficulties in persons with psychosis risk falls between that
observed in first-episode psychosis and healthy controls (Catalan, Salazar de Pablo, et al.,
2021; Hauser et al., 2017; Mohn-Haugen et al., 2022; Zheng et al., 2018). Poorer cognitive
performance predicts conversion to psychosis from psychosis risk syndromes (Catalan,

Salazar de Pablo, et al., 2021; Seidman et al., 2016). Individuals with higher familial risk or
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more attenuated psychotic symptoms have greater cognitive difficulties (Sheffield et al.,
2018). Thus, the intermediate level of severity of cognitive difficulties in psychosis risk
syndromes may partially reflect the group’s composition of both individuals who do later
experience psychosis and individuals who do not (Sheffield et al., 2018). People with
psychosis risk syndromes who do not develop psychosis tend to score poorer than do healthy
people on cognitive tasks, but on a level similar to that of help-seeking youth with other
mental health challenges than psychosis (Millman et al., 2022).

It is not known whether the cooccurrence of cognitive dysfunction and schizophrenia
spectrum disorders expresses a causal relationship (Grant et al., 2019; Melle, 2019;
Reichenberg et al., 2019). Increasing developmental lags in cognition in youth who later
develop schizophrenia spectrum disorders suggest that cognition is a marker of illness,
reflecting a shared underlying neurodevelopmental etiology (Melle, 2019; Mohn-Haugen et
al., 2022; Sheffield et al., 2018). Nevertheless, the possibility remains that a fall in function
warranting contact with the health services mostly occurs among those people with both
psychotic symptoms and cognitive dysfunction, but that these two phenomena are actually
unrelated (Reichenberg et al., 2019).

Importantly, cognition is significantly associated with daily life function in cross-
sectional and longitudinal studies of early psychosis (Cowman et al., 2021). In people with
schizophrenia, moderate to severe cognitive difficulties increases the risk of hospitalization,
poorer physical health, and even premature death (Helldin et al., 2015; Kadakia et al., 2022;
Moradi et al., 2018). Unlike psychotic symptoms, cognition does not improve during periods
of remission and improves only modestly with second generation antipsychotic medications
(Ohi et al., 2020). Poorer cognition also predicts poorer quality of life in persons with

schizophrenia spectrum disorders or risk of psychosis (Kadakia et al., 2022; Kim et al., 2019).
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Thus, effective interventions aimed at cognition in early psychosis are necessary to ameliorate

cognitive function and potentially improve prognosis (Cowman et al., 2021; Melle, 2019).

Executive Function

Conceptions of Executive Function. Executive function is an umbrella term for the
higher-order mental cognitions necessary for top-down control of thought, emotion, and
action to ensure goal achievement (Snyder et al., 2015). Executive functions allow humans to
plan, organize, and initiate activities. During activities, executive functions are responsible for
self-monitoring, resisting distraction, and keeping the relevant goal in working memory.
Executive functions also ensure adaptation to changing demands in the surroundings and
effective problem solving during the activities.

There is no consensus on a precise definition of executive function, because
historically several theoretical models and strands of research have existed in parallel and
have used varying terminology (Kluwe-Schiavon et al., 2013; Zink et al., 2021). In the field
of neuroscience the term “cognitive control” is often preferred to “executive function,” but the
two terms conceptually overlap (Husain, 2021). Examples of influential theoretical work on
executive function include Duncan’s observations of apparent goal neglect after frontal lobe
damage (Duncan, 1986; Duncan et al., 1996) and the concept of the central executive
allocating memory resources in Baddeley’s multicomponent working-memory model
(Baddeley, 2012; Baddeley & Hitch, 1974). Another influential model is the supervisory
attentional system proposed by Norman, Shallice, and Burgess which supposes that executive
functions are required to override habits (Norman & Shallice, 1980; Shallice & Burgess,
1991). Despite variations in the operationalization of executive function, all models share a
notion of cognitive control functions necessary to adapt to the demands of complex and

changing environments (Friedman & Robbins, 2022; Zink et al., 2021).
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The most extensively studied mental processes that fall under the umbrella term of
“executive function” are inhibition, shifting, and updating of working memory (Friedman &
Robbins, 2022). Inhibition is the ability to hold back an automated response when required.
Shifting (sometimes referred to as set switching or mental flexibility), is the process of
relinquishing attention from one task and engaging in another. Working memory is the
capacity to hold on to information for a brief period while using that information to perform
mental operations. While working memory capacity is not considered an executive function, it
is believed that executive control is involved in the process of releasing no longer important
content from working memory and replacing it with more relevant information (Miyake et al.,
2000). In addition to these three most studied processes, executive function includes
attentional control, self-monitoring, fluency, planning, reasoning, decision making, and
problem solving (Diamond, 2013; Friedman & Robbins, 2022).

Executive Function in Schizophrenia Spectrum Disorders and Psychosis Risk
Syndromes. The evidence is mounting that executive dysfunction is present in mental
disorders arising in childhood and adolescence, raising the question of common
transdiagnostic mechanisms in psychopathology involving the prefrontal cortex (East-Richard
et al., 2020; Friedman & Robbins, 2022; Snyder et al., 2019). One reason executive
difficulties are pervasive in psychopathology may be that the executive functions are higher
order functions, supported by large, dispersed networks in several brain regions (Zelazo,
2020). A disruption anywhere in the supporting functions could lead to failure in executive
functioning (Harvey, 2019). It has been suggested that difficulties with aspects of cognitive
control such as inhibition and shifting are responsible for difficulties in goal-directed behavior
among people with schizophrenia (Smucny et al., 2022). Because effective executive function

is beneficial for many different cognitive tasks, it has been suggested that the executive
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functions should be the focus of cognitive remediation among people with schizophrenia
(Wykes & Reeder, 2005).

Executive dysfunction is considered a core feature of schizophrenia spectrum
disorders, as it is among the most severely impaired cognitive domains (East-Richard et al.,
2020; Freedman & Brown, 2011; Snyder et al., 2015). Even people with schizophrenia who
otherwise show little to no overall cognitive dysfunction often score poorer on executive tests
compared to healthy controls (Carruthers et al., 2019). In particular, people with
schizophrenia score lower than healthy controls on neuropsychological tasks of inhibition,
shifting, working memory, and attentional control (Fatouros-Bergman et al., 2014; Forbes et
al., 2009; Laere et al., 2018; Nuechterlein et al., 2015; Westerhausen et al., 2011). They also
score lower than healthy controls on complex ecological tasks measuring inhibition of pre-
learned behavior, organizing and planning, novel problem solving, and forward planning
(Thai et al., 2019). Furthermore, persons with schizophrenia report more subjectively
experienced difficulties across domains of executive function including inhibition, shifting,
working memory, the initiation and organizing of activities, self-monitoring, task-monitoring,
emotion regulation, and organization of materials (Bulzacka et al., 2013; Van Aken et al.,
2022).

Relative to healthy controls, individuals with psychosis risk underperform on tests and
parental reports of executive functioning (Catalan, Salazar de Pablo, et al., 2021; Hwang et
al., 2019; Niendam et al., 2007; Sheffield et al., 2018). In the latest, most comprehensive
meta-analysis of longitudinal studies of cognition in people with psychosis risk, those who
later developed psychosis scored similar to people with a first episode of psychosis in tasks of
inhibition, attentional control, and shifting (Catalan, Salazar de Pablo, et al., 2021).

The executive difficulties seen in schizophrenia are considered a separate dysfunction

and not an expression of psychotic symptoms (Pijnenborg et al., 2003). However, there is
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some indication of a shared relationship. Poorer performance on tasks of executive function is
associated with more negative and disorganized symptoms among people with schizophrenia
who are in stable clinical phases (Dibben et al., 2009). The associations are in the range of
small to moderate. It is possible that executive difficulties contribute to disorganized
symptoms, but evidence is currently tentative (Smucny et al., 2022). The positive symptoms
of psychosis are unrelated to executive performance (Dibben et al., 2009).

Importantly, executive functioning is associated with vital life outcomes such as
everyday function, education, and work (Diamond, 2013). Lower scores on measures of
executive function predict poorer functioning, greater need for vocational support, and lower
life satisfaction in schizophrenia spectrum disorders and psychosis risk syndromes (Cowman
et al., 2021; Eslami et al., 2011; Fujii et al., 2004; McGurk & Mueser, 2006; Squarcina et al.,
2022). Executive functions are still developing in adolescence and early adulthood when a
first episode of psychosis is typically diagnosed (Freedman & Brown, 2011; Zelazo, 2020).
Increasing independence and less reliance on the guidance of parents and teachers is expected
of young people at this age. Executive difficulties among adolescents or young adults at risk
of psychosis may exacerbate challenges in meeting the increased expectations of self-
organization at home, in school, or in social situations. A bidirectional interplay between
difficulties in executive function and psychopathology has been suggested (Romer &
Pizzagalli, 2021; Zelazo, 2020). Failing to meet expectations from parents, peers, or teachers
could cause stress and raise the risk of psychotic symptoms (Freedman & Brown, 2011;
Shakoor et al., 2016). As a consequence, interventions aimed at executive function may be
particularly important for people with early schizophrenia or psychosis risk (Carruthers et al.,

2019; Melle, 2019).
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Challenges in Measuring Executive Function

A criticism of research on executive function in schizophrenia has been that many
studies use a single task to measure what is a very complex cognitive domain (Hwang et al.,
2019). Executive functioning is both one integrated process and separate component
processes (e.g. inhibition, shifting and updating of working memory; Friedman & Robbins,
2022). Available evidence from studies of laboratory tasks, lesions, and neuroimaging in
humans, as well as animal studies, support both the fractionation and integration of cognitive
control processes within the pre-frontal cortex (Collette et al., 2005; Friedman & Miyake,
2017; Friedman & Robbins, 2022; Niendam et al., 2012). Factor analyses and network
analyses of tasks targeting different executive processes indicate that executive processes such
as inhibition, shifting, and updating of working memory appear to be separate and associated
in people with schizophrenia and healthy controls (Berberian et al., 2019; Miyake et al., 2000;
Sanchez-Torres et al., 2022). As a result of the integration and fractionation of executive
components, researching executive function necessitates the analysis of several task measures,
both alone and in combination (Hwang et al., 2019).

Furthermore, executive function may be assessed with both subjective (self-reported
questionnaires) and objective measures (neuropsychological tests). However, discrepancies
between the results of subjective and objective assessments of executive function are often
found in both healthy and clinical samples (Toplak et al., 2013). One valuable contribution of
objective measures is that they limit the influence of confounding factors through control over
the test situation (Harvey, 2012). Consequently, the lab setting provides too much structure to
assess the complexity of the interacting components of executive function required in
everyday life (Sbordone, 2014). Subjective measures, on the other hand, tap into complex
everyday situations, but are more easily influenced by confounding emotional states (Shwartz

et al., 2020). One way of countering these challenges is to include both subjective and
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objective measures in studies, as both are useful and complementary (Friedman & Banich,
2019; Isquith et al., 2013).

Moreover, the assessment of executive function may be improved by including
naturalistic role playing tasks mimicking complex real-world situations (Burgess et al., 2006;
Snyder et al., 2015; Tyburski et al., 2021). Role playing tasks attempt to capture performance
resulting from interacting executive functions by measuring performance in situations that are
less structured and more similar to real-world situations. One example of a complex role
playing task is the Hotel task, a form of multiple-errands task measuring how well participants

allocate time between different tasks according to an overarching goal (Manly et al., 2002).

Discrepancy between Subjective and Objective Cognition

A further challenge in assessing executive function is that in studies of cognition in
schizophrenia, the difference between subjective and objective assessment has been found
greater than in healthy samples (Medalia et al., 2008; Potvin et al., 2014). Even though
persons with schizophrenia have more subjective cognitive complaints, on average, than
healthy controls, a substantial portion report fewer subjective cognitive complaints than
would be expected from their performance on lab tasks (Harvey & Pinkham, 2015; Potvin et
al., 2014). Less is known about discrepancy between subjective and objective cognition in
psychosis risk syndromes, but one study found a tendency towards reporting more severe
subjective complaints than was expected based on the objective test performance (Glenthgj et
al., 2020).

The discrepancy between subjective and objective assessment of executive function in
psychosis remains largely unexplored, as most studies have focused on general cognition and
used few tests and questionnaire items specifically to assess the executive domain (Freedman

& Brown, 2011; Potvin et al., 2014).
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The discrepancy between subjective and objective cognition in schizophrenia has been
assumed to be due to biases in the self-reporting (Harvey & Pinkham, 2015; Homayoun et al.,
2011). Subjective cognitive complaints that are lower than would be expected from task
performance in individuals with schizophrenia, has often been interpreted as a lack of insight
into cognitive difficulties (Burton et al., 2016). Higher subjective cognitive complaints than
expected based on task performance has been assumed to be due to negative emotional states
influencing questionnaire responses (Raffard et al., 2020). The importance of subjective
measures of cognition may have been underestimated due to the emphasis on biases in self-
reporting. People with schizophrenia reliably report greater executive and other cognitive
difficulties than healthy controls, showing that self-reports in many cases are valid sources of
information (Bulzacka et al., 2013; Potvin et al., 2014; Van Aken et al., 2022).

The associations between psychotic symptoms and the discrepancy between subjective
and objective cognition in schizophrenia have varied between studies (Homayoun et al., 2011;
Potvin et al., 2014). One reason for the varied results may be that studies have included
mainly positive and negative symptoms. A five factor grouping of psychotic symptoms might
improve the prediction of discrepancy, since disorganized symptoms share a stronger
relationship with cognition than positive symptoms do (Rodriguez-Jimenez et al., 2013;
Ventura et al., 2010). The five factor grouping of symptoms also allows for depression to be
distinguished. Depressive symptoms have been associated with more subjective cognitive
complaints in schizophrenia (Raffard et al., 2020; Sellwood et al., 2013).

Furthermore, psychological mechanisms such as self-efficacy might be relevant to the
relationship between subjective and objective cognition, but have rarely been investigated
(Cella et al., 2014). Self-efficacy represents the belief in one’s capability to manifest the
behaviors needed to produce a desired outcome (Bandura, 1977). People with higher self-

efficacy are more motivated for tasks, set more difficult goals, exert more effort, and are more
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persistent in the face of difficulty. In contrast, people low in self-efficacy make fewer
attempts and give up more easily (Bandura, 1977; Bandura, 2011). Self-efficacy is an
important mediator in the relationship between cognition, negative symptoms, and real-world
functioning in schizophrenia (Allott, Steele, et al., 2020; Ventura et al., 2014). Thus, the
predictive value of self-efficacy in explaining the gap between subjective and objective
executive function should be assessed.

Both directions of discrepancy correspond to adverse outcomes in schizophrenia.
More objective than subjective cognitive dysfunction has been associated with poorer
independent living skills (Gould et al., 2015; Silberstein & Harvey, 2019). Prevalent
subjective cognitive complaints, on the other hand, are associated with self-stigma and poorer
quality of life (Shin et al., 2016). In consequence, the discrepancy can be problematic for
patients and clinicians as they decide on the best treatment and support. Clinicians must
navigate situations in which patients with impaired performance on objective tests may lose
the opportunity for necessary services because they do not communicate a subjective need for
them (Olsson et al., 2019). Alternatively, clinicians may be uncertain whether interventions
are relevant for people with subjective cognitive complaints that are not corroborated by

objective test results.

Cognitive Remediation

Cognition has emerged as an important target in research on the treatment of
schizophrenia spectrum disorders, due to the association between cognition and daily life
function (Harvey et al., 2019; Javitt, 2015). Neither cognition, nor daily life function is
sufficiently improved by mainstay treatment for psychosis (Javitt, 2015). One way to improve
cognition is through cognitive remediation. Cognitive remediation is “behavioral training-

based intervention that aims to improve cognitive processes with the goal of durability and
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generalization” (Bowie et al., 2020). Several forms of cognitive remediation interventions
have been investigated for people with schizophrenia. Some emphasize the bottom-up training
of lower-level processes such as perceptual processing, whereas others target top-down
processes such as higher-level memory or executive processes (Nuechterlein et al., 2014).
Cognitive remediation can take the form of repeated drill and practice training thought to
restore cognitive function through brain plasticity or compensatory strategy training thought
to work around challenges by relying instead on intact cognitive functions or the utilization of
environmental aids (Saperstein & Kurtz, 2013).

A large body of research affirms the effectiveness of cognitive drill and practice
training in improving performance on lab tasks (Lejeune et al., 2021; Seccomandi et al., 2020;
Vita et al., 2021). A challenge for drill and practice training has been that functional gains in
daily life were initially modest. However, the effect on daily life function has been shown to
improve with the addition of bridging groups and strategy training (Bowie et al., 2020;
Lejeune et al., 2021; Vita et al., 2021). Bridging groups with peers and therapists attempt to
bridge training and daily life through discussions of how to apply the trained skills in practice.
Strategy training often involves the use of active therapists to assist in the structured
development of mental strategies to resolve training tasks. Based on the available evidence,
experts in cognitive remediation for people with schizophrenia recently agreed on four core
elements of cognitive remediation: Repeated practice of cognitive exercises, the presence of
an active therapist, the structured development of cognitive strategies, and procedures to
facilitate the transfer of skills from training to real world functioning (Bowie et al., 2020).

There is evidence for durably improved function in daily life for people with
schizophrenia spectrum disorders after compensatory interventions (Allott, van-der-El, et al.,
2020). Compensatory interventions include self-management strategies such as self-talk or

chunking information to aid memory. In addition, compensatory interventions can involve
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environmental modifications such as labeling objects, using automatic reminders, and
calendars (Allott, van-der-El, et al., 2020). The existing cognitive remediation interventions
for people with schizophrenia vary in their relative combination of restorative and
compensatory approaches (Medalia & Saperstein, 2013).

Although cognitive remediation for schizophrenia primarily targets cognitive function,
and ultimately real world function, small significant improvements have also been seen in
clinical symptoms (Vita et al., 2021). The small to moderate effects on negative symptoms
across studies is especially promising, as these symptoms have been difficult to treat among
people with schizophrenia (Cella et al., 2017).

As an early intervention in psychosis, cognitive remediation is compelling because it
might counteract the detrimental consequences of psychotic illness in late adolescence
(Barlati et al., 2013; Bechdolf et al., 2012). Cognitive remediation has shown promising
effects on objective cognition lasting up to a year in adolescents with early-onset
schizophrenia spectrum disorders (Ueland & Rund, 2005). It is possible that remediation will
be more effective in younger individuals who have not experienced as many disruptions to
daily life as a consequence of illness (Bowie et al., 2014; Deste et al., 2019). So far, meta-
analyses of cognitive remediation studies indicate that the larges effect sizes have been found
among participants who are older and have been ill for longer (Revell et al., 2015; Vita et al.,
2021). However, these results could stem from the fact that most cognitive remediation trials
have had adult participants in mid-life, with fewer studies being done among adolescents or
young adults (Gergov et al., 2022; Vita et al., 2021). Thus, more studies of cognitive
remediation as an early intervention for psychosis are needed.

Research on cognitive remediation for individuals with psychosis risk is emergent.
There is some indication that cognitive remediation may prevent the development of

psychosis among at-risk participants (Bechdolf et al., 2012). However, cognitive remediation

21



requires rigorous investigation in large scale, high quality trials to compare the effects to
treatment as usual among people with psychosis risk syndromes. So far, insufficient evidence
exists for the effectiveness of drill and practice training in improving cognition and function
in psychosis risk (Devoe et al., 2019; Glenthgj et al., 2017). However, many of the early trials
had small sample sizes and investigated isolated computerized training without the core
elements of cognitive remediation, such as active therapists, strategy coaching, or procedures
for transfer to everyday life (Glenthgj et al., 2017). At present, several RCTs with sufficient
sample sizes are underway that integrate drill and practice training with cognitive strategy
training or social cognitive training, and the results are promising (Friedman-Yakoobian et al.,
2020; Mahmood et al., 2019; Vidarsdottir et al., 2019).

Since executive function is a substantially impaired cognitive domain in early
psychosis and is vital for real world function, effective intervention has significant potential
for improving daily life in this patient group (Cowman et al., 2021; East-Richard et al., 2020;
Eslami et al., 2011; Squarcina et al., 2022). There is also evidence that change in executive
function is required to improve daily life function as a result of cognitive remediation
(Penadés et al., 2009; Reeder et al., 2004). Metacognitive strategies are recommended for
executive dysfunction precisely because these interventions are more likely to address the
complexity of interacting higher order cognitive functions activated in novel and demanding
real-world situations (Cicerone et al., 2019). Though several existing cognitive remediation
programs for psychosis include mental strategies, these strategies often target specific tasks or
situations. Metacognitive strategy training uses a more global approach.! A metacognitive
strategy is a recipe for how to think, sometimes in the form of a collection of mental steps.

For example, mental steps in the GMT strategy include the following: Stop — Focus on the

1 Metacognitive strategy training is distinguishable from metacognitive therapy which focuses on thought
content such as worry and rumination. It is also distinguishable from metacognitive training which is directed
at cognitive biases. The treatment forms are related in that all encourage the metacognitive capacity to
observe mental processes.
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present goal — State goal aloud — (Split goal into subgoals when required) — Check that goal is
active in working memory and that current actions support goal achievement. Metacognitive
strategy training may have widespread application in that the same technique may be used
across any number of everyday situations. During metacognitive strategy training, thinking
processes are made explicit for participants, creating awareness of errors and increasing self-
monitoring of performance.

Few cognitive remediation studies have targeted executive functioning using
metacognitive strategy training as a stand-alone intervention in schizophrenia, with seemingly
none in psychosis risk (Glenthgj et al., 2017; Vita et al., 2021). When studies have included
metacognitive strategy training, they have usually been combined with other forms of
cognitive remediation (Twamley et al., 2012). Exploring interventions alone before
combining them with other interventions is important to better understand the mechanisms of

cognitive remediation (Cella & Wykes, 2019).

Goal Management Training (GMT)

GMT (Levine et al., 2000; Robertson, 1996) aims to improve executive function
through metacognitive strategy training that targets attentional control and problem solving.
GMT was created to address the distracted behavior frequently observed after traumatic brain
injury occurring naturally, but not necessarily on neuropsychological tasks. The theory behind
GMT is based on the assumption that when there are disruptions in the brain, networks
contributing to sustained attention, goal-directed behavior are replaced by reliance on habits
or cues in the environment (Levine et al., 2011). For example, despite knowing that the goal is
to clean the apartment, a person may find themselves reading the newspaper for half an hour,
having been distracted from the task. Suddenly, a reminder may lead to a flurry of activity.

While this behavior is normal and occurs in all healthy humans at times, it is far more
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common in people with executive dysfunction (Duncan, 1986; Duncan et al., 1996; Levine et
al., 2011).

Distracted behavior may have significant negative consequences for a person’s daily
routines, finances, or relationships. GMT seeks to replace the distracted behavior with
deliberate establishment of and increased adherence to goals. GMT achieves this by teaching
participants to periodically stop and remind themselves of their goals in the present situation.
Participants are encouraged to repeat central steps of a mental strategy, preferably out loud.
The objective is to internalize the strategy through repetition. In addition, the GMT manual
seeks to raise awareness of attentional slips through group discussions of real life-examples
and demonstrations. The current GMT manual also includes exercises with present minded
focus (Kabat-Zinn, 1990; Levine et al., 2011). By raising awareness and building new habits
through attention training and strategy rehearsal, GMT aims to increase self-monitoring and

improve goal-achievement.

Evidence for the Efficacy of GMT

GMT has received empirical support in studies with several different patient
populations experiencing executive dysfunction. Most GMT studies have been undertaken
with individuals with acquired brain injury (Krasny-Pacini et al., 2014). However, studies
have also investigated the effect of GMT in persons with other neurological conditions or
ageing (Stubberud et al., 2013a; Turner et al., 2020; Vlagsma et al., 2020). In the field of
mental health, studies have examined GMT for executive dysfunction accompanying
substance abuse, attention deficit hyperactivity disorder (ADHD), obsessive compulsive
disorder (OCD), post-traumatic stress disorder (PTSD), and depression (Alfonso et al., 2011;
Boyd et al., 2019; Cameron et al., 2020; Hagen et al., 2020; In de Braek et al., 2017; Jensen et
al., 2021; Valls-Serrano et al., 2016). The reason for the broad diagnostic scope of GMT

studies is that underlying brain networks supporting executive functions are prevented from
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functioning optimally in several medical states and mental disorders (East-Richard et al.,
2020; Stamenova & Levine, 2018).

A meta-analysis of GMT studies published before 2017 found GMT effective in
enhancing executive function (Stamenova & Levine, 2018). The analysis included 19 GMT
group trials with adult participants from several diagnostic groups including mental disorders.
A significant beneficial effect of GMT was found on subjective and objective measures of
executive function immediately after intervention. This effect was sustained for objective
measures in the studies including a follow-up assessment, most commonly six months after
intervention (Stamenova & Levine, 2018). Increased activation in brain regions associated
with cognitive control has also been observed following GMT (Adnan et al., 2017). The
recent meta-analysis of GMT studies found significant improvement in daily function and
clinical symptoms (questionnaires about mental health) following GMT (Stamenova &
Levine, 2018).

So far, two studies have investigated GMT among people with schizophrenia. A case
study of a 39-year-old man diagnosed with schizophrenia found improved performance on
familiar and novel laboratory and real-life tasks after individually administered GMT (Levaux
et al., 2012). Moreover, the participant in the case study reported increased self-confidence in
everyday tasks following GMT. The effects persisted two years later (Levaux et al., 2012). In
a recent RCT by Vizzotto et al. (2021), GMT was combined with occupational therapy among
adults with treatment resistant schizophrenia. The occupational therapy involved practice in
naturalistic tasks such as cooking, paying bills, buying goods, or interacting with people. The
study found the combined intervention to have a beneficial effect on neuropsychological tests
of executive function, informant ratings of independent living skills, and observations of
everyday function (Vizzotto et al., 2021). Seemingly no RCT of stand-alone GMT nor GMT

in combination with other remediation interventions has yet been undertaken in
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schizophrenia. Moreover, GMT has not been investigated among persons with early

schizophrenia spectrum disorders or risk of psychosis.

Potential Moderators of GMT

Increasing knowledge of who benefits from cognitive remediation interventions is
important so that clinicians can make appropriate recommendations and so that patients can
choose the best treatments (Bowie et al., 2020; Cella et al., 2015; Wykes & Spaulding, 2011).
Targeted interventions may reduce experiences of treatment failure for patients, their families,
and clinicians.

Research on drill and strategy training in people with schizophrenia indicates that
remediation is more effective for individuals with more severe global cognitive impairment
and whose daily life function is poorer (DeTore et al., 2019; Vita et al., 2021). Still, since
GMT requires learning a metacognitive strategy, severe executive dysfunction could interfere
during sessions. In the field of traumatic brain injury, where GMT has been most widely
studied, it is recommended for mild to moderate executive dysfunction (Cicerone et al., 2019).
Moreover, studies show that working memory, inhibition, and shifting contributes to higher-
order cognitive processes such as reasoning and learning (Collins et al., 2014; Robertson &
Garavan, 2000; Zhu et al., 2020). Accordingly, severe impairments in the components of
executive function may pose obstacles to successful remediation with GMT (Cicerone et al.,
2019; Emmanouel et al., 2018).

Whether the discrepancy between subjective and objective cognition is an obstacle to
effective cognitive remediation has also been investigated only rarely (Seccomandi et al.,
2020). It is often assumed that greater objective than subjective dysfunction represents at least
some difficulty in making accurate self-assessments (Harvey & Pinkham, 2015). In the
context of cognitive remediation, difficulty recognizing cognitive challenges could lower

motivation to rehearse new skills and strategies or perhaps understand when these need to be
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applied in real life situations. Greater subjective than objective dysfunction, on the other hand,
may at least partially correspond to negative thought patterns. For example, people with
schizophrenia who have more subjective cognitive complaints than expected from their test
performance also have higher self-reported depression and lower self-esteem (Cella et al.,
2014; Raffard et al., 2020). The negative thought patterns often associated with depression
and poor self-esteem (e.g., the attribution of success to external factors and failure to internal
factors) could frustrate the recognition of potential abilities or improvements during cognitive
remediation (Allott, Steele, et al., 2020; Beck et al., 2018). Thus, the discrepancy between
subjective and objective executive function could represent an obstacle for effective cognitive

remediation.

Unanswered Questions

The present study may help to fill certain important knowledge gaps in the research on
remediation of executive functioning in people with early schizophrenia and risk of psychosis.
First, to the best of the project group’s knowledge, this study is the first RCT of stand-alone
GMT in early intervention for psychosis. Despite some promising results, insufficient
evidence exists for the efficacy of cognitive remediation in young individuals recently
diagnosed with schizophrenia spectrum disorders or psychosis risk syndromes (Bowie et al.,
2014; Datta et al., 2020; Deste et al., 2019; Gergov et al., 2022; Glenthgj et al., 2017; Vita et
al., 2021). Investigations of metacognitive strategy training are rare in cognitive remediation
studies in schizophrenia, although this form of remediation is recommended for executive
dysfunction (Cicerone et al., 2019). Evaluating GMT as a standalone intervention allows for a
better evaluation of mechanisms of change in cognitive remediation (Lejeune et al., 2021;

Wykes & Spaulding, 2011).
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Second, more knowledge of who benefits from cognitive remediation interventions is
important to improve targeted treatment and to avoid repeated experiences of treatment failure
(Bowie et al., 2020; Seccomandi et al., 2020; Wykes & Spaulding, 2011). The present study
investigates the potential moderators of GMT efficacy, such as the severity of impairment in
objective executive functions and discrepancies between self-reported executive function and
task performance. Such a discrepancy has rarely been investigated specifically in executive
functioning and seldom as a moderator of cognitive remediation (Raffard et al., 2020;
Seccomandi et al., 2020).

Finally, despite the knowledge that the discrepancy between subjective and objective
cognition is greater among those with schizophrenia than in the general population, little is
known about psychological variables associated with this gap (Cella et al., 2014; Harvey &
Pinkham, 2015; Potvin et al., 2014). The present study explores self-efficacy as a predictor of
discrepancy between subjective and objective executive function. Furthermore, a five factor
model of psychotic symptoms distinguishing positive, negative, disorganized, depressive, and

excited symptoms is explored in the prediction of discrepancy.

Aims

The main aim of the research project of which this thesis is a part, is to investigate the
potential of GMT to improve executive functioning among people with recently diagnosed
broad schizophrenia spectrum disorder or risk of developing such a disorder. The potential to
improve daily life function and clinical symptoms is also explored. Furthermore, the
characteristics of those who benefit most from the intervention is investigated, allowing for
future clinical recommendations. To increase the understanding of executive function in early
schizophrenia, the significance of any discrepancy between subjective and objective measures

is investigated among individuals with a schizophrenia spectrum disorder in the sample.
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Aims of Paper I: Executive Dysfunction in Schizophrenia — Predictors of the Discrepancy
between Subjective and Objective Measures

The first paper investigates what predicts the discrepancy between subjective and
objective measures of executive function among persons with schizophrenia spectrum
disorders. The relationship between discrepancy in cognitive assessment and psychological
variables such as perceived self-efficacy has rarely been explored. Furthermore, the present
study expands the research on the relationship between discrepancy in cognitive assessment
and psychotic symptoms, by including disorganized and depressive symptoms. The results
may aid clinicians in interpreting assessments of executive function in schizophrenia.

Aims of Paper II: A Randomized Controlled Trial of Goal Management Training for
Executive Functioning in Schizophrenia Spectrum Disorders or Psychosis Risk Syndromes

The second paper aims to measure the effect of GMT in a sample of participants with
schizophrenia spectrum disorders or psychosis risk syndromes using a randomized,
controlled, parallel group trial design with a wait-list control group, masked assessors, and
assessments immediately after intervention (5 weeks) and six-months after intervention (30
weeks). The primary outcome measures were self-reported executive function in everyday
situations and a computerized attention task. Secondary outcome measures comprised a broad
battery of neuropsychological tests of executive functions, a functional capacity task, and self-
reported and clinician rated clinical symptoms and daily life function.

Aims of Paper I11: Moderators of Metacognitive Strategy Training for Executive
Functioning in Early Schizophrenia and Psychosis Risk

The third paper examines what characterized those participants who benefited most
from GMT. Variation in objective executive function and discrepancy between subjective and
objective measures of executive function were analyzed as moderators of efficacy of GMT.

The results may aid clinicians and patients in treatment recommendation and selection.
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Methods

Participants

Participants were recruited among patients who had been referred to Innlandet
Hospital, Norway, for treatment of psychosis in the period 2012-2019. The study was
conducted in the setting of early discovery and intervention for psychosis, where young
people with signs of psychosis are referred for diagnostic assessment. Many of the referred
patients had cognitive complaints. Those in the study sample were young, ranging 16—44
years with a mean age of 25 years. The median and mode age was 24 years. The gender
distribution was 49 males (60%) and 32 females (40%). Approximately 80% of the
participants had a schizophrenia spectrum disorder. Table 1 describes the baseline
characteristics of the participants in the sample. Approximately half the participants (53.2%)
were engaged in some form of work or study, and 18.5% received a disability pension.

The scores from the 16 participants with a psychosis risk syndrome are included in the
analyses in the papers from the pre-registered trial on the efficacy of GMT and moderators of
treatment effect of GMT (Paper II and III). The participants with a psychosis risk syndrome,
six females and 10 males, did not differ significantly from participants with a schizophrenia
spectrum disorder in the distribution of age in a Mann—Whitney test, M:isx = 23 years, SD 5.24
versus Maiagnosis = 25 years, SD 6.53, p. 076. The mean years of education were 13 in both
groups. The groups did not differ in estimated 1Q scores, Miisk = 101.75, SD 14.44 versus
Miagnosis 98.03, SD 13.97, p .475. Participants with psychosis risk syndromes had experienced
fewer hospitalizations due to mental health, Mg = 0.81, SD 1.33 versus Mdiagnosis = 3.23, SD
5.07, p. <.001. They had also spent fewer months in hospital than had participants with a
diagnosis in the schizophrenia spectrum, Misk = 1.47, SD 3.16 versus Maiagnosis = 5.69, SD

8.15, p. <.00L.
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Table 1

Demographical and Clinical Characteristics (N = 81)

Sample characteristics Frequency Mean SD SE
Age 24.90 6.35 0.71
Gender

Female 32 (39.50%)
Male 49 (60.50%)
Education (in years) 12.90 1.83 0.20
Estimated 1Q 98.82 14.05 1.61
Employment
Full-time work/study 16 (19.80%)
Part-time work/study 11 (13.60%)
Supported employment 16 (19.80%)
Not working/studying 38 (46.80%)
Living arrangements
Alone 25 (30.90%)
With partner and/or children 16 (19.80%)
With parent 24 (29.60%)
With friends/ in shared house 3 (3.70%)
In supported housing 13 (16%)
In a relationship 18 (22.20%)
Schizophrenia spectrum disorder 65 (80.20%)
Schizophrenia 29 (35.80%)
Schizoaffective disorder 14 (17.30%)
Schizophreniform disorder 6 (7.40%)
Psychotic disorder NOS 15 (18.50%)
Delusional disorder 1(1.20%)
Psychosis risk syndrome 16 (19.80%)
Positive attenuated symptoms 9 (11.10%)
Brief limited intermittent symptoms 5 (6.20%)
Genetic risk w/ fall in function 2 (2.50%)
Duration of untreated psychosis (weeks) 195.32 237.75 26.42
Symptoms of psychosis (mean scores)
PANSS Positive 2.93 0.85 0.09
PANSS Negative 2.55 0.82 0.09
PANSS Disorganized 2.34 0.66 0.07
PANSS Depressive 3.46 0.92 0.10
PANSS Excited 2.16 0.70 0.08

Treatment

Previous hospitalizations 2.75 4.68 0.52

Months in hospital 4.86 7.61 0.85

Current TAU

Psychotherapy 49 (60.50%)
Drug therapy 60 (74.10%)
Antipsychotics 50 (61.70%)
Defined daily dose
Antipsychotics 0.560 0.72 0.08
Antidepressants 0.493 0.87 0.97
Mood stabilizers 0.116 0.43 0.05
Central nervous system stimulants 0.041 0.19 0.02
Anxiolytics (antihistamines) 0.012 0.08 0.01
Anxiolytics (benzodiazepines) 0.059 0.25 0.03
Sedatives (antihistamines) 0.041 0.22 0.02
Sedatives (benzodiazepines) 0.107 0.35 0.04
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The scores from the participants with a psychosis risk syndrome are not included in
the analysis in Paper I, which investigates discrepancy between subjective and objective
executive function. Since the paper is a novel investigation of discrepancy in the executive
domain, limiting heterogeneity in the sample was a priority. It is presently unknown whether
average patterns of discrepancy between subjective and objective cognition are similar among

at-risk participants and people with schizophrenia (Glenthgj et al., 2020).

Study Design and Procedures

A randomized, controlled, and masked parallel group trial was conducted. Half the
participants received GMT immediately after baseline assessment and the other half was
assigned to a wait-list control condition receiving treatment as usual (TAU). Measurements
were gathered at baseline (T1: 0 weeks), post-intervention (T2: 5 weeks), and in a six-month
follow-up assessment (T3: 30 weeks). Figure 1 presents a flow chart of the trial according to
CONSORT guidelines for parallel group trials (Schulz et al., 2010).

The inclusion criteria were people of ages 16—69 with a diagnosis of schizophrenia
spectrum disorder according to the DSM-IV or a psychosis risk syndrome (American
Psychiatric Association, 2000; Miller et al., 1999; Yung et al., 1998). Risk was defined
according to the criteria of three psychosis risk syndromes characterized by attenuated
positive symptoms, brief intermittent psychotic symptoms, or genetic risk and deterioration in
function (Miller et al., 1999; Yung et al., 1998). In addition, eligible participants had to have
subjective complaints of executive dysfunction according to the Behavior Rating Inventory of
Executive Function — Adult version (BRIEF-A) (Roth & Gioia, 2005). T-scores above 55
were defined as the cut off for inclusion. According to American norms, scores above T65 are
considered clinically relevant, but in the Norwegian cultural context, scores greater than T55

has proven to be more appropriate (Lovstad et al., 2016; Roth & Gioia, 2005).
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Figure 1

Flowchart of Allocation and Attrition

Enrollment

Assessed for eligibility (110)

Randomized (n = 81)

Excluded (29)
Not meeting criteria (11)
Declined to participate (10)

Practical reasons (8)

Allocated to GMT (n = 39)

Allocation

Lost to follow-up (n = 6)
Lostat T2 (n =6)

Lostat T3 (n =6)

Health related (n = 2)
Practical reasons (n = 1)
Adverse effects (n = 1)

Unknown (n =2)

Allocated to wait list (n = 42)

Follow-up

ITT analysis (n = 39)
Missing and excluded datapoints
are given as degrees of freedom

for each analysis

Lost to follow-up (n = 5)
Lostat T2 (n=3)
Lostat T3 (n=15)

Found testing too streneous (n = 2)
Practical reasons (n = 1)
Felt no need for GMT (n=1)

Unknown (n=1)

Analysis

ITT analysis (n = 42)
Missing and excluded datapoints
are given as degrees of freedom

for each analysis

Exclusion criteria for participants were ongoing substance or alcohol abuse or

Diagnostic assessment was done by a clinical psychologist (I.H., the PhD-candidate)

treatment for psychosis for more than five years.
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dependency, an IQ < 70, an acquired brain injury or degenerative neurological disease, or

under supervision from a specialist in psychiatry (E.H., co-supervisor) using the Structured
Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-

IV) Axis I disorders, SCID-I, and the Structured Interview for Prodromal Symptoms (First et




al., 2005; Miller et al., 1999). Estimated 1Q was measured with the Matrix Reasoning and
Vocabulary subtests from Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler,
1999) or the General Ability Index from Wechsler’s Adult Intelligence Scale, 4th edition
(WAIS-IV; Wechsler, 2008). Neuropsychological assessment was done by the same
psychologist under supervision from a specialist in neuropsychology (M.G.9Q., principal
investigator and main supervisor).

After assessment for eligibility, 81 participants were randomly assigned to GMT (n
= 39) or a wait list condition receiving TAU (n = 42) using computerized randomization from

https://www.randomizer.org. A person independent from the study team performed and kept a

record of the randomization. Baseline assessments were collected by the PhD-candidate and
two trained psychiatric nurses. Post-intervention and follow-up assessments were collected by
the nurses, and group allocation was masked.

All participants gave informed consent, and the study was conducted in accordance
with the World Medical Association’s Declaration of Helsinki on ethical principles for
medical research involving humans subjects (World Medical Association, 2013). The research
was approved by the Regional Committee for Medical and Health Research Ethics in Norway
(2015/2118) prior to commencement. Participants in the TAU condition were offered GMT
after study completion. Advisors with service-user experience were involved in the planning
and evaluation of the study. Funding for the study was provided by the South-Eastern Norway
Health Authority (grant number 2017012), Innlandet Hospital Trust (grant number 150602),
and University of Oslo (grant number 353139). Funders had no involvement in the execution
of the study.

The study was preregistered as a clinical trial at clinicaltrials.gov (NCT03048695
09/02/2017). The preregistration specified three primary outcome measures: the questionnaire

Behaviour Rating Inventory of Executive Function (BRIEF-A; Roth & Gioia, 2005), the
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https://www.randomizer.org/

computerized attention task Conners Performance Test, 3™ edition (CPT 3; Conners, 2014),
and symptoms of psychosis assessed with the Positive and Negative Symptom Scale (PANSS;
Kay et al., 1987). The present study evaluates the effect of GMT on executive function, daily
life function and clinical symptoms. A fourth paper based on a recent master thesis, not
included in the present doctoral thesis, will explore the effect of GMT on wellbeing (Qie,
2021).

Certain minor changes were made to the protocol after pre-registration, due to
assessment days being too costly and strenuous. As a result, data from the Digit Letter
Sequence task and the lowa Gambling Task were collected only at baseline. Goal attainment
scaling was originally intended as an outcome measure, but was integrated into the GMT
manual instead. Due to an administration error, the Cognitive Failures Questionnaire was

excluded from the protocol.

Assessment

Table 2 presents the instruments, assessment times, and variables analyzed in the

present study.

Subjective Executive Function

Behavior Rating Inventory of Executive Function — Adult version, BRIEF-A, is a 75-
item self-report questionnaire of executive difficulties in everyday situations (Roth & Gioia,
2005). The items are arranged in the nine subscales covering central domains of executive
function: Inhibit, Shift, Emotional Control, Self-Monitor, Initiate, Working Memory,
Plan/Organize, Task Monitor, and Organization of Materials. The instrument has shown good
test-retest reliability ranging from r .82 to » .93 across the nine subscales (Roth & Gioia,
2005). The total scale showed good internal consistency in the present study at baseline with a

Cronbach’s alpha score of a = .95.
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Objective Executive Function

Inhibition. Detectability and commission errors from Conners Performance Test, 3rd
edition, CPT 3, were used as measures of inhibition. The CPT 3 is a computerized reaction
task assessing several aspects of inattention (Conners, 2014). Participants respond as quickly
as they can by button push to letters appearing on a screen and try to avoid pressing the button
when the letter X is displayed. Detectability, used as a primary outcome measure of the GMT
trial in Paper I, is the ratio of incorrectly acknowledged non-targets to correctly identified
targets. The age normed T-score for commission errors, or portion of endorsed non-targets
was used as a measure of inhibition in Paper I and III. Both measures have shown adequate
split-half reliability (» = .91-.92) and test-retest reliability (» = .74 - .85) in a normative sample
(Conners, 2014).

The Color-Word Interference Test (CWIT, condition three, from the Delis-Kaplan
Executive Function System, D-KEFS) was also used to measure inhibition (Delis et al., 2001).
The CWIT is a timed Stroop task assessing inhibition and shifting. The task consists of four
conditions: naming colors, reading, inhibition, and inhibition/switching. In the inhibition
condition, the participants must override the automatic response to read a word and instead
name the color of the ink of the printed word. The ink color is often incongruent to the
meaning of the word, for example the word “red” printed in blue ink. The test-retest reliability
correlation for the inhibition condition of CWIT in normative samples is » = .71 in adults and

r=.90 in adolescents (Delis et al., 2001).
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Shifting. To measure shifting, condition four of CWIT, inhibition/switching, from D-
KEFS was used (Delis et al., 2001). In this condition of the test, the participants must
continually swap between reading words and naming ink colors. The test-retest reliability
correlations for the inhibition/switching condition in normative samples is » = .52 in adults,
and » = .80 in adolescents (Delis et al., 2001). In addition to the time spent on conditions three
and four, raw contrast scores may be calculated and used to separate the confounding effects
of processing speed (Neill & Rossell, 2013; Savla et al., 2010). This procedure was used in
Paper II in the analysis of the outcome of the GMT trial.

At baseline, condition four of the Trail Making Test from D-KEFS was used as an
additional measure of shifting. Condition four of TMT, Letter-Number Switching, is a timed
task where participants are asked to draw lines while continually shifting between numbers in
increasing order and letters in alphabetical order (e.g., 1-A-2-B). In normative samples, the
test-retest correlation for the measure is » = .38 (Delis et al., 2001).

Working Memory. The two subtests Digit Span and Letter-Number Sequencing from
WAIS-IV were used to assess working memory (Wechsler, 2008). The Letter-Number
Sequencing test has a test-retest reliability of » = .80 (Wechsler, 2008). The three conditions
of the Digit Span test has adequate internal consistency (o = .78 - .89) and test-restest
reliability (» = .71 - .77) in normative samples (Wechsler, 2008).

Planning. The Tower Test is a strategic planning task in which participants solve
wooden puzzles with as few moves as possible. Higher scores indicate better performance.
The test has yielded test-retest correlations of » .41-51, in normative samples with adolescents
and young adults (Delis et al., 2001).

Interacting Objective Executive Functions. The Hotel Task is a naturalistic role
playing task mimicking a real world multitasking work environment (Manly et al., 2002).

Participants are asked to work on five tasks for 15 min, dividing their time equally between
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sorting coins, proofreading, filling out bills, sorting name tags alphabetically, and finding
phone numbers in a registry. In addition, they are to press a button at two specific times to
open and close a door for deliveries. Optimal time distribution is 180 s per task. The number
of seconds deviating from optimal time distribution was used as an outcome measure of the

GMT trial in the present study.

Functional Capacity

The University of California San-Diego Performance-based Skills Assessment — Brief
Version, UPSA-B is a functional capacity task developed especially for the assessment of
potential real-world function in persons with serious mental illness (Patterson et al., 2001;
Patterson & Mausbach, 2006). During the task, participants are asked to count money, pay
bills, and reschedule a doctor’s appointment using a telephone. The test provides a total score
out of 100. The test showed good psychometric reliability and validity in a recent, large
systematic review (Becattini-Oliveira et al., 2018). It has small-to-moderate significant
correlations with measures of function, including independent residential status (Szabo et al.,

2018).

Daily Life Functioning

Social Functioning Scale, SFS, is a self-reported questionnaire initially designed for
people with schizophrenia (Birchwood et al., 1990). The Norwegian translation of the scale
has been shown reliable and valid among people with schizophrenia (Hellvin et al., 2010).
The scale consists of the seven subscales: Withdrawal, Interpersonal Behavior, Pro-Social
Activities, Recreation, Independence Competence, Independence Performance, and
Employment. Independence Ability and Independence Performance were used as outcome
measures of the RCT in Paper 11, as these subscales reflect activities of daily living. The
remaining subscales cover aspects of social functioning more likely associated with social

cognition than executive function (Horan et al., 2011). It was also considered unlikely that
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GMT could change a participant’s occupational status in six months, since employment also
depends on external factors. The internal consistency of the Independence Performance
subscale, a = .81, and of the Independence Competence subscale, o = .65, were adequate in
the present study.

Global Assessment of Functioning - Split version, GAF-F, was used as a clinician
rating of global daily life function (American Psychiatric Association, 2000). The scale
renders a score 0—100, where higher scores indicate better functioning in important context,
for example in school or work, socially, and in daily activities (e.g., hygiene practices). Scores

are highly consistent when raters are experienced in using the scale (Pedersen et al., 2007).

Self-Efficacy

The General Self-Efficacy Scale, GSES, is a 10-item self-reported questionnaire about
beliefs in having the required abilities to reach goals and handle problems if they arise
(Schwarzer & Jerusalem, 1995). The scale has shown good test-retest reliability and internal
consistency in studies with participants with schizophrenia (Chiu & Tsang, 2004). In the

current study, the Cronbach alpha coefficient for the scale was o = .85.

Symptoms of Psychosis

The Structured Clinical Interview for the Positive and Negative Syndrome Scale for
Schizophrenia, SCI-PANSS, was used to assess the severity of psychotic symptoms at the
time of testing (Kay et al., 1987). The SCI-PANSS provides clinician ratings of 30 symptoms
based on a structured interview with participants, supplemental information from caregivers,
and observations. Symptom severity is measured on a scale ranging from 1 (absent) to 7
(extreme). A score of 4 is considered above psychotic threshold for the items covering
hallucinations and delusions. The inter-rater reliability of the Norwegian version of the
instrument is adequate when it is performed by trained clinicians (Friis et al., 2003).

Symptoms were grouped according to a five-factor consensus model with positive, negative,
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disorganized, depressive, and excited symptoms (Wallwork et al., 2012). The internal
consistency of the five factors was adequate at baseline, ranging from a = .55 for three
depressive symptoms, o = .62 for three disorganized symptoms, o = .64 for four positive
symptoms, and a = .73 for four excited symptoms to o = .85 for six negative symptoms.

In addition participants self-reported symptoms of psychological distress during the
week of testing using the ten item version of the Symptom Check List, SCL-10, (Derogatis et
al., 1974). The questionnaire reflects subjectively experienced anxiety and depressed mood.
Items are scored on a scale ranging from 1 (a little bothered) and 4 (very bothered). The SCL-
10 has shown adequate psychometric qualities equivalent to longer versions of the instrument
and it has been validated in the Norwegian population (Strand et al., 2003). The internal

consistency of the questionnaire at baseline in the present sample was, o = .83.

Executive Function in the Sample at Baseline

At baseline, the sample showed elevated subjective complaints of executive function
in real-world situations. The mean total BRIEF-A 7-score in the sample was 768. Higher
scores mean more self-reported executive difficulties. The mean score in the sample is higher
than the normative mean of 750 and the clinical cut-off of 765 according to US norms (Roth
& Gioia, 2005). The score is also more than one standard deviation above 755, which is
considered clinically relevant in the Norwegian cultural context (Levstad et al., 2016). Table
3 shows scores on the subscales of BRIEF-A in the sample. In addition, the table shows
separate mean scores for participants with schizophrenia spectrum disorder and psychosis risk
syndrome. Both groups reported executive difficulties above the normative mean on all
subscales.

Despite subjective working memory complaints, the sample showed comparable

performance to normative samples on the working memory tasks Digit Span and Letter
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Number Sequencing. All conditions of the CWIT were completed more slowly than the
normative average. When contrasting the conditions requiring shifting and inhibition with less
demanding conditions, however, no additional slowing was apparent. Similar results have
been found in previous studies (Savla et al., 2010). On average, the sample showed greater
difficulties differentiating between targets and non-targets on the CPT 3. This finding is
aligned with those of other studies using versions of the CPT with varying complexity in large
samples with patients having schizophrenia (Nuechterlein et al., 2015). Table 4 shows
objective executive functioning in the sample compared to the standardized means derived
from large norming samples with healthy participants listed in the test manuals of the
instruments (Conners, 2014; Delis et al., 2001; Roth & Gioia, 2005; Wechsler, 2008). Scores
were similar among participants with schizophrenia spectrum disorders and psychosis risk
syndromes, but at-risk participants did not show slowing on the CWIT. They did, however,
show slowing similar to the group with a diagnosis on the switching condition of the Trail

Making Test.

Comparisons of Treatment Groups at Baseline

Any baseline differences between the treatment groups after randomization are
considered incidental (Moher et al., 2010). The GMT group reported more subjective EF
complaints at baseline, F(1,72) = 6.66, p = .012. They showed a significantly lower level of
negative symptoms than the TAU group, F(1, 79) = 17.34, p = .008. More participants in the
GMT group received psychotherapy, ¥ (1, 80) = 6.05, p = .016, ¢c = .27. The groups were
otherwise comparable in demographical, clinical, and cognitive variables. Table 5 shows the

baseline comparisons of the two treatment groups.
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The Intervention: Goal Management Training

GMT was administered in 9 (twice weekly) sessions of 2 h each, using the Norwegian
translation of the current GMT research protocol (Stubberud et al., 2013b). A recent meta-
analysis of all GMT studies found that the training is most effective when sessions are held
more frequently than once a week (Stamenova & Levine, 2018). Table 6 summarizes the
content of the GMT sessions. GMT was administered to groups of three to eight participants
by a trained therapist (I.H.) and a local co-therapist recruited among clinicians who work with
the patient group. Training in the GMT manual was provided by an experienced GMT
therapist and neuropsychologist (J.S., co-supervisor). Co-therapists were doctors,
psychologists, occupational therapists, or psychiatric nurses.

The manual takes the form of PowerPoint-slides with an accompanying script for the
therapist and participant workbooks. The training consists of psychoeducation and the
normalization of executive dysfunction, discussions of lived examples, and in-session and
between-session exercises demonstrating inattentiveness or mindful goal-achievement. The
current GMT manual includes mindful breathing exercises to encourage adequate arousal and
further to improve the focus on goals in the present situation (Kabat-Zinn, 1990; Levine et al.,
2011). However, for the present study, the GMT manual was revised by removing a
mindfulness exercise involving sensory scanning of the body to reduce discomfort in case of
tactile hallucinations or self-anomalies among people with psychosis. An exercise was added
where participants developed one individual long-term goal according to the procedures in
goal attainment scaling (Ashford & Turner-Stokes, 2006). A review of GMT studies showed
that personal goals increased the effect of the intervention (Krasny-Pacini et al., 2014). Text
messages reading “STOP” were sent to participants once a day between sessions four and

nine as a reminder to rehearse the GMT strategies. Cueing also interrupts ongoing thought
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processes and sparks goal directed behavior in the moment (Fish et al., 2007; Manly et al.,
2002). Text messages have shown potential in prompting activities of daily living among
people with schizophrenia (Pijnenborg et al., 2007). Individual makeup sessions were offered
to ensure that participants received all nine sessions even if they had to cancel a regular
session. Five participants completed the last three sessions via videoconference due to the
outbreak of the Covid-19 pandemic. After follow-up assessment, wait-listed control
participants were offered GMT.

The treatment group received GMT in addition to treatment as usual, in accordance
with national guidelines on treatment for psychosis (Norwegian Health Authority, 2013). The
control group received treatment as usual. Treatment often involves a combination of
pharmacological and psychosocial interventions. In the present study, 62% of participants
received anti-psychotic drugs as part of their treatment, and an additional 12% received other
pharmacological treatment. The average daily dosage of anti-psychotic drugs was 0.560,
which is similar to other cognitive remediation studies (Lejeune et al., 2021; Vita et al., 2021).
Around 61% received psychotherapy, and an additional 24% received some form of
supportive conversation on a regular basis. The treatment variation is partly explained by
diagnosis, as antipsychotic drugs are not routinely recommended for at-risk states. In addition,
although participants were recruited through the early detection and intervention for psychosis
clinics, follow-up care was provided in different settings. At the time of inclusion, eight
participants were in-patients, five were living in other institutions, and 56 were outpatients.
Some of the outpatients received continued care in the specialized early intervention clinics,
whereas others received care in general mental health clinics closer to their home. Twelve

participants received care from their general practitioner rather than at the hospital.
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Statistical Analysis

All analyses were performed using IBM SPSS Statistics version 26 (IBM Corp.,
Armonk, NY, USA). Scores were inspected for normal distribution and extreme values.
Outlying scores or extreme residuals more than three standard deviations from the mean were
removed. Scores from CWIT Inhibition and SFS Independence, Competence, and Duration of
Untreated Psychosis (DUP) were transformed because of skewed distributions. Age normed
scores were used in Papers I and III to allow for comparison with normative values of
subjective and objective executive function, since the study does not include a healthy control
group. In Paper II, raw scores were entered into the analysis to retain variance, as the
comparison centers on differences between the GMT group and the TAU group.

Paper 1. The predictive value of self-efficacy (GSES) and symptoms (PANSS) on the
discrepancy between subjective (BRIEF-A) and objective executive function
(neuropsychological tests) was analyzed using a multiple linear regression analysis with bias-
corrected bootstrapping. Psychotic symptoms were grouped according to a five factor
consensus model with positive, negative, disorganized, depressed, and excited symptoms
(Wallwork et al., 2012). Discrepancy scores were calculated along a dimension ranging from
sensitivity (greater subjective than objective executive dysfunction) to stoicism (greater
objective than subjective executive function), according to a framework from research on
affective disorders (Miskowiak et al., 2016).? Four analyses were run, one for each central
component of executive function: inhibition, shifting, and working memory, plus one for total

executive function. The scores from participants with a diagnosis in the schizophrenia

2 A note on language: The terminology used for discrepancy varies somewhat between Paper | and Paper Ill.
The Stoicism-Sensitivity framework (Miskowiak et al., 2016) has methodological advantages outlined in Paper |,
but the words stoicism and sensitivity unintentionally imply psychological mechanisms that the present study
does not measure. Thus, in Paper Il a more neutral language is used. Lack of neurocognitive insight, used
elsewhere, was also avoided as this implies assumptions about the reasons for discrepancy not measured and
may underestimate the validity of subjective measures (van Aken et al, 2022; Bulzacka et al., 2013)
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spectrum were included in this analysis, excluding the scores from participants with a
psychosis risk syndrome.

Paper II. The effect of GMT on subjective executive function (BRIEF-A), objective
executive function (CPT detectability, CWIT inhibition, and switching, Digit Span, the Tower
Test, and Hotel Task), functional capacity (UPSA), and daily life function (Independence
Competence and Independence Performance from SFS and GAF-F) was analyzed using linear
mixed models analysis. The model specified fixed effects of time, group, and group x time
were specified, and a random intercept. A first-order autoregressive covariance matrix was
specified for the repeated measurements. Restricted maximum likelihood was used as method
of estimation. Any significant differences after randomization between the GMT and TAU
groups are considered coincidental (Moher et al., 2010). The TAU group had more baseline
negative symptoms and fewer subjective executive complaints than did the GMT group. More
participants in the GMT group received psychotherapy as part of their treatment than did
those in the TAU group. When controlled for, neither of these variables changed the outcome
of the analysis. Demography (gender, age, education) and clinical variables (symptoms of
psychosis, concomitant treatment, duration of untreated psychosis, hospitalizations) were also
controlled for.

Statistical Power. An a priori power analysis for the RCT estimated that a sample size
of 60 participants would render sufficient statistical power to detect a moderate effect size on
BRIEF-A in a repeated measures ANOVA. Instead of the planned ANOVA, linear mixed
models analysis was adopted to include data from all participants intended to receive
treatmeant (Gupta, 2011).

Nine participants dropped out of the study before post-intervention assessment. This
number increased to 11 at follow-up assessment. No significant differences were found

between completers and non-completers of the study.
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A complete data set was difficult to achieve for logistical reasons. Long assessment
days and a challenging geography with significant travel time led us to allow questionnaires
to be completed at home. Missing data was assumed to be missing at random, as no
differences were detected between those who filled out questionnaires once, twice, or three
times. The variables tested were treatment condition (GMT or TAU), discrepancy between
subjective and objective cognition, demography (gender, age, and education), clinical
characteristics (diagnosis, symptoms, global function, and treatment), and cognitive
characteristics (estimated IQ, subjective, and objective executive function). Imputation of
missing scores was not performed, as mixed models provide unbiased estimates under the
assumption of missing at random (Krueger & Tian, 2004; Muth et al., 2016; Schielzeth et al.,
2020).

Clinically Reliable Change. To check whether statistically significant effects were
clinically relevant, the procedures for calculating a Reliable Change Index (RCI) were used
(Jacobson & Truax, 1991). The index identified individuals with clinically reliable
improvement from baseline (T1) to follow-up (T3) measured with BRIEF-A.

Paper III. A mixed models analysis similar to Paper II was used to test whether the
fixed effect of GMT X time on subjective executive function (BRIEF-A) remained significant
when adding objective executive function and discrepancy between subjective and objective
executive function as moderators. A mean total score of objective executive
neuropsychological tests was entered as a continuous variable. Discrepancy was entered as a
categorical variable with four clusters of participants: both subjective and objective executive
dysfunction, mostly subjective executive dysfunction, mostly objective executive dysfunction,
or neither subjective nor objective executive dysfunction. Clusters were created from scores
on subjective and objective measures of executive function using a two-step cluster analysis

based on Schwartz’s Bayesian criterion. The cluster solution was judged to be fair, with
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adequate cohesion within clusters and separation between clusters. Eight participants were not
assigned clusters due to missing scores on one or more measures.

In Paper III, the same linear mixed model was used as in Paper II, but with maximum
likelihood (ML) as method of estimation rather than restricted maximum likelihood (REML).
ML is preferable when the objective is to compare nested models. Additionally, in Paper I1I
the effect of baseline differences in the outcome measure were controlled for by removing the

main effect of treatment condition from the initial model (Twisk et al., 2018).
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Summaries of Papers with Results

Paper I: Executive Dysfunction in Schizophrenia — Predictors of the
Discrepancy Between Subjective and Objective Measures

Background

Subjective (self-reports) and objective (neuropsychological tasks) measures of
cognition have lower correlations among people with schizophrenia than among healthy
controls. This discrepancy has not been thoroughly investigated in the cognitive domain of
executive function. The causes of the discrepancy are also unclear, as associations with
symptoms of psychosis vary between studies. A five-factor model of psychotic symptoms
may predict discrepancy better than positive and negative symptoms. Moreover, the predictive

value of psychological variables such as self-efficacy has rarely been tested.

Aims

The aims were to explore self-efficacy and a five-factor model of psychotic symptoms
(positive, negative, depressive, disorganized, and excited symptoms) as predictors of
discrepancy between subjective and objective measures of executive function in a sample of

people with schizophrenia spectrum disorders.

Methods

Sixty-six participants with broad schizophrenia spectrum disorders completed a
comprehensive assessment of executive function. Discrepancies were calculated between
performance on neuropsychological tests (objective) and an extensive self-report
questionnaire (subjective) of executive functions (inhibition, shifting, and working memory).
The potential predictors investigated were self-efficacy, positive, negative, excited,
depressive, and disorganized psychotic symptoms. The hypothesis was that higher levels of
self-efficacy would predict lower subjective than objective executive dysfunction. More

disorganized symptoms were expected to predict lower subjective than objective dysfunction.
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Greater depressive symptoms were expected to predict higher subjective than objective

dysfunction.

Results

Self-efficacy was the strongest predictor, explaining 27% of the variation in
discrepancy between mean total subjective and mean total objective executive function, F(1,
51)=19.21, p = .000, 7> = .27. Higher self-efficacy was associated with having fewer
subjective complaints than expected from objective performance.

More severe disorganized symptoms significantly improved prediction of discrepancy
in assessment of total executive function, AF(1, 51) = 5,54, p = .023, Ar* = .07. Disorganized
symptoms were especially apt for predicting discrepancy in the inhibition domain.

Clinician rated depression did not predict the discrepancy between total subjective and
objective executive function, AF(1, 51) = 0.21, p = .646, Ar* = .00. Nor did depressive
symptoms predict discrepancy in any executive subdomains. Positive, negative, and excited
symptoms did not predict discrepancy between subjective and objective executive function in

any domain.

Conclusions

Low self-efficacy may signal individuals who cannot utilize their potential executive
functions in daily life. Cognitive remediation for these individuals should be mindful to foster
self-efficacy. Disorganized symptoms may identify individuals who need cognitive
remediation for executive dysfunction and who do not experience subjective executive
difficulties. These individuals may benefit from demonstrations and discussions of executive

difficulties in real-world situations.
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Paper II: A Randomized Controlled Trial of Goal Management Training
for Executive Functioning in Schizophrenia Spectrum Disorders or
Psychosis Risk Syndromes

Background

Executive functioning is essential to daily life and severely impaired in schizophrenia
and psychosis risk syndromes. GMT is a theoretically founded, empirically supported,
metacognitive strategy training program designed to improve executive functioning, not

previously investigated as a method of early intervention for psychosis.

Aims
The primary aim was to assess the impact of GMT on measures of executive
functioning. The secondary aims were to explore the effects of GMT on functional capacity

and functioning in daily life, as well as clinical symptoms.

Methods

A randomized, controlled parallel group trial compared GMT with treatment as usual
among 81 participants (GMT, n = 39 versus TAU, n = 42) recruited from a setting of early
intervention for psychosis. Computer generated random allocation was performed by someone
independent from the study team, and raters post-intervention were unaware of the allocation.
A linear mixed model for repeated measures, including all partial data according to the
principle of intention to treat, tested for significant group x time interaction effects assessed
immediately after intervention (post-test) and six months after intervention (follow-up). A
priori hypotheses were that GMT would improve subjective (self-reports) and objective
(neuropsychological tasks) measures of executive function. In addition, GMT was expected to
improve performance of a functional capacity task, self-reported activities of independent

living, self-reported symptoms and clinician ratings of symptoms and function more than
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TAU. However, there were no a priori hypotheses about the size of the effects on secondary,

explorative measures as the combination of intervention and measures in the study is novel.

Results

GMT improved self-reported executive functioning, measured with the Behavior
Rating Inventory of Executive Function — Adult version (BRIEF-A), significantly more than
treatment as usual, /' = 8.40, p =.005, » = .37. Figure 2 shows mean BRIEF-A total raw
scores over time in the GMT group versus the TAU group. The effect of GMT remained
significant when controlling for demography and clinical variables. The reduction of
subjective complaints was clinically relevant for significantly more participants in the GMT
group (10 of 19, 52.60%) than the TAU group (2 of 18, 11.10%), x2(1) =7.27, p = .007, ¢c =

44.

Figure 2

Change in Subjective Executive Function
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Note. A significant group x time interaction was found for the primary outcome measure, BRIEF-A —
self-reported executive dysfunction. Higher scores signify greater difficulties in everyday situations.
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Improvement occurred in both groups in objective executive functioning, as measured
by neuropsychological tests. However, in a post-hoc comparison, improvement in the GMT
group was greater (F'=4.33, p =.045, r=.33) than in the TAU group (F =1.58, p=.216,r=
.20) on the attentional inhibition task CPT 3.

Improved mean performance on a functional capacity measure (UPSA) was found in
both groups, F'=19.57, p =.000, but the treatment effect of GMT was not superior to TAU, F
=1.79, p = .184. Interaction effects between treatment group and time did not reach statistical
significance in the main analysis for self-reported activities of independent living (Social
Functioning Scale). However, in a post-hoc exploration of change within each group, the
GMT group showed significant improvement in SFS Independence Performance — GMT F =
5.17, p=.034, r = .44 versus TAU F=0.19, p = .666, r = .08 — and SFS Independence
Competence — GMT F=4.79, p =.036, r = .36 versus TAU, F=1.39, p =251, r=.24.
Clinician rated global function (GAF-F) improved equally in both groups.

Both treatment groups showed a reduction in positive, disorganized and excited
symptoms over time, but no significant treatment effect of GMT were registered in psychotic
symptoms assessed using SCI-PANSS. The GMT-group experienced a significantly greater
reduction in self-reported symptoms of anxiety and depressed mood measured by the SCL-10,

F(1,64.05)=5.78, p=.019, r = .29.

Conclusions

GMT had clinically reliable and lasting effects on subjective executive function six
months after a brief five-week intervention. Significant improvement in self-reported clinical
symptoms were also detected after GMT. Though the effects were too small to statistically
outperform TAU, there were indications that GMT improved performance on an objective

attentional task of inhibition and self-reported activities of daily living.
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Paper III: Moderators of Metacognitive Strategy Training for Executive
Functioning in Early Schizophrenia and Psychosis Risk

Background

Knowledge of who benefits from cognitive remediation is important for clinical
recommendations. This study investigates objectively measured executive function and the
difference between subjective and objective executive function as potential moderators of

efficacy of Goal Management Training (GMT).

Methods

Baseline scores from a randomized controlled trial with 81 participants (GMT n =39
vs TAU n = 42) were analyzed in a linear mixed model analysis for repeated measures. The
outcome variable was improvement on the self-reported Behavior Rating Inventory of
Executive Function — Adult version (BRIEF-A), both immediately after and six months after
GMT. Potential moderators were scores from objective measures of executive functioning and
discrepancy between subjective and objective measures. Discrepancy was assessed through a
comparison of four clusters of participants with differing patterns of scores: Both objective
and subjective executive dysfunction, mostly subjective executive dysfunction, mostly
objective executive dysfunction, or neither subjective nor objective executive dysfunction.
The hypotheses were that severe objective executive function would be associated with less
improvement after GMT, and that a larger discrepancy in either direction would be associated

with less improvement after GMT.

Results

The effect of GMT remained significant regardless of initial objective executive
functioning at baseline, F'=4.60, p =.036, r = .25. It was not moderated by individual

variation in objective test scores, F'=0.86, p =.357, r=.11.
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The treatment effect of GMT remained significant regardless of discrepancy between
subjective and objective executive function, /= 6.41, p =.031. There was a significant main
effect of discrepancy, F'=25.64, p <.001, but the interaction effect between discrepancy and
treatment effect was not significant, /= 1.37, p = .241. A contrast of the clusters within the
GMT group showed that participants with mostly objective executive dysfunction,
unaccompanied by subjective executive complaints, experienced significantly less
improvement after GMT than did those with both objective and subjective executive
dysfunction, p = .036. Participants with mostly subjective executive dysfunction improved as
much as those with both objective and subjective executive dysfunction. Figure 3 illustrates
the mean BRIEF-A total scores for each of the four clusters in the GMT group.

Figure 3
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Note. Change in BRIEF-A Total scores in clusters within the treatment group with different discrepancy
patterns between subjective and objective executive function at baseline. Higher scores indicate more

subjective executive complaints.
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Conclusions

Poor performance on neuropsychological tasks is not an obstacle to making use of
GMT, but further knowledge is needed concerning the benefits of metacognitive strategy
training for individuals with a combination of poor performance and few subjective

complaints.
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Discussion of Main Findings

This doctoral thesis approaches executive function in early schizophrenia in three
papers. It investigates the treatment effect of the metacognitive strategy training Goal
Management Training (GMT) for subjective and objective executive function in persons with
recently diagnosed schizophrenia spectrum disorders or psychosis risk syndromes (Paper II).
Initial patterns of subjective and objective executive dysfunction are explored as potential
obstacles to successful remediation with GMT (Paper III). The predictors of the discrepancy
between subjective and objective executive function in schizophrenia are also explored (Paper
I). In the following section, the main findings from the three papers are discussed in the

context of existing knowledge.

Evaluation of GMT

Executive Function

The present study is the first RCT of GMT for individuals with a recently diagnosed
schizophrenia spectrum disorder or a psychosis risk syndrome. GMT improved self-reported
executive function in real-world situations (Paper II). This finding remained significant
regardless of control for clinical variables such as psychotic symptoms and concomitant
treatment. For more than half the participants in the GMT group, the improvement in
subjective executive function exceeded the cut off for a clinically reliable change (Jacobson &
Truax, 1991). Improvement was greatest in initiation of activity, which is particularly
compelling as this domain has been difficult to treat in schizophrenia (Aleman et al., 2017). It
is also the most impaired domain in self-reports of executive functioning in the present
sample and with other studies using the same questionnaire among people with schizophrenia
(Bulzacka et al., 2013; Van Aken et al., 2022). Participants reported significant improvement

with moderate effect sizes in self-monitoring, planning and organizing, and shifting focus
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between activities. The findings have clinical importance, because better subjective executive
function is associated with greater personal recovery after a first episode of psychosis (Van
Aken et al., 2022).

Most cognitive remediation studies in schizophrenia specify objective measures of
cognition as a primary outcome. The effects of cognitive remediation on subjective cognition
are less commonly explored. A recent study of drill and strategy training in schizophrenia that
included subjective cognition as outcome found no improvement (Treichler et al., 2019). Even
when objective cognition improved, subjective cognition remained unchanged. Thus, GMT
achieves something existing cognitive remediation programs for this patient population have
not previously been shown to do consistently (Saperstein et al., 2020).

Based on previous GMT studies in neurological and mental disorders, it was expected
that GMT would improve performance on objective executive tasks (Stamenova & Levine,
2018). However, the group receiving GMT did not outperform the treatment-as-usual group
across measures of objective executive function. Results were mixed. GMT participants did
improve more than controls receiving only treatment as usual on a computerized attention task
measuring the trade-off between vigilance and inhibition (detectability from CPT 3). This
finding aligns with a recent study in people with ADHD that found GMT to be primarily
effective in improving inhibition (Jensen et al., 2021). Due to the lack of treatment effects
across other measures of objective executive function, caution should be exercised in the
interpretation of the finding. Neither group improved their performance on another measure of
inhibition and shifting (CWIT). Both groups improved their performance of a visual planning
task (Tower task) over the course of the study. This task has shown evidence of practice
effects, a likely explanation of the improvement across treatment groups (Delis et al., 2001;

Keefe et al., 2017; McCaffrey & Westervelt, 1995). Somewhat surprisingly, controls
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improved their scores more than GMT participants on a working memory task (Digit Span)
and a role-playing task assessing interacting executive functions (Hotel Task).

Notably, lower scores on the Hotel Task after the GMT have been seen previously and
are thought to be due to the task’s similarities with an exercise during the GMT intervention
(Levine et al., 2011). In the Hotel Task, participants are asked to divide their time equally
between five different tasks. In the GMT exercise, participants are asked to rapidly switch
between tasks. The take-home message in that GMT session is to practice the ability to
disengage from an activity to attend to the overarching goal. The crucial difference from the
Hotel Task is that during the GMT exercise, participants are not asked to divide their time
equally between tasks. Instead, the main goal is to attempt as many tasks as possible. Thus,
the likeness of two tasks perhaps interferes with post-intervention performance. A few
participants were observed to quickly attempt all five tasks before waiting out the remainder
of the time during the Hotel Task at post-intervention assessments.

In a meta-analysis of GMT studies, the largest effect sizes were seen in working
memory (Stamenova & Levine, 2018). Thus, the lack of change in scores on the Digit Span
task after GMT in the present study is surprising. However, in the participants in the present
study performed similar to healthy norms on average, indicating limited room for
improvement.

The lack of robust effects across objective measures of executive function may have
several explanations. First, GMT is metacognitive strategy training addressing situations of
daily life and not drill and practice training with repeated rehearsal of specific cognitive tasks.
As such, the effects of GMT might be expected to be more easily observed in real-life
behavior than in neuropsychological tests. GMT may be considered both a compensatory and
restorative intervention (Chung et al., 2013). The strategy training in GMT is primarily a top-

down training of higher order cognitions. Therefore, the consequences of the self-talk strategy
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might first be evident in compensatory behavior. Nonetheless, since the GMT strategy
theoretically becomes internalized over time, it should lead to a restorative increase in
cognitive control (Adnan et al., 2017). Such a restoration may be expected to improve
performance on neuropsychological tasks. Though for GMT to have a restorative effect on
cognitive functions that can be detected on lab tasks, a great deal of frequent strategy
repetition would be required. GMT participants commonly face difficulty committing fully to
practicing the strategy at home between sessions (Cameron et al., 2020). Unfortunately, the
present study did not measure the amount of rehearsal each participant engaged in at home
during the follow-up period. Consequently, it is not possible to conclude whether variations in
amount of rehearsal explain the absence of robust treatment effects across measures of
objective executive function.

Moreover, changes in objective executive function might take longer to emerge than
the six months allowed before follow-up assessment in the present study. Previous GMT
studies have collected data from objective executive tasks at follow-up assessment four to
seven months after intervention (Stamenova & Levine, 2018; Vizzotto et al., 2021). There is
variation between the studies, but overall the effect size for improved performance after GMT
is larger than immediately after intervention. It is therefore possible that effects will continue
to increase over time. It is not known when the largest effects of GMT on objective executive
function may be detected. So far, few GMT studies have had a longer interval than the present
study between post-intervention and follow-up assessments. In a case study of a person with
schizophrenia who received GMT, behavioral change in everyday situations was sustained
after two years, but objective executive tasks were not measured (Levaux et al., 2012).

Another possible explanation that GMT did not improve objective executive function
more than treatment as usual may be that there was insufficient room for change in these

measures (Carruthers et al., 2019). Some participants in the sample scored below average on
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several tasks, but the overall sample showed normative performance on the objective outcome
measures — except the one where a treatment effect was detected, the CPT 3 vigilance and
inhibition task. Studies of cognition and cognitive remediation in both people with
schizophrenia spectrum disorders and people with psychosis risk may have suffered similar
concealment of treatment effects due to the inclusion of participants with heterogeneous
cognitive function (Allott et al., 2022; Carruthers et al., 2019; Glenthgj et al., 2017). A recent
comprehensive meta-analysis and review of cognitive remediation studies in schizophrenia
found the largest effect sizes among participants with the most severe global cognitive
impairments (Vita et al., 2021). The trial was powered to detect a moderate effect in self-
reported executive functioning (BRIEF-A), and may therefore have lacked the sample size to
detect treatment effects on other measures. It is possible that behavioral symptoms measured
by the BRIEF are more sensitive to mild impairment and perhaps, therefore, also more

sensitive to change than objective measures (Niendam et al., 2007).

Functional Capacity and Daily Life Function

Both groups improved on the functional capacity task (UPSA-B). The lack of a
treatment effect of GMT on this measure may have been due to a lack of room for
improvement. The UPSA has shown ceiling effects in previous studies for younger
individuals with a first episode of psychosis (Vesterager et al., 2012).

There was some support for a treatment effect of GMT on daily life function. Even
though the main analysis did not show a significant group x time interaction effect,
participants in the GMT group reported greater improvement in performance of independent
daily life activities and greater improvement in their competency in the same activities (Social
Functioning Scale, SFS) compared to controls in a post-hoc comparison. Both groups
improved equally on a clinician rated global measure of function (GAF-F), a clinical

evaluation of overall function including areas of life such as school, work, and interpersonal
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relationships. These areas are influenced by many factors outside of GMT, such as motivation
and access to opportunities, perhaps making GAF too distal a measure of function in the
context of cognitive remediation (Allott et al., 2011; Medalia & Saperstein, 2013).

The most likely explanation for the lack of greater impact of GMT on measures of
daily life function is probably that cognitive remediation should be integrated into psychiatric
rehabilitation to meaningfully influence function (Bowie et al., 2020). Meta-analytic reviews
of cognitive remediation in schizophrenia show the greatest impact on measures of daily life
function in studies where cognitive remediation is offered embedded in psychosocial
interventions (McGurk et al., 2007; Vita et al., 2021). Even though the present study did take
place in a clinical setting, it was administered more as an add-on than as a well-integrated part
of treatment. Most study participants were recruited from specialized early intervention
clinics, but there were differences in where they chose to receive their follow-up care during
the study. Some participants were receiving care from specialized early intervention clinics.
Others received care from standard mental health care clinics located closer to where they
lived. Others still opted for follow-up care from a general practitioner, perhaps combined with
community care in the municipality. Treatment content or treatment setting did not change the
efficacy of GMT. However, setting common goals for psychiatric and cognitive rehabilitation
appears to be more important than the content of concomitant treatment for impacting daily
life function (van Duin et al., 2019). In the present study, the participants’ goals in GMT were
not systematically implemented as goals for their overall treatment of psychosis.

In addition, it is important that individuals who receive cognitive remediation also
partake in activities where they are given the opportunity to practice what they learn, for
example through work placements (Bowie et al., 2020; Holshausen et al., 2014). In the
present study, approximately half of participants were involved in some form of work or study

activity. Indeed, some GMT participants in the present study said they found it challenging to
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rehearse the strategy at home because they were rarely doing activities that were particularly
demanding of their executive functioning. Developing new skills takes time and requires
opportunity for practice (Medalia & Saperstein, 2013). A recent study combining GMT with
occupational therapy in individuals with treatment resistant schizophrenia found beneficial
effects on activities of independent living (Vizzotto et al., 2021). In that study, participants
practiced naturalistic tasks such as meal preparation with a therapist present for a total of 45 h,
ensuring the transfer of GMT strategies to the activity. In the present study, 18 h of GMT was
administered in group sessions. Group discussions and assignments encouraged the real-world
application of the GMT strategies. Still, participants did not receive any therapist support in
the application of GMT strategies to real-world situations outside sessions.

The present study was intended as an initial assessment of the feasibility and efficacy
of GMT as a stand-alone intervention in early psychosis. It is important to study interventions
in isolation and combination to increase knowledge of the mechanisms of cognitive
remediation (Cella & Wykes, 2019; Wykes & Spaulding, 2011). However, the end goal of
research on cognitive remediation in schizophrenia is to develop rehabilitation that maximizes
the improvement in function, including participation in education and work (Kharawala et al.,
2022; McGurk et al., 2022; Medalia & Saperstein, 2013). Thus, GMT may have synergistic
effects on function if, for example, integrated with occupational therapy, vocational training,
or other psychosocial interventions providing relevant opportunities to practice skills (Bowie
et al., 2020; Bowie et al., 2017; Medalia & Saperstein, 2013).

In sum, the GMT in the present intervention supports the importance of the four core
components identified by the Cognitive Remediation Expert Working group (Bowie et al.,
2020): repeated practice, active therapists assisting with development of mental strategies and
procedures for transferring skills to everyday life, and the integration of cognitive remediation

in adjunct treatment for psychosis. GMT did have active therapists and group discussions
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about transfer of strategy use to real life situations. However, there might have been variations
in the present study in terms of amount of strategy rehearsal, opportunities for practicing new
skills in real life situations, and how well GMT was integrated into treatment. This variance
might have lowered the treatment effects of the intervention more than expected across

measures of objective cognition and daily life function.

Clinical Symptoms

Psychotic symptoms are not the primary targets of cognitive remediation, but small to
moderate improvements in symptoms have been seen across remediation studies for people
with schizophrenia (Cella et al., 2017; Vita et al., 2021). In the present study, self-reported
symptoms of anxiety and depressed mood (SCL-10) showed a significant improvement after
GMT. This might be in an indication of better self-regulation in stressful situations. However,
GMT was not superior in improving clinician rated symptoms of psychosis (SCI-PANSS)
compared to treatment as usual.

There could be several reasons that the effect of GMT on symptoms was smaller than
expected. This study took place in an early detection and intervention for psychosis setting.
On average, the severity of symptoms measured with SCI-PANSS in the sample was low.
Only depressive symptoms were moderate, leaving more room for improvement.
Additionally, several of the participants were receiving treatment for psychotic symptoms for
the first time in the same period as they took part in the study. Thus, the effects of TAU on
symptomatology would be expected to be greater than in the majority of remediation studies
were participants are older and clinical symptoms are perhaps stabilized to a greater degree

(Vita et al., 2021).

Clinical Significance of GMT

Based on the present study, the clinical relevance of GMT for people with early

schizophrenia may be questioned, since the largest treatment effects were limited to subjective
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executive function and self-reported clinical symptoms. Still, the findings are considered
robust. Despite challenges to subjective assessments, such as mood states or desirability bias,
self-reports remain both valid and reliable measures of executive functioning in clinical and
healthy samples (Roth & Gioia, 2005). Persons with schizophrenia consistently report more
executive complaints than do healthy adults (Bulzacka et al., 2013; Potvin et al., 2014; Van
Aken et al., 2022). The levels of subjective executive complaints in the sample in the present
study was similar to those in previous studies. The test-retest reliability is also evident in the
present study, showing large and significant correlations between repeated measurements in
the control group. Thus, changes in the BRIEF-A scores most likely reflect meaningful
change in subjective executive function in real-world situations.

Moreover, the importance of subjective cognition may have been underestimated in
schizophrenia (Bulzacka et al., 2013; Van Aken et al., 2022). Subjective cognition has been
shown to be important to quality of life among persons with schizophrenia (Paudel et al.,
2020). Moreover, better subjective executive function is associated with greater personal
recovery after the first episode of psychosis (Van Aken et al., 2022). The emphasis on
wellbeing and personal recovery for people with lived experience of psychosis have made
these psychological aspects important treatment targets in schizophrenia and psychosis risk
(Grunder et al., 2021; Skar-Froding et al., 2021). Setting personal recovery goals increases the
motivation for functional recovery among people experiencing a first episode of psychosis
(Fulford et al., 2020). So far, drill and strategy training does not seem to improve subjective
cognition in schizophrenia, making GMT a valuable contribution to existing cognitive
remediation programs (Saperstein et al., 2020; Treichler et al., 2019). One of the advantages
of GMT may be that it has high face validity, as participants easily grasp its relevance to real-
life situations (Cameron et al., 2020). Compensatory interventions such as GMT may be more

attractive to certain service users, who do not wish to partake in repeated drill and practice
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exercises (Bryce et al., 2021). Another advantage is that GMT promotes agency by
encouraging participants to take control over their everyday challenges themselves, and the
group setting might encourage peer support (Bowie et al., 2020; Bryce et al., 2018). The
effect of GMT on wellbeing (self-efficacy, self-esteem, and quality of life), as well as clinical
symptoms, will be further explored in a fourth paper not included in this doctoral thesis. A
master’s thesis analyzing the data from the participants with a diagnosis in the schizophrenia
spectrum, found that GMT improved self-efficacy (Qie, 2021).

The findings from the present study show that GMT is an effective treatment for real-
life executive dysfunction in people with early schizophrenia spectrum disorders. The long
term consequences of cognitive remediation as an early intervention are yet to be determined
because studies of cognitive remediation in early schizophrenia and especially psychosis risk
continue to emerge (Frawley et al., 2021; Glenthgj et al., 2017). However, other forms of
early interventions have proven important for long-term functional outcomes — in particular
for persons who experience their first episode of psychosis in adolescence or in early
adulthood (Chen et al., 2019).

There is some indication that “the earlier, the better” is a valid assumption about
cognitive remediation for schizophrenia spectrum disorders (Barlati et al., 2013; Bowie et al.,
2014; Corbera et al., 2017; Deste et al., 2019). However, evidence is presently insufficient to
draw related conclusions. For example, in a recent review of participant characteristics as
moderators of cognitive remediation in schizophrenia, the results for age were inconsistent
(Seccomandi et al., 2020). Five studies reported that age was not a moderator of outcome,
three reported that younger participants benefited more, and four reported that older
participants experienced greater benefit from cognitive remediation (Seccomandi et al., 2020).
It is also difficult to separate the significance of age from that of education and duration of

illness. A recent comprehensive meta-analysis of cognitive remediation studies in
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schizophrenia found that participants who were older, suffered the most severe overall
cognitive impairments, and had lower daily life function, experienced the most benefit
following cognitive remediation (Vita et al., 2021). This finding implies that gains from
cognitive training in young people would be smaller. A meta-analysis of cognitive
remediation in first episode psychosis seems to support this supposition (Revell et al., 2015).
Nonetheless, it is important to contemplate that the majority of the studies to date have been
conducted among adults who have been ill for several years. The average age in the studies
included in the meta-analysis by Vita and colleagues (2021) was almost 37 years, and the
average duration on illness was close to 14 years. Few studies have directly compared the
effects of the same cognitive remediation across different age groups. One study among adults
found that younger participants experienced greater improvements in working memory
following cognitive remediation (Corbera et al., 2017). Another found support for greater
improvement in executive functions and real-world skills among participants early in the
course of illness after drill and strategy training (Bowie et al., 2014). A third found that
participants early in the course of illness showed greater improvement in clinical and
functional measures, but not in cognitive measures (Deste et al., 2019).

The present study adds to the evidence base for cognitive remediation as an early
intervention. The results for objective cognition and daily life function align with the smaller
effect sizes found in studies of cognitive remediation among people with a first episode of
schizophrenia (Revell et al., 2015). In the present study, age and education did not
significantly moderate the outcome of GMT.

As only 16 participants in the present sample had psychosis risk syndromes, a
subgroup analysis for the at-risk group was not performed. However, diagnosis did not
moderate the outcome of the trial, and results with and without at-risk participants remained

similar. Thus, GMT appears promising for psychosis risk syndromes, but it is presently
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impossible to draw conclusions. Evidence for improvements in cognition and daily life
function after cognitive remediation among people considered at risk of developing psychosis
remains scarce (Glenthgj et al., 2017). Not all trials have found significant improvements in
cognition, and few have investigated daily life function. However, early trials may have been
hampered by the inclusion of participants with heterogeneity in cognitive function (Allott et
al., 2022; Carruthers et al., 2019; Catalan, Salazar de Pablo, et al., 2021; Millman et al.,
2022). In addition, the earliest trials did not consistently include recommended core elements
of cognitive remediation such as active therapists, structured development of mental
strategies, and integration with psychosocial treatment (Bowie et al., 2020; Glenthgj et al.,
2017).

Importantly, even if the effects of cognitive remediation turn out to be relatively small
in young adults earlier in the course of illness, any preventative effect on loss of function
could have great impact over time. Although not always sustained, improvements in cognition
and function after cognitive remediation in schizophrenia can remain for up to a decade after
intervention (Buonocore et al., 2022). Moreover, evidence is mounting that cognitive
difficulties in schizophrenia increase from early childhood to first episode psychosis
(Sheffield et al., 2018). Interventions during early psychosis may preserve some executive
functioning, as this cognitive domain continues to develop throughout adolescence and early
adulthood (Carruthers et al., 2019; Freedman & Brown, 2011). GMT explicitly addresses
stressful real-life situations and, therefore, may protect against increasing stress during
adolescence and early adulthood due to increasing demands on executive functioning from the
surrounding environment (Zelazo, 2020). Further evidence from large-scale studies is
required, but there is some indication that cognitive remediation may help prevent the
development of psychosis among at-risk youth (Bechdolf et al., 2012). Although modest, the

results of the present study are encouraging because if future remediation of executive

73



function in early psychosis could contribute to improving function in this patient group, the

benefits to individuals, families, and society would be substantial.

Moderators of GMT

It is important to discover who benefits from cognitive remediation to improve
personalized rehabilitation and to avoid repeated experiences of treatment failure for both
patients and staff (Bowie et al., 2020; Cella et al., 2015; Wykes & Spaulding, 2011).
Knowledge of reliably replicated moderators of cognitive remediation from high quality
studies in schizophrenia is lacking (Seccomandi et al., 2020). Two potential moderators of
GMT were investigated in the present study to help guide clinicians in their treatment
recommendations: initial objective executive function and initial discrepancy between

subjective and objective executive function (Paper III).

Objective Executive Function

GMT was designed for individuals with executive dysfunction, and the manual uses
several pedagogical approaches (e.g., frequent repetition and a combination of practical,
visual, and verbal learning). Still, pronounced difficulties in executive components (e.g.,
working memory) could present obstacles to learning the GMT strategies (Cicerone et al.,
2019; Emmanouel et al., 2018). In the present study, objective executive function at baseline
did not predict the treatment effect of GMT on self-reported executive function in real-world
situations (BRIEF-A). This finding aligns with the literature on cognitive remediation in
schizophrenia. The latest and most comprehensive meta-analysis indicates that persons who
are older, have been ill for longer, and have greater cognitive and social dysfunction benefit
the most from remediation (Vita et al., 2021).

The finding in the present study is considered robust. Even though on average the

sample performed adequately on some of the executive tasks (e.g., the working memory task),
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some participants in the sample had below average performance. The result is nevertheless
encouraging, as people with schizophrenia have been found to have the most severe
impairments in executive function across the mental disorders in a recent umbrella review

(East-Richard et al., 2020).

Discrepancy Between Subjective and Subjective Executive Function

The discrepancy between subjective and objective cognition has problematic
associations in schizophrenia. Greater subjective cognitive complaints are associated with
greater self-reported depression, lower self-esteem, and more internalized stigma (Cella et al.,
2014; Raffard et al., 2020; Shin et al., 2016). Consequently, greater subjective executive
complaints than objective executive performance could be a challenge for engagement during
GMT. Participants with this pattern of scores may perhaps have difficulties recognizing
improvements after strategy use, due to negative thought patterns (Allott, Steele, et al., 2020;
Beck et al., 2018). Greater objective cognitive dysfunction than subjective cognitive
complaints is associated with poorer independent living skills and thought to reflect
inaccurate self-assessment or poor insight into cognitive impairments (Gould et al., 2015;
Harvey & Pinkham, 2015; Medalia et al., 2008; Silberstein & Harvey, 2019). In the context of
the present study, having greater objective executive dysfunction than subjective executive
complaints could present a challenge for engagement with treatment during GMT.
Participants with this pattern of scores may face difficulties in recognizing situations where
GMT strategies would be useful if they experience everyday situations as unproblematic.

The hypothesis that the discrepancy between subjective and objective executive
function in either direction would be an obstacle for GMT was only partially supported in the
present study (Paper III). GMT remained effective regardless of discrepancy, and no
interaction effect between treatment and discrepancy was found. Still, when exploring

subgroups of GMT participants, self-reported executive function improved significantly less
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among those with mostly objective executive dysfunction (stoicism) compared to participants
with both subjective and objective executive dysfunction. Participants with a discrepancy in
the other direction, with mostly subjective complaints combined with adequate performance
(sensitivity), improved as much as participants with both subjective and objective
dysfunction. In the present study, it seems that only discrepancy in the direction of more
objective than subjective executive function was an obstacle for GMT. However, the
subgroups in the present study were small, and caution should be exercised in interpreting the
findings. The results may mainly reflect that those with more initial subjective complaints had
more room for improvement, whereas those with few initial complaints experienced a floor
effect.

There is not much existing evidence of discrepancy as a moderator of cognitive
remediation in schizophrenia (Seccomandi et al., 2020). A recent review identified only two
studies exploring this question in the context of combined drill and strategy training. One
found that more subjective cognitive complaints, at baseline, were associated with greater
improvements in objective cognition following intervention (Twamley et al., 2011). The other
study found that participants with and without discrepancy between subjective and objective
cognition did not differ in attendance, satisfaction with the intervention, or self-reported
cognitive strategy use (Burton & Twamley, 2015). Since then, another cognitive remediation
trial in schizophrenia spectrum disorders has found that fewer subjective cognitive complaints
are not detrimental to outcome of cognitive remediation, but may influence motivation and
engagement during training (Saperstein et al., 2020). In a recent cognitive remediation trial in
psychosis risk, subjective cognition did not moderate outcome after drill and practice training
(Glenthgj et al., 2020). In sum, the evidence supporting the discrepancy between subjective

and objective cognition being an obstacle to cognitive remediation is scant. Nonetheless, it is
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a potential moderator worth pursuing to better understand the mechanisms of remediation

(Saperstein et al., 2020).

Predictors of Discrepancy Between Subjective and Objective Executive
Function

A substantial portion of individuals with schizophrenia have few cognitive complaints
despite poor performance on neuropsychological tasks, though the opposite pattern also
occurs (Harvey & Pinkham, 2015; Potvin et al., 2014). The present study used data from the
participants with a diagnosis in the schizophrenia spectrum to confirm that discrepancy
between subjective and objective measures also occurs in the executive domain (Paper I).
This is in line with existing evidence of low correlations between self-reports and
neuropsychological tasks of executive function from both healthy and clinical samples
(Toplak et al., 2013). The exception in the present study was in inhibition, where self-reports
were significantly correlated with test performance (r -.31). The discrepancy between
subjective and objective executive function occurred in both directions, with some
participants reporting more and others fewer subjective complaints than expected from their
performance on objective measures. Using a framework from research on affective disorders
allowed for the placing of discrepancy scores along a dimension showing that discrepancy
was a normally distributed phenomenon ranging from stoicism (poorer test scores, but few
subjective complaints) to sensitivity (many subjective complaints, but adequate performance;

Miskowiak et al., 2016).

Self-Efficacy

The discrepancy between subjective and objective executive function was primarily
explained by variations in self-efficacy: Participants who reported fewer executive difficulties

in everyday life than expected from their performance on objective measures (stoicism) were
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more likely to have positive self-efficacy beliefs. Participants who reported greater subjective
executive dysfunction despite better performance on objective tests (sensitivity) were more
likely to have negative self-efficacy beliefs.

The direction of the relationship between self-efficacy and discrepancy is unclear and
will require further investigation. Generally, self-efficacy breeds more self-efficacy: Persons
with positive self-efficacy beliefs are more likely to set more ambitious goals, sustain efforts
despite resistance, and interpret success as the result of their own effort (Bandura, 1977,
Bandura, 2011). People with negative self-efficacy beliefs, on the other hand, are less likely to
attempt ambitious tasks, more likely to give up when faced with challenges, and more likely
to attribute success to external factors (Bandura, 1977; Bandura, 2011). In schizophrenia, the
direction of relationships between self-efficacy, negative symptoms, cognition, and real-world
function are currently under debate (Beck et al., 2018; Chang et al., 2017). Positive self-
efficacy beliefs may lead to mastery experiences (Cardenas et al., 2013). Positive mastery
experiences may help individuals with schizophrenia compensate for their objective cognitive
dysfunction, in turn precipitating fewer subjective complaints. It is also possible that self-
efficacy remains high among individuals with avoidant coping strategies (Lysaker et al.,
2001). Such individuals are less likely to attempt challenging tasks. As a consequence, their
self-efficacy beliefs are perhaps rarely challenged. Both mechanisms may also co-exist among
individuals with schizophrenia.

The finding that self-efficacy predicts discrepancy between subjective and objective
executive function is an important contribution because previous research on discrepancy has
largely neglected the importance of psychological variables (Cella et al., 2014). It is also
important because self-efficacy has emerged as a potential mediator between cognition,
negative symptoms, and function, including in the context of cognitive remediation (Allott,

Steele, et al., 2020; Beck et al., 2018; Ventura et al., 2014; Wykes & Spaulding, 2011). A
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recent study exploring subjective cognition as a moderator of cognitive remediation measured
a construct similar to self-efficacy, namely perceived task competency (Saperstein et al.,
2020). Participants in that study with more subjective complaints were more likely to report
less task competency. These participants attended training sessions less frequently and,
therefore, took longer to complete the program. Less frequent attendance was interpreted as
signaling less engagement with the intervention. Given emerging knowledge, cognitive
remediation studies may need to consider both subjective cognition and self-efficacy to
improve treatment effects and avoid adverse effects (Bryce et al., 2018; Rose et al., 2008). A
fourth paper based on a recent master thesis (not included in the present doctoral thesis) will
explore change in self-efficacy following GMT and its relationship with the other outcomes of

the trial (Qie, 2021).

Symptoms of Psychosis

To date, results have been inconsistent in the investigation of the relationship between
symptoms of psychosis and the discrepancy between subjective and objective executive
function (Homayoun et al., 2011). A five factor consensus model of psychotic symptoms was
applied in the present study, distinguishing between positive, negative, disorganized,
depressive, and excited symptoms (Wallwork et al., 2012). Higher levels of disorganized
symptoms were expected to predict fewer executive difficulties in everyday life than expected
from performance on objective measures (Rodriguez-Jimenez et al., 2013; Ventura et al.,
2010). This hypothesis was supported in the present study. Disorganized symptoms were
particularly relevant in the assessment of inhibition, where it was the strongest predictor of
discrepancy. Few studies have examined the relationship between disorganized symptoms and
the subjective versus objective cognition discrepancy, but the finding is supported by one
study finding an association between an item of disorientation from PANSS and fewer

subjective cognitive complaints (Baliga et al., 2020). Disorganized symptoms have also been
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found to correlate with poorer performance on attentional tasks of inhibition similar to the
CPT used in the present study (Dominguez Mde et al., 2009). One likely interpretation of
these findings is that disorganized symptoms interfere with attention, impeding accurate self-
assessment of executive function.

Higher levels of depressive symptoms were expected to predict more subjective than
objective dysfunction similar to previous studies (Burton et al., 2016; Raffard et al., 2020;
Sellwood et al., 2013). Surprisingly, this hypothesis was not supported in the present study.
However, the present study differs from the previous studies in that depression was not self-
reported but rather scored by a clinician. Self-reported measures of depression may confound
clinical depression with emotional states (Moore & Fresco, 2012). Still, the level of
depressive symptoms among the participants in the sample of the present study was moderate,
leaving the possibility open that results would have differed if participants had suffered more
severe depression. Mild depression has previously been associated with realistic self-
evaluation rather than an underestimation of abilities in both healthy individuals and people

with schizophrenia (Harvey et al., 2017; Moore & Fresco, 2012).

Contributions to the Understanding of Discrepancy

The causal explanations behind the relatively large disassociation between subjective
and objective cognition in schizophrenia compared to healthy controls has not yet been fully
understood. It is thought that self-assessment of cognitive difficulties is somehow affected by
the disease for a portion of the patient population (Harvey & Pinkham, 2015). So far, the
phenomenon has not been consistently related to insight into psychotic illness or the severity
of psychotic symptoms (Homayoun et al., 2011). Mediational analysis appears able to
elucidate some of the conflicting findings, showing that symptoms are differently associated
with discrepancy depending on insight into psychotic symptoms (Santarelli et al., 2020). It

has been suggested that a lack of subjective cognitive complaints accompanying objective
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dysfunction is a sign of more severe pre-frontal dysfunction. However, an attempt to explain
the discrepancy between subjective and objective cognition as an expression of more severe
executive dysfunction was not successful (Burton et al., 2016). A promising avenue to further
knowledge is the study of the relationships between discrepancy and metacognition (Lysaker
etal., 2021).

The present study shows that discrepancy relates to self-appraisal more broadly,
because of the association with perceived self-efficacy. Similar discrepancies between self-
evaluation and objective measures have been observed in other domains, including social
cognition and functional capacity (Olsson et al., 2019; Silberstein & Harvey, 2019; Silberstein
et al., 2018). The association with disorganized symptoms should be further explored, as it
may also support the notion that being less aware of cognitive difficulties is somehow an
expression of illness. Nonetheless, the present study also shows that discrepancy should be
viewed as a dimensional phenomenon and that there is great heterogeneity in discrepancy
among individuals with schizophrenia. Causal explanations might therefore also differ

between individuals.

Generalization of Findings

The sample in the present study is thought to be representative of the help-seeking
population in early intervention for psychosis — at least in countries with a similar
socioeconomic context to that of Norway. The gender balance in the sample reflects the
incidence of schizophrenia in late adolescence and young adulthood, with slightly more males
than females. The sample was young, with a mean age of 25 and largely consisting of people
16-35 years old. The use and dosage of antipsychotic drugs here was similar to that in other
cognitive remediation studies (Lejeune et al., 2021; Vita et al., 2021). Treatment as usual in

the Norwegian public health system is in line with recommendations in other Western
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countries (American Psychiatric Association, 2021a; National Institute for Health and Care
Excellence, 2013). Participants lived in both rural and more urban areas. The RCT was
conducted in a clinical setting, and its results should be generalizable to people receiving
treatment for early psychosis (Flather et al., 2006). The results from the present study can also
be generalized to adults in mid-life, as GMT has already been used with individuals with
treatment resistant schizophrenia in combination with occupational therapy (Vizzotto et al.,
2021). GMT will likely be effective regardless of age and duration of illness. The cognitive
heterogeneity of the sample, though a limitation for the present study, is likely not a problem
for the generalization of the findings. If anything, the treatment effects of GMT may be
greater for individuals with greater executive dysfunction (Carruthers et al., 2019; Vita et al.,
2021). However, the optimal amount of therapist support between sessions must be
determined.

There are challenges in comparing the effects of GMT with existing cognitive
remediation programs for people with schizophrenia or psychosis risk. GMT may have both
restorative and compensatory effects, but it differs from existing restorative and compensatory
approaches in important ways (Chung et al., 2013). GMT varies from the most used drill and
strategy programs in schizophrenia in that it offers a metacognitive strategy for everyday
situations. As a result, the literature on effects and moderators of existing cognitive
remediation programs for schizophrenia may only partially apply to GMT. For example, the
greatest effects of GMT were seen in subjective executive function, whereas in other studies
subjective cognition has not been found to improve even if objective cognition improves after
drill and strategy training (Saperstein et al., 2020; Treichler et al., 2019). Thus, GMT may
have different mechanisms and affect different outcomes than drill and strategy training.
Comparing GMT to the literature on compensatory remediation may also present problems, as

this category is wide and contains both mental strategies, practical aids, and adaptations of the
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surroundings (Allott, van-der-El, et al., 2020). On its own, metacognitive strategy training is
not widespread in studies of cognitive remediation in schizophrenia. Therefore it is difficult to
find equivalent interventions to GMT for comparison within the same patient population.
Further knowledge is necessary concerning the mechanisms in GMT and the most appropriate

outcome measures.

Implications

Clinical Implications

The present study carries important clinical implications for the assessment and
treatment of executive function among people with early schizophrenia spectrum disorders
and psychosis risk syndromes. Metacognitive strategy training may be added to the treatment
of schizophrenia spectrum disorders to improve real-world executive function (Vizzotto et al.,
2021). GMT can be expected to provide clinically reliable and lasting improvement in
subjective executive functioning for a majority of the patients with these disorders, especially
if they have self-reported complaints of executive dysfunction. The improvement of
subjective executive functioning, such as self-monitoring, planning, and initiation of
activities, may positively impact adherence to treatment for psychosis. GMT could improve
objective executive function and daily-life function, but may require therapist support in
naturalistic tasks to achieve this improvement (Vizzotto et al., 2021). Moreover, GMT should
be integrated into psychiatric rehabilitation (Vita et al., 2021). Because GMT can be
administered in groups in nine sessions, it is a feasible, cost-effective intervention that is both
theoretically sound and empirically supported (Stamenova & Levine, 2018). The manualized
format eases implementation in clinical settings. GMT shows promise as an intervention for
people with psychosis risk syndromes, but further evidence is required before a

recommendation can be made for this patient population. Although adverse effects were not
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measured systematically, few individuals reported adverse effects, suggesting that the
intervention is safe.

More severe objective executive dysfunction should not prevent patients from
participating in GMT, as it appears to not be an obstacle for successful strategy training. It is
encouraging that objective executive dysfunction was not an obstacle for metacognitive
strategy training in the present study because schizophrenia is associated with the most severe
objective executive dysfunction of all the mental disorders (East-Richard et al., 2020).

Further research is needed before GMT can be recommended for persons with poor
neuropsychological executive performance in the absence of subjective executive complaints.

Measures of subjective executive function should be included in cognitive assessment
in psychosis (Bulzacka et al., 2013; Van Aken et al., 2022). The BRIEF questionnaire that can
be administered to patients, family members, and teachers is sensitive to executive
dysfunction in at-risk youth before the development of psychotic symptoms (Niendam et al.,
2007). In the case of discrepancy between subjective and objective measures of executive
function, a simultaneous assessment of symptoms of psychosis and self-efficacy may assist in
understanding variations. In the clinic, the discrepancy between subjective and objective
measures can offer a good starting point for conversations about executive function in real-
world situations. Understanding and reducing the discrepancy between subjective and
objective cognition may be important, since discrepancy in either direction is associated with
worse outcomes in schizophrenia (Gould et al., 2015; Harvey & Pinkham, 2015; Shin et al.,
2016). Efforts to improve awareness of cognitive difficulties should take care not to diminish
self-efficacy, because it is important for wellbeing in severe mental illness (Bryce et al., 2018;
Cella et al., 2014; Cella & Wykes, 2019; Gleeson et al., 2020; Hansson, 2006; Rose et al.,

2008).
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Implications for Future Research

Future studies of GMT in psychosis should investigate the potential to extend the
impact to daily function. To design the most cost-efficient GMT intervention for psychosis, it
will be necessary to discern how much between-session support is required to achieve durable
changes in function, similar to those found when combining GMT and occupational therapy
(Vizzotto et al., 2021). In addition, future studies should assess the duration of treatment
effects from GMT beyond six months (Stamenova & Levine, 2018; Tornas et al., 2019). More
studies could also assess metacognitive strategy training alone to better understand the
contributions of the different components in cognitive remediation (Cella & Wykes, 2019;
Wykes et al., 2011).

Since difficulties in executive function appear early in the development of psychosis
and correlates strongly with role-function, metacognitive strategy training such as GMT may
improve the prognosis for at-risk individuals (Guo et al., 2020; Squarcina et al., 2022).
However, a larger sample of participants with psychosis risk syndromes is needed to fully
assess the efficacy of GMT in this group. This is particularly important, as evidence for
cognitive remediation in psychosis risk remains scarce and as the efficacy of standalone
metacognitive strategy training does not appear to have been investigated (Glenthgj et al.,
2017). Moreover, identifying the relevant subgroup of at-risk youth with executive difficulties
will allow for targeted intervention (Allott et al., 2022).

The challenges in deciding the precise role of executive function to prognosis in
schizophrenia may in part be attributed to varying methodology between studies (Haywood &
Baughman, 2021; Hwang et al., 2019). The findings from the present study underline the
importance of comprehensive assessment of executive function, covering several components
and levels of measurement (Freedman & Brown, 2011; Hwang et al., 2019; Van Aken et al.,

2022). To detect relevant treatment effects, future research on the cognitive remediation of
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executive function in schizophrenia may benefit from the use of naturalistic or virtual
observation (Levaux et al., 2012; Levine et al., 2000; Tyburski et al., 2021). Cognitive
remediation studies may benefit from applying the Goal Attainment Scale as an outcome
measure of progress on individual goals of everyday functioning (Ashford & Turner-Stokes,
2006; Wykes et al., 2018).

A significant contribution to the study of discrepancy between subjective and
objective cognition is the adaptation of the Stoicism-Sensitivity framework, which allows for
discrepancy to be assessed as a continuum (Miskowiak et al., 2016). Future studies on the
discrepancy between subjective and objective cognition can benefit from the inclusion of
psychological measures such as self-efficacy (Cella et al., 2014). The role of symptoms of
psychosis should be expanded to encompass disorganized symptoms, and the research
literature must distinguish between self-reported and clinician-rated symptoms (Dibben et al.,

2009; Moore & Fresco, 2012).

Strengths and Weaknesses

Study Design and Methodology

The pre-registered, randomized design with masked conditions and the adherence to
CONSORT guidelines for parallel group trials are considered strengths of the present study
(Schulz et al., 2010). The study also uses a comprehensive test battery covering several
aspects of executive function. However, systematic observation of familiar and novel real-life
tasks might hold the key to unlocking the real potential of GMT (Levaux et al., 2012; Levine
et al., 2000). Alternatively, naturalistic role-playing or virtual reality tasks offer standardized
procedures to assess interacting executive functions in novel situations (Tyburski et al., 2021).
The Goal Attainment Scale was originally pre-registered as an outcome measure of the trial,
but was incorporated into the GMT manually for the treatment group only. This instrument

has the advantage of measuring individual rehabilitation goals (Ashford & Turner-Stokes,
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2006; Wykes et al., 2018). The scale was not used as a masked outcome, but several
participants indicated improvement in their chosen activities as the training progressed. In
addition, new task paradigms may have provided better specificity in separating out
components of executive function (Barch et al., 2009).

The sample is well balanced in terms of gender, and it resembles other samples in
cognitive remediation studies in the severity of psychotic symptoms and dosage of anti-
psychotic medication (Vita et al., 2021). Ideally, a more balanced sample with regards to
diagnosis and risk syndromes would have enabled the study to better conclude on the efficacy
of GMT among at-risk participants.

Statistical power in the present study is sufficient to assess the efficacy of GMT on the
primary outcome measure for subjective executive function (BRIEF-A), but a larger sample
size might have yielded different results for other outcomes and moderators. Power-analysis
for the other primary outcome measure for objective executive function (CPT3) was not
performed a priori. The secondary outcome measures are considered exploratory, as this is the
first study of GMT in early intervention for psychosis. The study combines an intervention
originally developed for rehabilitation after traumatic brain injury with measures of functional
capacity and daily life function developed for people with serious mental illness. Therefore,
there was less existing literature on the basis of which to form predictions. The moderation
analysis is also exploratory, and no power-calculations were performed for moderation. The
analysis of discrepancy clusters needs replication, as clusters are small and thus the influence
of individual trajectories may be exaggerated.

Heterogeneity in executive function in the sample may have obscured treatment effects
and made moderating effects more difficult to interpret (Carruthers et al., 2019). In line with
existing evidence from studies of first-episode psychosis and adults with schizophrenia, the

participants in the present study showed significantly poorer executive function than did
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healthy controls measured with self-reports (Bulzacka et al., 2013; Van Aken et al., 2022). On
neuropsychological tasks, participants showed significantly lower mean scores than did
normative samples on certain measures of inhibition and shifting, but not working memory
nor planning. Thus, working memory performance was better compared to other studies with
persons who had experienced their first episode of psychosis (Mesholam-Gately et al., 2009).
Cognitive heterogeneity is perhaps exacerbated because the at-risk participants in the study
may include both persons who will never experience a psychotic episode and participants who
will (Catalan, Salazar de Pablo, et al., 2021; Millman et al., 2022). A recent study of
trajectories on cognition among people at risk of psychosis found a subgroup of individuals
with stable executive dysfunction over time, perhaps more likely to benefit from targeted
intervention (Allott et al., 2022). Thus, to increase the certainty of detecting a treatment effect
with neuropsychological tests, objective executive dysfunction could have been an inclusion
criteria in the present study, and a larger sample size would have allowed the study to better
account for heterogeneity.

Missing questionnaire data post-intervention and at follow-up is considered the main
weakness of the study. No significant differences were found between those who completed
one, two, or three questionnaires in demographical, clinical, or cognitive variables. This
supports the assumption that data is missing at random due to logistical reasons, and it
reduces the chance of bias. Mixed-model analysis is considered robust under the assumption

that data is missing at random (Schielzeth et al., 2020).

Ethical Concerns

Several ethical challenges arise in research where participants are selected due to their
experiences with psychotic symptoms. Among them are challenges with diagnosing
participants with mental disorders who perhaps do not consider themselves ill (Hofmann,

2001). Moreover, the label of “risk of psychosis” may have adverse effects, such as futile
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diagnosis or treatment, self-stigma, increased anxiety, or change in self-perception (Hofmann,
2019; Mittal et al., 2015; Sisti & Calkins, 2016). It is important to consider that individuals at
risk of psychosis are usually discovered because they approach mental health services due to
distress, even if they do not perceive that the distress as related to the at-risk syndromes
(Falkenberg et al., 2015). Early detection offers access to treatment for the distressing
symptoms, lowering the risk of psychosis. When accurate information about conversion rates
and preventative measures is given, the at-risk label is perceived as hopeful rather than
problematic (Corcoran, 2016). Participants in the present study are help-seeking individuals
who have already received assessment and treatment for psychotic experiences by mental
health professionals. GMT had little drop-out and few adverse effects, making it a safe
intervention with the potential to protect against worse prognosis by preserving role-function

(Cornblatt et al., 2003).
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Conclusions

The first RCT of Goal Management Training (GMT) in people recently diagnosed
with schizophrenia spectrum disorders or psychosis risk syndromes found clinically reliable
improvement in subjective executive function in everyday situations following GMT. GMT
may be recommended for persons with early schizophrenia regardless of the severity of
objective executive dysfunction. People with schizophrenia who have more self-efficacy and
more severe disorganized psychotic symptoms may be more likely to have a pattern of poor
executive task performance, coupled with few subjectively experienced executive difficulties.
This pattern of scores may represent an obstacle for GMT, but more evidence is needed to

support this finding.
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This study aimed to investigate what characterizes individuals with schizophrenia who experience more or less
subjective executive dysfunction in everyday life compared to objective executive performance on neuropsy-
chological tests.

Sixty-six participants with broad schizophrenia spectrum disorders completed a comprehensive assessment of
executive function. Discrepancies between performance on neuropsychological tests (objective) and an extensive
self-report questionnaire (subjective) of central executive functions (inhibition, shifting and working memory)
were calculated. Higher level of self-efficacy was the best predictor of experiencing fewer subjective cognitive
complaints compared to objective performance, followed by higher levels of disorganized symptoms. Depressive
symptoms did not predict discrepancy between subjective and objective executive function. Higher estimated IQ
predicted greater subjective working memory difficulties in everyday life despite better objective performance.

Results may aid clinicians in the assessment and remediation of cognitive impairment. Low self-efficacy may
identify individuals who are not able to utilize their potential executive functions in daily life. Interventions
aimed at fostering self-efficacy ought to be included in cognitive remediation for these individuals. Disorganized
symptoms could prove useful in identifying individuals who are in need of cognitive remediation for executive
dysfunction, despite that they overestimate their skills. These individuals may benefit from efforts to increase

insight into cognitive dysfunction.

1. Introduction

Executive functions are among the most severely impaired cognitive
functions in schizophrenia (East-Richard et al., 2020; Snyder et al.,
2015). Deficits on both objective and subjective measures of executive
functions such as inhibition, shifting and working memory have been
reported (Bulzacka et al., 2013; Forbes et al., 2009; Garlinghouse et al.,
2010; Laere et al., 2018; Westerhausen et al., 2011). Executive functions
are also important predictors of functional outcome (Green, 1996;
McGurk and Mueser, 2006), underlining the need for assessment of these
functions.

Executive functions are challenging to assess because they are
considered separate, but interacting cognitive functions (Friedman and
Miyake, 2017). Neuropsychological tests may therefore lack the speci-
ficity needed to isolate components of executive functions (Snyder et al.,

2015). On the other hand, executive functions are especially required
during novel, complex situations. As a consequence neuropsychological
tests may also fail to generalize to everyday situations because of their
structured nature (Sbordone, 2014).

One way of addressing these challenges may be to combine tasks
aimed at central components of executive functions with subjective
assessment of real-world functioning in domains thought to reflect the
same underlying components. However, diverging scores have been
observed on objective (neuropsychological tests) and subjective mea-
sures (self-report questionnaires) across both healthy samples and clin-
ical samples with neurological or psychiatric disorders (Toplak et al.,
2013). One explanation for this is that despite measuring the same un-
derlying constructs, objective measures are thought to capture skills,
while subjective measures capture the application of these skills in the
real-world context (Gioia et al., 2010; McAuley et al., 2010). Subjective
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measures on the other hand provide valuable information about
everyday experience, but may be confounded by emotional states
(Shwartz et al., 2020).

Research on the discrepancy between subjective and objective ex-
ecutive function in schizophrenia is limited, but studies on cognition in
general have found the associations between subjective and objective
measures to be weaker among individuals with schizophrenia than
among healthy individuals (Medalia et al., 2008; Potvin et al., 2014). It
has been suggested that co-morbid symptoms and lack of insight into
cognitive impairment biases subjective cognitive assessment for a sub-
stantial portion of individuals with schizophrenia (Burton et al., 2016;
Harvey and Pinkham, 2015; Raffard et al., 2020). Overestimation of
cognition is problematic because it is associated with poorer functional
outcomes (Gould et al., 2015). Similarly, overestimation of social
cognition is related to poorer social function (Silberstein et al., 2018).
Underestimation of skills is also problematic if lack of confidence leads
to avoidance of activities (Silberstein and Harvey, 2019). Furthermore,
subjective cognitive complaints are related to internalized stigma and
poorer quality of life among persons with schizophrenia (Shin et al.,
2016).

A novel method, the Stoicism-Sensitivity framework (Miskowiak
et al., 2016) previously used in studies on bipolar and depressive dis-
orders, may prove useful in quantifying the degree and direction of
discrepancy between subjective and objective executive function. By
comparing rankings on subjective and objective measures it is possible
to view discrepancy as a bidirectional phenomenon ranging from stoi-
cism (less subjective complaints relative to objective performance) to
sensitivity (more subjective complaints relative to objective perfor-
mance). Fig. 1 is an illustration of the framework where discrepancy
scores fall along a scale ranging from —10 to +10.

Since discrepancy between subjective and objective measures have
been observed in many aspects of cognition and function in schizo-
phrenia, the Stoicism-Sensitivity framework may offer a standardized
way to study discrepancy. One advantage of the Stoicism-Sensitivity
framework is that it quantifies both under- and overestimation along
the same dimension. By using continuous values, the framework avoids
having to establish cut-off points for distinct categories. Instead, par-
ticipants are assigned individual scores for degree of stoicism or sensi-
tivity relative to the sample. In addition, the framework avoids simply
using high levels of subjective complaints as a proxy for accurate self-
assessment.

Positive and negative symptoms are the most researched predictors
of the discrepancy between subjective and objective cognition in
schizophrenia, but results have been mixed (Homayoun et al., 2011;
Potvin et al., 2014). New insight into the predictive value of psychotic
symptoms could perhaps be gained by looking at a broader spectrum of
psychotic symptoms. Wallwork et al.’s (2012) five factor consensus
model of the Positive and Negative Syndrome Scale (PANSS) could
prove optimal for this purpose. The model distinguishes between
excited, disorganized and depressive symptoms in addition to positive
and negative symptoms. Disorganized symptoms are particularly inter-
esting in this regard as they share a stronger relationship with cognition

-10
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than positive symptoms (Rodriguez-Jimenez et al., 2013; Ventura et al.,
2010). Furthermore, depressive symptoms have been associated with
more subjective cognitive complaints among persons with schizophrenia
(Burton et al., 2016; Raffard et al., 2020; Sellwood et al., 2013).

Less attention has been paid to psychological mechanisms as pre-
dictors of the relationship between subjective and objective cognition
(Cella et al., 2014). One such psychological mechanism that may have
predictive value for the subjective-objective cognition discrepancy is
self-efficacy. Self-efficacy is beliefs in one’s capability of the behaviors
needed to produce a desired outcome (Bandura, 1977). Higher self-
efficacy increases motivation for, and effort in, the application of
skills. People high in self-efficacy tend to set goals that are more ambi-
tious, exert more effort and be more persistent in the face of difficulty. In
contrast, people low in self-efficacy make fewer attempts and give up
more easily (Bandura, 1977; Bandura, 2011). Self-efficacy is increas-
ingly being recognized as an important factor in the relationship be-
tween cognition, negative symptoms and real-world functioning in
schizophrenia (Allott et al., 2020; Ventura et al., 2014). Because of self-
efficacy’s relationship with motivation and effort, it has potential as an
explanatory variable for the gap between objectively measured capac-
ities and subjectively reported functioning.

The aim of the current study was to investigate potential predictors
of the discrepancy between subjective and objective executive
dysfunction, in persons with schizophrenia. Using the abovementioned
Stoicism-Sensitivity framework, the degree and direction of the
discrepancy between subjective and objective executive dysfunction was
quantified (Miskowiak et al., 2016; Petersen et al., 2019). We used self-
efficacy and a five-factor model of psychotic symptoms as predictors.
Because experience with being integrated into society has shown to
improve correlations between self-assessment and function in schizo-
phrenia, outcomes were checked against age, current participation in
school or work and level of education completed (Harvey and Pinkham,
2015; Olsson et al., 2019). Other potential confounds that have been
seen to influence self-assessment in other contexts were also controlled
for including gender, estimated general intellectual ability, diagnosis
and overall symptoms (Harvey and Pinkham, 2015; Olsson et al., 2015).
We hypothesized that:

e Higher levels of self-efficacy predict lower subjective than objective
dysfunction

e More disorganized symptoms predict lower subjective than objective
dysfunction

e Greater depressive symptoms predict higher subjective than objective
dysfunction

2. Methods
2.1. Participants
The sample (n = 66, 40 males and 26 females, aged 16-44 years, M =

25.53, SD = 6.56) consisted of individuals participating in a randomized
controlled trial evaluating the effects of cognitive remediation targeting
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Fig. 1. The Stoicism-Sensitivity framework.
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Table 1
Demographical and clinical characteristics (n = 66).

Participant characteristic Frequency Mean SD SE

Gender
Female 26 (39.39%)

Male 40 (60.61%)

Age 25.53 6.55 0.81
Age females 25.38 5.99 1.17
Age males 25.62 6.96 1.10

Education in years 12.83 1.81 0.22

Estimated 1Q" 99.43 13.29 1.81

Diagnosis (DSM-IV)”

Schizophrenia 30 (45.50%)
Schizoaffective disorder 14 (21.20%)
Schizophreniform disorder 6 (9.10%)
Psychotic disorder NOS® 15 (22.7%)
Delusional disorder 1 (1.50%)

Duration of untreated psychosis (weeks) 219.38 209.77 25.82

Hospitalizations 3.28 5.07 0.63

Months in hospital 5.75 8.15 1.01

Symptoms: Total scores’

Psychosis — positive 11.97 3.37 0.42
Psychosis — negative 15.43 4.87 0.61
Psychosis — disorganized 7.15 1.85 0.23
Psychosis — depressive 10.38 2.83 0.35
Psychosis — excited 8.62 2.56 0.32

Summed 53.55 8.91 1.11

Positive, disorganized and excited 27.74 6.00 0.74

Depressive and negative 25.82 5.99 0.74

Symptoms: Mean scores
Psychosis — positive 2.99 0.84 0.10
Psychosis — negative 2.57 0.81 0.10
Psychosis — disorganized 2.38 0.62 0.08
Psychosis — depressive 3.46 0.94 0.12
Psychosis — excited 2.15 0.64 0.08

Drug therapy 51 (77.30%)

DDD* antipsychotics 0.672 0.75 0.09
DDD antidepressants 0.491 0.87 0.11
DDD mood stabilizers 0.143 0.47 0.06
DDD cns' stimulants 0.025 0.15 0.02
DDD anxiolytics AH® 0.015 0.09 0.01
DDD anxiolytics BZ" 0.073 0.28 0.03
DDD sedatives AH 0.045 0.24 0.03
DDD sedatives BZ 0.131 0.38 0.05

@ 1Q was estimated from two subtest of Wechsler Abbreviated Scale of Intelligence (WASI): Vocabulary and Matrix Reasoning. The normative mean of estimated IQ is

100 (SD = 15).

b According to the criteria in the Diagnostic and statistical manual of mental disorders, DSM-IV-TR (American Psychiatric Association, 2000).

¢ NOS = Not otherwise specified.

4 Summed scores for the items considered part of the five-factor consensus model (Wallwork et al., 2012). Scores on the Positive and Negative Syndrome Scale
(PANSS) range from 1 “missing” to 7 “extreme,” 4 is considered psychotic threshold for delusions and hallucinations.

¢ DDD = Defined daily dose.

£ cns = central nervous system.
& AH = antihistamines.

h BZ = benzodiazepines.

executive dysfunction (clinical.trials.gov: NCT03048695). The data
presented are from the baseline assessment. Participants were recruited
among patients referred for treatment of psychosis at Innlandet Hospital
in Norway. The inclusion criteria were age 16 to 69 years, symptoms of
broad schizophrenia spectrum disorder and self-reported executive
dysfunction according to The Behavior Rating Inventory of Executive
Function - Adult version, BRIEF-A (Roth and Gioia, 2005). In the Nor-
wegian cultural context healthy participants score lower than U.S.
norms, so a total score > T55 was considered clinically relevant (Lgvstad
et al., 2016). Exclusion criteria included comorbid neurological condi-
tions, ongoing alcohol or substance abuse, intellectual impairment (IQ
< 70) and treatment for psychosis for longer than five years. The study
was approved by an ethics committee (The Regional Committee for
Medical and Health Research Ethics of South-Eastern Norway, applica-
tion no 2015/2118) and participants gave informed consent. See Table 1
for further description of participants.

2.2. Procedure

Diagnostic assessment was conducted by a clinical psychologist ac-
cording to the criteria in the Diagnostic and Statistical Manual of Mental
Disorders, DSM-IV-TR (American Psychiatric Association, 2000).
Cognitive assessments and symptom ratings were undertaken by the
same clinical psychologist or one of two trained psychiatric nurses.
Training for the clinical assessment was provided by a specialist in
psychiatry and for the cognitive assessment by a specialist in
neuropsychology.

2.3. Objective cognitive measures
Inhibition was assessed using the age normed scaled score for time

spent on Color-Word Interference Test condition three (Color-Word 3)
from the Delis-Kaplan Executive Function System (D-KEFS) (Delis et al.,
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2001). The age normed T-score for commission errors from Conners
Continuous Performance Test 3rd edition (CPT3) was converted to the
same numerical scale as the other objective tests and combined with
Color-Word 3 to make an inhibition domain score (Conners, 2014).
Shifting was measured by averaging the scaled scores for time spent on
condition four of the Color-Word Interference Test (Color-Word 4) and
condition four of the Trail Making Test from D-KEFS (Delis et al., 2001).
Working memory was assessed by averaging the age normed scaled
scores from the Digit Span and Letter-Number Sequencing subtests in the
Wechsler Adult Intelligence Scale — 4th edition, WAIS-IV (Wechsler,
2008). The domain scores were combined to create a mean score for
objective executive function in concordance with current models of
separate, but interacting executive components (Friedman and Miyake,
2017).

2.4. Subjective cognitive measures

Subjective executive function was measured with the 75-item ques-
tionnaire Behavior Rating Inventory of Executive Function - Adult
version, BRIEF-A, (Roth and Gioia, 2005). The subscales Inhibit,
Working Memory and Shift were selected because of their theorized
conceptual overlap with the corresponding neuropsychological tests.
The subscales had adequate Cronbach’s Alpha scores showing good in-
ternal consistency: Inhibit (a .79), Shift (« .71) and Working Memory (o
.71). The T-scores on the three subscales were averaged to create a total
subjective executive functioning measure.

2.5. Predictor variables

Self-efficacy was assessed with the ten-item questionnaire General
Perceived Self-Efficacy Scale (Schwarzer and Jerusalem, 1995). The
scale’s unidimensional factor structure, test-retest reliability and cor-
relations with theoretically related concepts have been confirmed across
cultures (Luszczynska et al., 2005; Scholz et al., 2002). High test-retest
reliability and good internal consistency has also been found when
employing the scale in schizophrenia (Chiu and Tsang, 2004). In the
current study, the Cronbach « coefficient for the scale was « .85, indi-
cating good internal consistency.

Symptoms of psychosis at the time of testing were assessed with the
Structured Clinical Interview for the Positive and Negative Syndrome
Scale for Schizophrenia, the SCI-PANSS (Kay et al., 1987). We grouped
the symptoms according to a five-factor consensus model yielding a total
score for positive, negative, disorganized, depressive and expressive
symptoms (Wallwork et al., 2012). In the current study, the Cronbach
alpha coefficients were a .65 for the positive symptoms subscale, o .86
for the negative symptoms subscale, a .59 for the disorganized symp-
toms subscale, « .54 for the depressive symptoms subscale and « .68 for
the expressive symptoms subscale.

2.6. Variables controlled for

Significant predictors were checked against the effects of gender and
general intellectual ability (IQ). IQ was estimated with Vocabulary and
Matrix Reasoning from Wechsler Abbreviated Scale of Intelligence
(WASI) (Wechsler, 1999). To assess the influence of amount of life-
experience with challenging situations we used the variables age,
years of education, education level completed (0 - not completed
elementary school, 1 - completed elementary school, 2 - started sec-
ondary school, 3 - completed secondary school, 4 - started higher edu-
cation, 5 - completed higher education) and occupational status.
Occupational status was scored using the same criteria as the Social
Functioning Scale (Birchwood et al., 1990): ranging from 10 for full-
time work or study, via part-time and supported work placements to
0 if the participant had not worked in more than two years, was not
actively job seeking and considered that working would be impossible.
To check for the influence of remission status we entered summed

Schizophrenia Research: Cognition 26 (2021) 100201

symptoms on all five symptom groups from PANSS, as well as summed
scores for positive, disorganized and excited symptoms and summed
scores for depressive and negative symptoms (Wallwork et al., 2012).
The other clinical variables controlled for were diagnosis, duration of
untreated psychosis, number of hospitalizations, months spent in hos-
pital and antipsychotic drug treatment.

2.7. Data analysis

We applied the Stoicism-Sensitivity framework previously used in
studies on affective disorders (Miskowiak et al., 2016; Petersen et al.,
2019). Assuming that accurate assessment would lead to a similar
ranking on both measures, the objective rank was subtracted from the
subjective rank in the inhibition, shifting and working memory domains,
as well as for the combined total executive functioning score. The dif-
ferences in ranking were then transformed into a stoicism-sensitivity
score by using the following formula:

(NeWmax — NeWnin)

(X — Oldpax ) + NeWpax
(Oldm;\x - Oldmm) ( ) + v

The scores fell along a scale ranging from —10 (maximum stoicism:
least subjective complaints relative to objective performance) to 10
(maximum sensitivity: most subjective complaints relative to objective
performance).

Multiple linear regression analysis was used to investigate predictors
of sensitivity and stoicism. Analyses were performed using SPSS Statis-
tics, version 26. Data were assumed to be missing at random and dealt
with in a pairwise fashion. The Kolmogorov-Smirnov test was significant
for disorganized symptoms D (65) = 0.149, p = .001, depressive
symptoms D (65) = 0.147, p = .001 and self-efficacy D (56) = 0.152,p =
.003, indicating deviation from the normal distribution of scores. Bias-
corrected and accelerated bootstrapping was performed to ensure a
robust analysis. Significant predictors were retained and separate linear
regressions were run with each control variable to check for potential
influence.

Table 2
Scores on measures of executive function.
Variable Mean SD SE r Sig.
Total objective executive functioning” 8.37 2.06 0.26
Total subjective executive functioning”  62.27 9.37 122 -10 .480
Objective inhibition
Color-Word 3 inhibition 7.76 335 0.42
CPT3 commissions 57.15 10.91 1.35
Subjective inhibition -.35 .009
BRIEF-A inhibit subscale 56.68 12.16 1.61
Objective shifting 721 355  0.44
Trail making test 4 6.53 3.98 0.52
Color-Word 4 switching 7.60 3.74 047
Subjective shifting -13 .337
BRIEF-A shift subscale 62.64 11.33  1.49
Objective working memory 9.72 235 0.29
Digit span 9.79 258 0.33
Letter-number sequencing 9.69 275 035
Subjective working memory —.05 724

BRIEF-A working memory subscale 67.14 10.64 1.40

Note: Correlations are Pearson’s correlations between objective and subjective
domains. Bold values are significant at the p < .05 level in a two-tailed test. The
only significant correlation detected was between greater subjective complaints
of inhibition and lower scores on the tasks for objective inhibition, r — .35, p
.009.

@ Objective scores derived from normed scaled scores in the D-KEFS and WAIS-
IV all have a mean of 10 (SD = 3). Higher scores indicate better performance.
CPT3 T-scores have a mean of 50 (SD = 10). CPT3 scores were converted to the
same scale as the other objective scores before combining them.

b Subjective scores are based on normed BRIEF-A T-scores with a mean of 50
(SD = 10). Higher scores indicate greater dysfunction.
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Table 4
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Linear model of predictors of stoicism and sensitivity in executive dysfunction with 95% bias corrected and accelerated confidence intervals reported in brackets.

Confidence intervals and standard errors based on 1000 bootstrap samples.

Linear models B SEB p Sig. r?
Total executive function
Model 1 .27
Constant 11.55 2.97
Self-efficacy —0.52 [-0.73, —0.27] 0.12 —0.52 .001
Model 2 .38
Constant 14.73 5.06
Self-efficacy —0.46 [-0.70, —0.19] 0.13 —0.47 .003
Disorganized symptoms —0.79 [-1.38, —0.16] 0.31 -0.29 .013
Depressive symptoms 0.11 [-0.33, 0.50] 0.21 0.06 .598
Positive symptoms 0.10 [0.68, —0.34] 0.24 0.07 .679
Negative symptoms —0.14 [-0.39, —0.08] 0.13 —0.14 274
Excited symptoms 0.11 [-0.39, 0.59] 0.24 0.06 .642
Inhibition
Model 1 .08
Constant 6.19 2.78
Self-efficacy —0.26 [-0.46, —0.03] 0.11 —0.28 .019
Model 2 .29
Constant 16.29 5.21
Self-efficacy —0.23 [-0.45, 0.01] 0.12 —0.24 .057
Disorganized symptoms —1.07 [-1.78, —0.50] 0.35 —0.42 .007
Depressive symptoms —0.07 [-0.56, 0.35] 0.21 —0.05 .745
Positive symptoms 0.17 [-0.23, 0.64] 0.22 0.13 429
Negative symptoms —0.16 [-0.38, 0.07] 0.13 -0.17 .198
Excited symptoms —0.23 [-0.76, 0.45] 0.26 -0.13 .351
Shifting
Model 1 .28
Constant 12.01 2.98
Self-efficacy —0.53 [-0.73, —0.31] 0.12 —0.53 .001
Model 2 .36
Constant 9.45 5.99
Self-efficacy —0.45 [-0.68, —0.21] 0.14 —0.46 .001
Disorganized symptoms —0.49 [-1.05, 0.05] 0.28 -0.19 .086
Depressive symptoms 0.29 [-0.15, 0.65] 0.23 0.17 .188
Positive symptoms 0.07 [-0.37, 0.54] 0.21 0.05 .751
Negative symptoms —0.05 [-0.32, 0.21] 0.14 —0.05 717
Excited symptoms 0.14 [-0.37, 0.70] 0.23 0.08 532
Working memory
Model 1 17
Constant 8.46 2.74
Self-efficacy —0.37 [-0.56, — 0.17] 0.10 —0.43 .001
Model 2 .24
Constant 13.45 5.03
Self-efficacy —0.33 [-0.57, —0.08] 0.11 —0.39 .008
Disorganized symptoms —0.67 [-1.19, —0.08] 0.29 -0.29 .028
Depressive symptoms —0.14 [-0.51, 0.25] 0.20 -0.10 .485
Positive symptoms —0.02 [-0.40, 0.32] 0.21 -0.01 1920
Negative symptoms —0.13 [-0.41, 0.16] 0.12 —0.16 .252
Excited symptoms 0.33 [-0.10, 0.90] 0.23 0.21 .165

Note: Significant predictors have p-values in bold. Model 1 was considered the better fit as there was no significant F-change for model 2 for Total Executive function p
.182, Shifting, p .438 and Working Memory, p .110. Model 2 was considered the better fit for Inhibition.

3. Results
3.1. Executive function

Mean total objective executive function score in the sample was
significantly lower than the normative mean scaled score of 10 in a one-
sample t-test: M 8.27, SD 2.16, SE 0.27, t (1, 64) = —6.439, p .000. Also,
total subjective complaints, M 62.03, SD 9.23, SE 1.21, were signifi-
cantly higher than the normative mean T-score of 50, t (1,57) = 9.93, p
.000. See Table 2 for scores on measures of executive function and
Table 3 for correlations between variables.

3.2. Stoicism and sensitivity

The distribution of stoicism and sensitivity scores for total executive
function, M —1.19, SD 5.05, SE 0.67, showed a slight overrepresentation

of stoicism. Thirty-two participants, 48.5%, ranked lower on total sub-
jective complaints than objective measures (stoicism) and 26 partici-
pants, 39.4%, ranked higher on total subjective complaints than
objective measures (sensitivity). Eight participants, 12.1%, had missing
scores on at least one measure.

3.3. Predictors of stoicism and sensitivity

For total executive functioning, the strongest predictor of greater
stoicism (fewer subjective complaints relative to objective performance)
was higher self-efficacy, accounting for 27% of the variation, F (1, 51) =
19.21, p = .001, ? = .27. See Table 4 for results of the regression
analysis.

Separate analysis of the executive function domains found that
greater self-efficacy was the strongest predictor of greater stoicism in
shifting, Model 1: F (1, 50) = 19.85, p .000, P = .27, and working
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Table 5
Influence of demographic and clinical variables.
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Linear regression controlling for: Total executive function Inhibition Shifting Working memory

F change Sig. AP F change Sig. INe F change Sig AP F change Sig AP
Gender 0.05 .833 .00 0.22 .645 .00 0.02 .900 .02 0.11 .740 .00
Age 1.97 167 .03 0.03 .866 .00 1.43 .238 .02 0.91 .346 .02
Estimated IQ" 1.44 .237 .02 0.79 .379 .01 0.42 521 .00 12.03 .001 .15
Diagnosis 0.52 476 .01 0.07 .796 .00 0.24 .628 .00 0.00 972 .00
DUP® 1.66 .204 .02 1.91 173 .03 1.15 .290 .02 0.21 .652 .00
Total symptoms 0.02 .894 .00 0.79 .378 .01 1.09 .302 .02 0.22 .642 .00
Positive, disorganized & excited symptoms 1.09 .301 .01 0.00 971 .00 1.23 274 .02 1.36 .250 .02
Negative and depressed symptoms 0.48 492 .01 1.39 .245 .02 0.19 .994 .00 2.71 .106 .04
Drug therapy (yes/no) 0.43 .513 .01 0.40 .533 .01 0.76 .388 .01 0.35 .556 .01
DDD¢ antipsychotics 0.00 991 .00 0.86 .357 .02 0.09 761 .00 0.08 775 .00
Hospitalizations 0.26 .611 .00 0.52 474 .01 0.25 .622 .00 0.32 .572 .01
Months in hospital 2.23 142 .03 0.39 .534 .01 2.16 148 .03 0.10 757 .00
Occupational status’ 0.35 .558 .01 0.08 778 .00 0.18 .676 .00 0.49 .487 .01
Years of education 0.15 .705 .00 0.54 .465 .01 0.13 717 .00 0.39 .538 .01
Education completed® 0.06 .807 .00 1.20 .280 .02 0.15 .705 .00 0.37 .546 .01

Note: Significant predictors identified in the main analysis were retained (self-efficacy and disorganized symptoms) and controlling variables were added to the linear
regression model one-by-one. Bootstrapping was performed (n = 1000) similar to main analysis. Values in bold are significant.
2 1Q was estimated from two subtest of Wechsler Abbreviated Scale of Intelligence (WASI): Vocabulary and Matrix Reasoning.

> Duration of untreated psychosis.
¢ DDD = Defined daily dose.

d Occupational status was coded the same way as in the Social Functioning Scale (Birchwood et al., 1990).
¢ Level of education completed was coded O - not completed elementary school, 1 - completed elementary school, 2 - started secondary school, 3 - completed

secondary school, 4 - started higher education, 5 - completed higher education.

memory, F (1, 49) = 11.19, p .002, r* = .19. However, in the inhibition
domain more disorganized symptoms were a stronger predictor of sto-
icism than self-efficacy, Model 2: F (6, 44) = 3.01, p .015, AP = .22
Depressive, positive and negative symptoms were not significant pre-
dictors of stoicism and sensitivity in any domain.

3.4. Controlling for demography and clinical variables

Gender did not change the significance of the predictive value of self-
efficacy and disorganized symptoms on stoicism-sensitivity. Nor did
experience from daily life measured by age, occupational status, years of
education, level of education completed or estimated IQ. However,
higher estimated IQ independently predicted greater sensitivity (greater
subjective complaints despite better performance on tests) in the
working memory domain only, F (3, 37) = 13.76, p .000, Ar* = .15. The
clinical variables, diagnosis, symptoms, duration of untreated psychosis
and treatment had no significant bearing on the results. See Table 5 for
details.

4. Discussion

The present study investigated potential predictors of discrepancy
between subjective and objective executive function among persons
with schizophrenia. The discrepancy was quantified using a novel
framework creating a scale ranging from sensitivity (greater subjective
complaints than objective dysfunction) to stoicism (fewer subjective
complaints than objective dysfunction) (Miskowiak et al., 2016). We
found that participants were characterized by both sensitivity and sto-
icism, which is in line with studies finding both over- and underesti-
mation of cognition and social cognition (Burton et al., 2016; Silberstein
et al., 2018). Stoicism and sensitivity scores were normally distributed,
but there was slightly higher occurrence of stoicism in the sample in
total executive function. This might seem surprising considering that
subjective executive complaints were an inclusion criterion. However,
this only shows that despite increased subjective complaints in the group
as a whole compared to the normative mean in a healthy population,
there are still individual variations in how well subjective complaints
align with objective performance within the sample.

As expected, greater self-efficacy was associated with greater

stoicism and lower self-efficacy was associated with greater sensitivity
in all domains explaining a substantial amount of the variance in
discrepancy in working memory, shifting and total executive function.
This finding emphasizes the importance of exploring psychological
factors as explanations for discrepancy between subjective and objective
cognitive assessment (Cella et al., 2014). The effect of self-efficacy on
stoicism-sensitivity was not better explained by gender, diagnosis, total
symptoms, age, intellectual abilities, occupational status or having
longer experience within the educational system. Nevertheless, we
found that higher estimated IQ independent of self-efficacy, predicted
greater sensitivity in the working memory domain alone. It is not clear
whether this is due to an association between intellectual capacity and
the ability to self-monitor working memory performance, or whether
those who perform well on tasks measuring intellectual ability expect
more from their working memory.

Our second hypothesis was partially supported. We expected higher
levels of disorganized symptoms to predict greater stoicism, and found
that it was the superior predictor of stoicism in the inhibition domain.
The mechanism is not known, but perhaps disorganized symptoms
interfere with attention so that subjective experiences of problems with
inhibition to a greater degree go unnoticed. Disorganized symptoms
appear to be fairly unexplored as a predictor of the subjective-objective
cognition discrepancy, although one study found an association between
a single item for disorientation and lower subjective cognitive com-
plaints (Baliga et al., 2020).

Our third hypothesis was not supported. Higher levels of depressive
symptoms did not predict greater sensitivity. Considering the consistent
findings in other studies of a relationship between depressive symptoms
and subjective cognitive complaints, it was surprising that depressive
symptoms did not predict sensitivity in the current study (Burton et al.,
2016; Durand et al., 2015; Raffard et al., 2020; Sellwood et al., 2013).
One explanation for this might be that even though several participants
had mild and moderate depressive symptoms, few had severe depressive
symptoms. Studies with healthy individuals across cultures has shown
that mild self-reported dysphoria is associated with more accurate self-
assessment of capabilities - a phenomenon known as depressive realism.
According to these studies, non-dysphoric individuals often over-
estimate their abilities (Moore and Fresco, 2012). Research on self-
assessment of daily function in schizophrenia has also shown that
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depression was associated with accuracy rather than underestimation
(Harvey et al., 2017). In addition, we used a clinician rating for
depressive symptoms, whereas some of the previous studies have used
self-reported depression scales which may have resulted in lower scores
(Moore and Fresco, 2012).

Much of the emerging research on discrepancies between subjective
and objective cognition in schizophrenia has favored lack of insight into
cognitive impairment as the primary explanation (Medalia et al., 2008).
We may also interpret the most extreme stoicism and sensitivity scores
among our participants as over- and underestimation of executive skills.
However, some degree of discrepancy between subjective and objective
measures of executive function was expected, and may at least partially
also be explained by the problems inherent in measuring executive
function. Previous research has pointed out that task measures specific
enough to isolate components of executive function in the lab often have
little in common with the novel, complex real-life situations where the
interplay of executive functions are most required (Sbordone, 2014).
When combining objective and subjective measures we must keep in
mind that we are measuring theoretically assumed underlying brain
functions, but at two different levels of measurement. Executive tasks in
the lab aim to tap capacity, while the subjective measures aim to tap
performance in real-life (Gioia et al., 2010).

There are several possible interpretations of the finding that self-
efficacy predicts stoicism and sensitivity. The direction of relation-
ships between cognition, negative symptoms, real-world function and
self-efficacy or related psychological concepts has proven difficult to
disentangle and are currently under debate (Beck et al., 2018; Chang
et al., 2017). It is possible that adequate self-efficacy is a pre-requisite
for attempting activities that lead to greater stoicism when successful
(Cardenas et al., 2013). However, it is also possible that self-efficacy is
better preserved among individuals who make few attempts at chal-
lenging activities due to avoidant coping strategies (Lysaker et al.,
2001). In addition, since self-efficacy is a subjective measure, it is not
possible to rule out that challenges to accurate self-assessment also
affect this measure for some participants.

4.1. Implications

Although the number of studies exploring subjective cognition in
schizophrenia is growing, there are few specifically focusing on execu-
tive functions, making conclusions tentative at this point. Still, the
present study has several possible implications. The results indicate that
disorganized symptoms can help identify stoic individuals. Stoic in-
dividuals may be more likely to turn down cognitive remediation (Bal-
zan et al., 2014). When daily function indicates that stoic individuals
may benefit from cognitive remediation or supportive services, in-
terventions should include efforts to increase recognition of cognitive
difficulties in everyday life (Medalia et al., 2008).

However, our results also raise ethical concerns over whether in-
terventions aimed at increasing insight into cognitive impairment may
harm self-efficacy (Cella et al., 2014; Rose et al., 2008). This could be
counterproductive, considering the importance of self-efficacy to well-
being in severe mental illness (Gleeson et al., 2020; Hansson, 2006).
Sensitive participants may also have difficulty engaging during cogni-
tive remediation due to low self-efficacy (Beck et al., 2018; Chang et al.,
2017). To ensure that interventions are effective and ethically sound for
sensitive individuals, they should be carried out in a manner that fosters
self-efficacy (Allott et al., 2020; Cella and Wykes, 2019).

4.2. Strengths and limitations

The extensive test battery and questionnaire specifically tapping core
components of executive function is a strength of this study. There are,
however, also some limitations that warrant mentioning. Our selection
of objective measures allow for comparison with previous research,
although the specificity of these measures has been drawn into question
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(Barch et al., 2009; Miyake et al., 2000). We chose to focus on compo-
nents of executive functions that aligned with the subscales of the
BRIEF-A questionnaire. Tasks that are more complex may be subject to
task impurity (Donohoe and Robertson, 2003; Roca et al., 2014).
However, we acknowledge that the inclusion of more complex executive
tasks such Wisconsin Card Sorting Test which has been shown to predict
function (McGurk and Meltzer, 2000) may have been beneficial. Sub-
jective executive complaints were part of the inclusion criteria, but we
assume our sample to be representative of persons with schizophrenia in
this regard since scores were similar to other studies (Bulzacka et al.,
2013; Garlinghouse et al., 2010).

Importantly, the analyses were correlational and thus cannot estab-
lish causal relationships between the variables. Because the study is part
of a cognitive remediation trial, we did not include a healthy control
group and scores were instead standardized using norms. Precautions
should be taken in the generalization of findings because the sample in
the study is somewhat heterogeneous and small. Specifically, the sample
has a young mean age and excluded anyone who had received treatment
for longer than five years. Therefore, we do not know if the results will
generalize to individuals who have been living with schizophrenia
spectrum disorders for longer. A longer duration in stable remission
from psychotic symptoms is related to higher correlations between self-
assessment and daily function (Harvey et al., 2019; Olsson et al., 2015).
For the youngest participants in the present study variables such as level
of education and occupational status are likely to change since some are
currently still in secondary school.

Not all potential predictors of discrepancy were accounted for. For
example, the present study could have benefitted from the inclusion of
more proximal measures of functioning in daily life. Experience with
everyday situations has previously shown to be associated with more
accurate assessment in other areas (Harvey and Pinkham, 2015). This
could be interesting directions for future research, in addition to lon-
gitudinal studies of discrepancy over time.
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Abstract

Background: Executive functioning is essential to daily life and severely impaired in schizophrenia and psychosis
risk syndromes. Goal Management Training (GMT) is a theoretically founded, empirically supported, metacognitive
strategy training program designed to improve executive functioning.

Methods: A randomized controlled parallel group trial compared GMT with treatment as usual among 81 partici-
pants (GMT, n=39 versus Wait List Controls, n =42) recruited from an early intervention for psychosis setting. Com-
puter generated random allocation was performed by someone independent from the study team and raters post-
intervention were unaware of allocation. The primary objective was to assess the impact of GMT administered in small
groups for 5 weeks on executive functioning. The secondary objective was to explore the potential of the intervention
in influencing daily life functioning and clinical symptom:s.

Results: GMT improved self-reported executive functioning, measured with the Behavior Rating Inventory of Execu-
tive Function — Adult version (BRIEF-A), significantly more than treatment as usual. A linear mixed model for repeated
measures, including all partial data according to the principle of intention to treat, showed a significant group x

time interaction effect assessed immediately after intervention (post-test) and 6 months after intervention (follow-
up), F=28.40, p .005, r 37. Improvement occurred in both groups in objective executive functioning as measured by
neuropsychological tests, functional capacity, daily life functioning and symptoms of psychosis rated by clinicians.
Self-reported clinical symptoms measured with the Symptoms Check List (SCL-10) improved significantly more after
GMT than after treatment as usual, F=5.78, p .019, r .29. Two participants withdrew due to strenuous testing and one
due to adverse effects.

Conclusions: GMT had clinically reliable and lasting effects on subjective executive function. The intervention is a
valuable addition to available treatment with considerable gains at low cost.

Trial registration: Registered at clinicaltrials.gov NCT03048695 09/02/2017.
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Introduction

Executive functioning (EF) is important for educa-
tion, work and social functioning [1]. EF is a set of
interrelated higher-order mental processes involving
top-down control of cognition, emotion and behavior
necessary for successful navigation of complex every-
day situations [2]. Definitions of EF include the core
components of inhibition, shifting (also known as set-
switching or mental flexibility) and updating of work-
ing memory, as well as more complex processes such as
planning and problem solving [3, 4].

Executive functioning is among the most consistently
impaired cognitive domains in schizophrenia spectrum
disorders on tests of inhibition, shifting and planning,
as well as manipulation and maintenance of working
memory [5]. Compared to healthy controls, persons
with schizophrenia also report significantly more com-
plaints of EF difficulties in everyday life on the Behavior
Rating Inventory of Executive Function — Adult version
(BRIEE-A) [6, 7].

EF impairments are also found among persons with
psychosis risk [8]. Psychosis risk syndromes include
attenuated positive symptoms, brief intermittent psy-
chotic symptoms and genetic risk combined with
deteriorated functioning [9, 10]. Emerging evidence
suggests that cognitive remediation in early interven-
tion for psychosis could potentially have a preventa-
tive effect on the burden of illness through preserving
cognition and everyday functioning [11-14]. However,
there is a lack of evidence for the efficacy of cognitive
remediation in psychosis risk syndromes at present
[15].

Lower scores on objective measures of EF (neuropsy-
chological tests) predict poorer everyday functioning,
greater need for vocational support and poorer life
satisfaction in schizophrenia spectrum disorders and
psychosis risk syndromes [16—20]. Fewer subjective EF
complaints on the BRIEF-A is associated with greater
personal recovery in schizophrenia spectrum disorders
[21].

Goal Management Training (GMT) is a metacogni-
tive strategy training program that aims to improve
EF [22, 23]. Metacognitive strategy training is a mode
of cognitive remediation that involves top-down learn-
ing of a mental strategy, rather than bottom-up learn-
ing through repetition of tasks. The strategy training
promotes awareness of cognitive deficits, and facili-
tates increased self-monitoring and control over mental

processes [24]. Metacognitive strategy training should
not be confused with metacognitive training, which tar-
gets bias in thought content, or metacognitive therapy
which targets rumination and worry [25]. Due to the
complexity of interacting executive functions, metacog-
nitive strategy interventions are recommended for EF
impairments [26]. GMT has proved effective in people
with different neurological and mental disorders [24].
The theory behind GMT posits that failures in goal-
directed behavior often are due to lapses in sustained
attention [27]. For example, one of our participants
complained that if she were interrupted by the sight
of a bill while vacuuming, she would forget to finish
vacuuming. Instead, she would pay the bill, get caught
up watching videos on the computer, and return later
to find the vacuum cleaner in the middle of the room.
Such distracted behavior with sudden bursts of activ-
ity is a hallmark of executive dysfunction and is often
a sign that goal-directed behavior has been replaced by
habits (“When I am on the computer, I watch videos”) or
reliance on cues in the surroundings (seeing the bill or
the vacuum cleaner) [27]. GMT teaches participants to
replace automatic, distracted behavior and instead set,
prioritize, maintain and perform goals through verbal
self-instructions (Table 1).

Several cognitive remediation studies for individuals
with schizophrenia spectrum disorders include train-
ing in metacognitive strategies in combination with drill
and practice or vocational training [28-32]. However,
few studies appear to have assessed the effect of a stand-
alone metacognitive strategy training on EF in schizo-
phrenia spectrum disorders and none in psychosis risk
syndromes [15, 33]. Studies of stand-alone interventions
are important to understanding mechanisms behind
change in cognitive remediation. Furthermore, most
studies have focused on mental strategies tailored to spe-
cific individuals or situations. GMT, in contrast, offers

Table 1 Functions of the steps in the GMT strategy

1. Stop
2. Focus on your breath

Interrupting automatic behavior
Adjusting arousal, present-mindedness
3. Define your goal

4. Check the mental blackboard
5. Divide the goal into subgoals

Forming and prioritizing task goals
Updating of working memory
Chunking of information

6. Check what you are doing Task- and self-monitoring
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guiding principles that can be applied across any num-
ber of everyday activities [22, 34]. In addition, GMT is a
manualized group intervention that can be administered
in only nine sessions. Therefore, GMT could potentially
prove to be an easy to implement, cost-effective interven-
tion with a broad impact on everyday functioning [34].
GMT has been introduced for people with schizophre-
nia with promising results in one case-study and a recent
randomized controlled trial (RCT) that combined GMT
with occupational therapy [35, 36]. The individual from
the case study showed better performance of familiar
and novel real-life tasks after intervention. The effects
remained after 2 years and he also reported increased
self-confidence in performing activities of daily living
[36]. The RCT that combined GMT with occupational
therapy was aimed at adults with treatment resistant
schizophrenia. The participants in the treatment group
showed greater improvements in activities of daily living
scored by observers [35].

The aim of the present RCT is to determine the effec-
tiveness of GMT on executive functioning in a sample of
young participants with early schizophrenia or psychosis
risk. The potential of GMT for improving daily life func-
tioning, symptoms of psychosis and well-being is also
explored. A recent master thesis investigated the effects
of GMT on measures of wellbeing among participants
with a diagnosis in the schizophrenia spectrum in the
sample and found that GMT significantly improved self-
efficacy, but not self-esteem or quality of life [37]. The
present study reports the effect of GMT on subjective
EF (self-reported) and objective EF (neuropsychological
tasks), symptoms of psychosis, functional capacity and
daily life function.

Based on previous GMT research, we hypothesized
improved subjective and objective EF following GMT
[24]. As GMT is a metacognitive strategy training pro-
gram, it might be expected to have the largest impact on
EF in real-world situations [22]. Thus the trial was pow-
ered to detect meaningful differences on the primary
subjective outcome measure, the BRIEF-A question-
naire. A computerized test of inattentiveness, Connors
Continuous Performance Test (CPT3) [38] was chosen
as a primary outcome measure for objective EF because
it has been sensitive to change in previous GMT studies
[39]. Given the close link between EF and everyday func-
tioning in schizophrenia and psychosis risk syndromes,
we further hypothesized improved functional capacity
and independent living [40-42]. Even though cognitive
remediation for schizophrenia does not target psychotic
symptoms, small reductions in symptoms have been
seen across previous studies [43]. Cognitive remedia-
tion appears to be especially beneficial for the reduction
of negative symptoms [44]. Moreover, associations have
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been found between poor objective EF performance and
negative and disorganized symptoms, but not positive
symptoms [45, 46]. Thus, we hypothesized a reduction in
negative and disorganized symptoms following GMT.

Methods

Participants

Eighty-one participants, 49 males (60%) and 32 females
(40%), were recruited among patients referred for treat-
ment of psychosis at a regional, public hospital, Innlan-
det Hospital, in Norway 2017-2020. The majority of
participants were recruited through the hospital’s spe-
cialized early detection and intervention for psychosis
clinics, resulting in a young sample between the ages of
16 and 44. Mean age was 25years (SD 6.35), and 94% of
participants were between 16 and 35years old. Sixteen
individuals, aged between 18 and 40 with a mean age of
23years, were diagnosed with psychosis risk syndromes.
The remainder of the sample were diagnosed with a dis-
order in the schizophrenia spectrum. See Table 5 for fur-
ther details of participant characteristics.

The inclusion criteria were age (16 to 69years), diag-
nosis (schizophrenia spectrum disorder according to the
criteria in the Diagnostic and Statistical Manual of Men-
tal Disorders, DSM-IV [47] or psychosis risk syndrome
[9, 10]) and self-reported executive dysfunction (Total
T-score above 55 on the BRIEF-A, considered clinically
relevant in the Norwegian context [6, 48]). Exclusion cri-
teria included comorbid neurological conditions, ongo-
ing alcohol or substance abuse, intellectual impairment
(IQ<70) and treatment for psychosis for more than 5
years.

The study was preregistered at clinicaltrials.gov
(NCT03048695 09/02/2017). Due to time consuming
and strenuous assessment days, the assessment protocol
was reduced after pre-registration so that some measures
were only collected at baseline including the Iowa Gam-
bling Task [49] and Letter Number Sequencing Test from
WAIS-IV [50]. Goal Attainment Scale [51] was used only
in the intervention group as it was integrated into the
GMT-manual. The everyday functioning questions were
simplified. The Cognitive Failures Questionnaire [52] was
left out of the protocol due to an administration error.

The study was approved by the Regional Commit-
tee for Medical and Health Research Ethics Norway
(2015/2118), and conducted in accordance with the
Helsinki declaration. Informed consent was obtained
for all participants. Advisers with service-user experi-
ence employed by the hospital were consulted during the
planning and execution of the study. For instance, they
advised on recruitment procedures and adaption of the
intervention for a new patient population. An adviser
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also observed one of the first GMT-sessions gathering
feedback from participants.

Procedure
Participants were assessed for diagnostic eligibility by a
trained psychologist using the Structured Clinical Inter-
view for the Diagnostic and Statistical Manual of Men-
tal Disorders-IV (DSM-1V) Axis I disorders, SCID-I
and Structured Interview for Prodromal Symptoms
[9, 53]. Symptoms of psychosis were assessed with the
Structured Clinical Interview for the Positive and Nega-
tive Syndrome Scale for Schizophrenia, the SCI-PANSS
[54]. Symptoms were grouped according to a five-factor
consensus model with positive, negative, disorganized,
depressed and excited symptoms [55].

Figure 1 is a flow chart of participation [56].

Participants were randomly assigned in a parallel group
trial design to either GMT (1=239) or a Wait-List Con-
trol condition (WLC; n=42) by a person independent
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from the study team using computer-generated ran-
dom assignment from https://www.randomizer.org.
Trained clinicians undertook baseline assessments
(T1), post-treatment assessments immediately follow-
ing GMT completion (T2 at 5 weeks) and follow-up
assessments 6 months after GMT completion (T3 at 30
weeks). Conditions were masked from the raters gather-
ing post-intervention and follow-up assessments. The
raters were ordinarily employed in a ward separate from
the intervention sites both in terms of organization and
geography. To our knowledge, no instances of unmask-
ing occurred. Participants received GMT in addition to
treatment at usual for psychosis according to Norwegian
national guidelines [57]. Treatment frequently involved
a combination of medication and psychotherapy. Par-
ticipants with psychosis risk syndromes received treat-
ment for sub-threshold psychotic or general symptoms
where indicated, but did not receive antipsychotics [57].
The control group members were offered GMT after

Assessed for eligibility (110)

Enroliment

Excluded (29)

Not meeting criteria (11)

Randomized (N = 81)

Declined to participate (10)

Practical reasons (8)

Fig. 1 Flowchart of allocation and attrition

Allocated to GMT (n = 39) Allocation Allocated to WLC (n = 42)
Lost to follow-up (n = 6) Lost to follow-up (n = 5)
Lost at T2 (n = 6) Lostat T2 (n=3)

Follow-u —
Lost at T3 (n = 6) P LostatT3 (n=5)
Health related (n = 2) Found testing too streneous (n = 2)
Practical reasons (n = 1) Practical reasons (n = 1)
Adverse effects (n = 1) Felt no need for GMT (n = 1)
Unknown (n =2) Unknown (n=1)

ITT analysis (n = 39) ITT analysis (n = 42)
Missing and excluded datapoints Analysis Missing and excluded datapoints
are given as degrees of freedom are given as degrees of freedom

for each analysis for each analysis
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follow-up assessment. The trial ended when a sufficient
number of participants had been recruited.

Intervention: Goal Management Training

Goal Management Training was administered to small
groups of participants in nine, 2-h sessions (twice
weekly). All sessions were held by the same clinical psy-
chologist trained in GMT by a specialist in neuropsy-
chology and GMT methodology, together with a local
co-therapist. Co-therapists were given basic training in
GMT and were doctors, psychologists, psychiatric nurses
or occupational therapists. The training followed a script
with accompanying PowerPoint slides and participant
workbooks. Participants received a daily text message
prompting strategy use between sessions four and nine
[58, 59]. The current GMT-manual includes mindful-
ness breathing exercises to encourage adequate arousal
and further improve the focus on goals in the present
situation [27, 60]. The Norwegian translation of the
GMT-manual [39] used in previous studies was revised
by removing a mindfulness exercise involving sensory
scanning of the body to reduce discomfort in case of
tactile hallucinations or anmalous self-experiences. An
exercise was added where participants developed one
individual long-term goal according to the procedures in
goal attainment scaling, because a review of GMT stud-
ies showed that personal goals increased effect of the
intervention [51, 61]. Between-session assignments were
reduced from three to two exercises due to the frequency
of sessions (twice a week). Examples of assignments

Table 2 Content of Goal Management Training
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between sessions were collecting personal examples of
inattentive slips, practicing mindful breathing or rehears-
ing the strategy for 30 min per day. See Table 2 for con-
tent of GMT.

Because the metacognitive strategy is gradually taught
by adding steps from session four to nine, all sessions
should be attended in order. Therefore, individual ses-
sions were offered in cases of absence. The 33 partici-
pants in the intervention group who completed all three
assessments points attended all nine sessions. Five partic-
ipants completed the last three sessions via videoconfer-
ence due to the outbreak of the Covid-19 pandemic.

Measures

An overview of all measures reported in this study is pro-
vided in Table 3. The pre-registered primary outcome
measures were BRIEF-A (subjective EF), CPT3 (objective
EF) and SCI-PANSS (symptoms of psychosis).

Subjective EF in everyday situations was measured
using the 75-item questionnaire BRIEF-A [6]. The instru-
ment has shown good test-retest reliability ranging from
r .82 to .93 across nine subscales [6]. The scale showed
good internal consistency in the present study at baseline
with an adequate Cronbach’s Alpha score of a .95 for the
total score.

Objective EF was assessed with the following tests:
Inattentiveness was measured with the Conners Continu-
ous Performance Test - 3rd edition (CPT3) [38]. The raw
score for detectability (d’) analyzed is a signal-to-noise
ratio that captures ability to correctly respond to targets

Module Content

Demonstrations

Assignments at home

Absentmindedness is normal. Pre-
sent mindedness can be practiced.

1. Present- and absentmindedness

2. Slip-ups Absentmindedness can lead to
slip-ups

3.The autopilot Acting on autopilot can lead to
slip-ups

4. STOP the autopilot Saying STOP interrupts the autopilot

and allows refocus

5.The mental blackboard Update working memory using the

STOP-FOCUS-CHECK sequence

Stating goals aloud before and dur-
ing tasks helps goal-attainment

6. State the goal

7. Decision making Recognize stress as a signal to use

strategy to overcome indecision

Large tasks are often made up of
smaller tasks. Use subgoals when
overwhelmed.

8. Dividing goal into subgoals

Checking if current actions are help-
fulin reaching the goal

9. Check if goal is met

Clapping task demonstrating inat-
tention
Mindful eating of a raisin

Clapping task

Set personal goal
Sorting cards
Breathing exercise

Sorting cards with STOP
Short breathing exercise

Sorting cards with distraction
Short breathing exercise

Complex exercise that requires
switching between 5 tasks

Complex decision making task

Define the subgoals in moving
house and plan a wedding

Revisit clapping task Summary of
the training

Record absentmindedness, practice
present mindedness

Record slip-ups, practice present
mindedness

Record slip-ups, practice breathing
exercise

Practice STOP 30 min daily, practice
breathing exercise

Practice strategy 30 min daily, prac-
tice breathing exercise

Practice strategy 30 min daily

Practice strategy when needed,
internet shopping task

Practice strategy when needed,
internet shopping task
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Table 3 Measures
Instrument Outcome variables Time points
SCID-I: Diagnostic and Statistical Manual of Mental Disorders-IV Inclusion
(DSM-IV) Axis | [53]
SIPS: Structured Interview for Prodromal Symptoms [9] Inclusion
SCI-PANSS: Structured Clinical Interview for the Positive and Nega-  Positive, negative, disorganized, depressive and excited symptoms — T1,T2,T3
tive Syndrome Scale for Schizophrenia [54]
SCL-10: Symptoms Check List [62] Total score T1,7T2,T3
WASI: Wechsler Abbreviated Scale of Intelligence [63] Estimated 1Q from Matrix Reasoning and Vocabulary T1
WAIS-IV: Wechsler's Adult Intelligence Scale, 4th edition [50] or Estimated 1Q from General Ability Index (GAI) T
BRIEF-A: Behavior Rating Inventory of Executive Function - Adult ~ Total raw score T1,72,T3
version [6] 9 subscale scores
CPT3: Conners Continuous Performance Test 3rd edition [38] Detectability (d) raw score T1,7T2,T3
Digit Span from the Wechsler Adult Intelligence Scale - 4th edi- Total number of correct trials from the forward, backwards and T1,T2,T3
tion, WAIS-IV [50] sequential conditions
CWIT: Color-Word Interference Test from the Delis-Kaplan Execu- Time - raw scores in seconds T1,72,T3
tive Function System (D-KEFS) [64] Raw contrasts between conditions 4 versus 3 (switching) and
between condition 3 versus 1 and 2 (inhibition)
Tower task from D-KEFS [64] Total achievement score T1,T2,T3
UPSA-B: University of California San Diego Performance-based Total score on the finance and communication modules T1,T2,7T3
Skills Assessment, brief version [65, 66]
Hotel Task [59] Time expressed in number of seconds deviating from optimal time  T1,T2,T3
distribution between five tasks
SFS: Social Functioning Scale [67] The scores from the subscales Independence Competence and T1,72,T3
Independence Performance
GAF: Global Assessment of Functioning-Split Version [47] GAF-F global function score T1,T2,73

Abbreviations: T1 Time one, baseline assessment (0 weeks), T2 Time two, post-intervention assessment (5 weeks), 73 Time three, follow-up assessment 6 months after

intervention (30 weeks)

while inhibiting responses to non-targets. Higher scores
indicate poorer performance. The measures are reported
to have adequate split-half reliability in a normative sam-
ple r .92 (r .95 for those under 18years) and test-retest
reliability, r .74 [38].

Total score on the Digit Span task (forwards, back-
wards and sequential conditions) from the Wechsler
Adult Intelligence Scale — 4th edition, WAIS-IV [50] was
used to assess working memory. The test has adequate
internal consistency in normative samples with Cron-
bach Alpha scores of o .84 in the forwards condition, a
.78 in the backwards condition and a .89 in the sequential
condition [50]. Test-retest reliability ranges from r .71-
.77 across the three conditions [50].

Inhibition and shifting were assessed with the Color-
Word Interference Test (CWIT) from the Delis-Kaplan
Executive Function System (D-KEFS) [64]. The test-retest
reliability correlations for the four conditions in a norma-
tive sample were CWIT1 Color naming, r .86, CWIT2
Word reading r .49, CWIT3 Inhibition r .71 and CWIT4
Inhibition/Switching » .52 in the age group 20-49.
Among those under 19years the correlations ranged
from r. 77 to r .90 [64]. In the present study, two raw con-
trast scores for inhibition and shifting were used as out-
come measures to separate out the confounding effects

of processing speed [68, 69]. A contrast measure of inhi-
bition was created by subtracting the average amount
of seconds spent on CWIT1 and CWIT2 from CWIT3.
A contrast measure of shifting was created by subtract-
ing time spent on CWIT3 from time spent on CWIT4.
Higher contrast scores indicate greater difficulties with
inhibition and shifting.

Strategic planning was measured with the total achieve-
ment score from the Tower task from D-KEFS [64]. The
total achievement score reflects the building of correct
towers with as few moves as possible, requiring the ability
to plan more than one step ahead. Higher scores indicate
better performance. Test-retest reliability in a normative
sample was r .41 (r. 51 for those under 18) [64].

Raw scores on the above neuropsychological tests were
converted to z-scores, reversed where appropriate and
averaged for a total mean score of objective EF. Positive
mean scores indicated better performance.

Symptoms of psychosis were measured using SCI-
PANSS [54]. The instrument was scored by a trained
clinician and included a structured interview with par-
ticipants, input from someone who knew the partici-
pant well and saw them regularly (e.g., a family member
or treating clinician) and observations made during the
interview. Thirty items were scored on a scale ranging
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from 1 (absent) to 7 (extreme). Items referring to hallu-
cinations and delusions with a score higher than 4 (mod-
erate) indicate psychosis. The instrument has shown
adequate reliability in both in- and outpatient settings
[70]. In the present study, items were grouped according
to a five-factor consensus model [55]. The total scores for
positive, negative, disorganized, depressed and excited
symptoms were used as outcome measures.

A brief, ten-item version of the Symptom Check List,
SCL-10, was used to assess self-reported psychologi-
cal distress [62]. The SCL-10 has shown adequate psy-
chometric qualities equivalent to longer versions of the
instrument and it has been validated in the Norwegian
population [71]. The questionnaire reflects subjectively
experienced anxiety and depressed mood. Items are
scored on a scale ranging from 1 (a little bothered) and
4 (very bothered). The total score from the questionnaire
was used as an outcome measure.

Functional capacity measures included the brief ver-
sion of the University of California San Diego Perfor-
mance-based Skills Assessment, UPSA-B [65, 66] and the
Hotel Task [59]. From the UPSA, the total score out of
100 for the Finance and Communication modules was
used. The UPSA is a role-playing task imitating activi-
ties of daily life including paying a bill and making a tel-
ephone call. Higher scores indicate better performance.
During the Hotel Task participants are instructed to
divide their time equally between five different tasks:
Sorting coins, proof reading, creating invoices, using a
telephone directory and sorting names alphabetically.
The number of seconds deviating from optimal time dis-
tribution between the five tasks was used as the outcome
measure.

Activities of daily living was assessed with two subscales
from the self-reported Social Functioning Scale, SFS [67].
The Norwegian translation of the scale has been shown
to be reliable and valid among people with schizophrenia
[72]. The two subscales Independence Competence and
Independence Performance were considered the most
relevant outcome measures [73]. The internal consistency
of the Independence Performance subscale, a .81, and
Independence Competence subscale, a .65, was adequate.
Furthermore, global function was assessed with clinician
ratings of the Global Assessment of Functioning - Split
version, GAF-F [47]. The scale ranges from 0 to 100 and
higher scores indicate better functioning across impor-
tant areas of life such as school or work, socially and at
home. Ratings have been shown to be consistent among
experienced raters [74].

Data analysis
Analyses were performed using SPSS, version 26. In
order to describe EF at baseline, one-sample ¢-tests were
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run comparing normed scores from the sample to stand-
ardized normative means gathered from the test manu-
als of EF instruments. Main outcome analyses were run
using raw scores to retain variance. Outliers more than
three standard deviations from the mean or with extreme
residuals were excluded. The scores for CWIT Inhibi-
tion and SFS Independence Competence were log trans-
formed to account for skewed distributions of scores.
Group comparisons at baseline between GMT and WLC,
and between completers and non-completers, were done
using the Mann-Whitney Test for continuous variables
and Pearson Chi Square for categorical variables.

A-priori power calculations based on existing GMT-
studies indicated that to detect an effect size on the pri-
mary outcome measure of r. 30 (d 0.65), a sample size
of n=60 would be sufficient to render power of 80%
with the alpha level set to p .05. Based on the principle
of intention-to-treat (ITT), available data for all 81 par-
ticipants were entered into a linear mixed model analysis
for repeated measures [75]. Missing data were assumed
to be missing at random. Group, time and group by time
interactions were assessed as fixed effects and p-values
< .05 were considered statistically significant. A first-
order autoregressive covariance matrix was chosen for
the repeated measures. Random subject intercepts were
allowed for. Post-hoc explorations of change within treat-
ment groups were done by running the models separately
for each group.

As a precaution, age, sex, years of education, diagnosis,
symptoms and treatment content in TAU (drug therapy
and psychotherapy) were added one-by-one as co-vari-
ates in the mixed model analysis to control for potential
influence on significant group x time interactions.

Effect sizes were expressed as Pearson’s r for the group
x time interaction effects:

- F(time x group)
F(time x group) + Df

Reliable Change Index (RCI) was calculated for the
primary outcome measure that showed a significant
interaction effect, BRIEF-A, to identify individuals with
clinically reliable improvement from baseline (T1) to fol-
low-up (T3) [76].

Results

Baseline characteristics of the sample

At baseline, the sample showed significantly more sub-
jective complaints of EF with a mean total 7-score of 68
on BRIEF-A when compared to normative samples [6].
The sample showed comparable performance to nor-
mative samples on the Digit Span test. All conditions of
the CWIT were performed slower than the normative
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average, but there was no additional speed reduction on
the conditions requiring shifting and inhibition, similar
to previous studies [69]. The sample did, however, have
more difficulty differentiating between targets and non-
targets on the CPT3. Table 4 shows the executive func-
tioning in the sample compared to the standardized
means derived from large norming samples with healthy
participants listed in the test manuals of the instruments
[6, 38, 50, 64].

Group comparisons at baseline

Any baseline differences between the groups were
considered incidental due to randomization [77]. The
GMT-group reported more subjective EF complaints
at baseline, F(1,72)=6.66, p .012. The GMT-group also
showed a significantly lower level of negative symptoms
compared to the WLC-group, F(1, 79)=17.34, p .008.
The groups were otherwise comparable, see Table 5.

Attrition

Nine subjects did not complete testing at T2, and this
number increased to 11 at T3 making attrition 13.58% at
the end of the study. There were no significant differences
between completers and non-completers in demographi-
cal or clinical variables.

Table 4 Executive functioning at baseline (N=81)
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GMT outcomes
A linear mixed model analysis showed a significant
decrease in self-reported symptoms of executive dys-
function in everyday life in the GMT-group only,
BRIEF-A Total score, F(1, 51.94) =8.40, p .005, r .37.
Results for subjective EF can be seen in Table 6. The
result remained unchanged when controlling for age,
sex, diagnosis, years of education, treatment and sever-
ity of psychotic symptoms. In particular, there was no
main effect of negative symptoms on subjective EF,
and adding the variable did not change the significant
interaction effect between group and time on subjec-
tive EF. Of note, significantly more participants in
the GMT-group (10 of 19, 52.60%) experienced reli-
able clinical change from baseline to follow-up on this
measure compared to the WLC-group (2 of 18, 11.10%),
x2(1)=7.27, p .007, ¢c .44 according to the RCI [76].

The results show no difference in effectiveness
between the two groups measured with neuropsy-
chological tasks. However, both groups improved sig-
nificantly over time on the Tower task and in mean
objective EF.

There were no significant differences between treat-
ments in functional capacity, self-reported independ-
ent living or clinician ratings of global functioning.

Study Sample Standardized norms
M sD M sD t? p
BRIEF-A: Total T-score 68.08 10.59 50 10 14.68 <.001
Inhibit T 5843 11.72 50 10 6.19 <.001
Shift T 62.82 11.30 50 10 9.76 <.001
Emotional Control T 58.01 11.73 50 10 588 .003
Self-Monitor T 53.95 10.97 50 10 3.10 <.001
Initiate T 68.92 12.01 50 10 13.55 <.001
Working Memory T 67.73 1038 50 10 14.70 <.001
Plan/ Organize T 62.53 9.83 50 10 10.96 <.001
Task Monitor T 61.01 11.01 50 10 8.61 <.001
Organization of Materials T 54.78 12.58 50 10 3.27 .002
Digit Span total Scaled Score 9.88 2.60 10 3 —0.39 697
CWITT: Color Naming SS 6.86 291 10 3 —9.57 <.001
CWIT2: Reading SS 8.05 3.20 10 3 —542 <.001
CWIT3: Inhibition SS 8.27 345 10 3 —4.46 <.001
CWIT4: Inhibition & switching SS 7.95 3.85 10 3 —4.46 <.001
CWIT Contrast Inhibition SS 11410 2.66 10 3 4.69 <.001
CWIT Contrast Shifting SS 9.73 297 10 3 —0.80 429
Tower total achievement SS 10.50 236 10 3 1.90 062
CPT3 d'T-score 54.87 10.38 50 10 4.23 <.001

Bold values are statistically significant

@ Results of one-sample t-tests compared to standardized means of normative samples from the manuals of the instruments [6, 38, 50, 64]

P Note that the scaled score for CWIT Inhibition is higher than the normative mean
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Table 5 Baseline characteristics of the randomized sample (N=281)
GMT (n=39) WLC (n=42)
Frequency M SD SE Frequency M SD SE P
Sex 102
Female 19 (49%) 13 (31%)
Male 20 (51%) 29 (69%)
Age 2546 6.68 1.07 24.38 6.07 94 504
Years of Education 13.00 2.00 32 12.81 1.67 26 814
Estimated IQ? 98.65 15.11 248 98.97 13.17 211 670
Diagnosis 869
Schizophrenia spectrum disorder® 31 (80%) 34 (81%)
Psychosis risk syndrome© 8 (20%) 8 (19%)
DUP? (weeks) 205.44 266.77 42.72 185.93 210.11 3242 924
Hospitalizations 262 513 82 2.88 427 66 463
Months in hospital 4.46 8.67 1.39 523 6.56 1.01 287
Drug therapy 30 (77%) 30 (71%) 573
Antipsychotics 23 (59%) 27 (64%) 623

2 Estimated 1Q: General intellectual ability was estimated at baseline with Vocabulary and Matrix Reasoning subtests from the Wechsler Abbreviated Scale of
Intelligence (WASI) [63]. A few participants had GAI (General Ability Index) scores from Wechsler’s Adult Intelligence Scale, 4th edition (WAIS-1V) in place of WASI scores
[50]

b Classifications were schizophrenia (GMT n= 12, WLC n = 17), schizoaffective disorder (GMT n=6, WLC n=8), schizophreniform episode (GMT n=4, WLC n=2),
delusional disorder (WLC n= 1) and psychosis not otherwise specified (GMT n=9, WLC n=6) [47]

¢ Classifications were positive symptoms syndrome (GMT n =6, WLC n = 3), brief intermittent psychotic symptoms (GMT n=2, WLC n=3) and genetic risk combined
with fall in function (GMT n=0, WLC n=2) [9]

4 DUP: Duration of untreated psychosis defined as weeks from onset of psychotic symptoms until start of adequate treatment with antipsychotic medication or
hospitalization in a specialized ward [78]

Table 6 Linear mixed model analysis (ITT N=281): subjective executive functioning

GMT Mean scores WLC Mean Scores Group x Time interaction

T1° T2 T3 T T2 T3 df b(GMT) bSE 95%Cl P r
BRIEF-A total 14934 14030 13255 13660° 13248 13505 5194 —762 263 —1290,—-235 .005 37
Inhibit 15.29 15.35 14.73 13.54° 1348 13.52 51.81 —0.72 0.37 —1.45,0.02 056 26
Shift 11.97 1245 1141 11.33 11.79 12.57 4416  —073 0.32 —1.38,—0.07 030 32
Emotional Control 20.09 19.50 19.14 17.62° 17.38 18.00 4736 —039 053  —146,067 463 11
Self-Monitor 10.35 10.17 10.00 937 9.93 1048 5002 —066 025 —1.16,—0.16 011 35
Initiate 1849 17.90 16.45 1735 18.22 18.11 5182 —143 036 —2.15-072 <.001 49
Working Memory 17.12 17.21 16.38 15.67 16.00 16.38 5314 —074 037  —1,49,0.00 051 26
Plan/ Organize 19.89 2025 1809¢  18.08° 19.76 19.90 6341 —178 052 —283,-074 .001 39
Task-Monitor 1143 11.50 10.95 1137 11.39 1145 3634  —035 033 —1.01,031 293 7
Organization of Materials ~ 15.21 15.90 15.05 13.95 14.34 14.48 4812 =072 044  —159,0.17 10923

Bold values are statistically significant
@The time variable was coded 0 for baseline, 1 for post-intervention testing and 2 for follow-up
b The GMT-group had a higher mean score at baseline on the BRIEF-A total raw score and the subscales for Inhibit, Emotional Control and Plan/Organize

< Significant main effect of time

Both functional capacity and clinician rated function
improved significantly over time in both groups.

Both treatment groups showed a reduction in posi-
tive, disorganized and excited symptoms over time, but

no significant treatment effect of GMT were registered
in psychotic symptoms assessed by a trained clini-
cian with SCI-PANSS. The GMT-group experienced a
significantly greater reduction in self-reported symp-
toms of anxiety and depressed mood measured by the
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Table 7 Linear mixed model analysis (ITT N=281): objective executive functioning

GMT Mean scores WLC Mean Scores Group x Time interaction

T2 T2 T3 T T2 T3 df b(GMT) bSE 95% CI P r
Objective EFmean ~ —0.02° 0.18 0.22 0.02 021 0.38 7043 —005 0.05 —0.15,0.05 331 12
CPT3d’ —-2.79 —281 —278 =255 —279 =282 7045 =007 0.10 —0.27,0.12 463 .09
Digit Span 26.00 27.58 2597 25.18 25.59 26.20 6547 —0.54 049 —1.52,044 278 13
CWIT Inhibition 29.36 30.81 29.15 2649 27.07 2553 48.53 0.03 0.05 —0.08,0.13 623 07
CWIT Switching 6.68 5.68 6.48 6.95 7.89 6.14 5865 0039 0.04 —0.04,0.11 391 11
Tower 17.72¢ 18.21 19.58 18.21 20.10 20.68 8407  —030 0.51 —1.33,0.72 558 .06
UPSA 78.03¢ 80.47 8213 74.69 79.16 8231 74.71 —1.66 1.16 —3.97,065 157 16
Hotel Task 28760° 32179 26348  38932° 31487 28979 6571 2850 2075  —1293,6993 174 17

2The time variable was coded 0 for baseline, 1 for post-intervention testing and 2 for follow-up
b The GMT-group performed the Hotel Task significantly better than the WLC-group at baseline
¢ Significant main effect of time

dVariable was log transformed to correct skewed distribution of scores

Table 8 Linear mixed model analysis (ITT N=281): self- and clinician rated functioning

GMT Mean scores WLC Mean Scores Group x Time interaction
T1? T2 T3 T1 T2 T3 df b (GMT) bSE  95%Cl P r
GAF-F 43.87¢ 47.31 48.82 42.66 43.97 46.92 82.96 033 133 —2.31,2.98 802 .00
SFS:
Withdrawal 8.07 8.85 9.75 797 739 7.80 49.97 044 035 —0.26,1.14 210 18
Interpersonal behavior 6.85 6.05 6.70 567° 5.79 555 57.54 —0.15 0.30 —0.74,044 618 07
Pro-social activities 1271 11.58 14.32 1036 9.89 8.68 3494 084 0.81 —0.80, 248 307 17
Recreation 17.58 17.00 19.55 15.03 15.50 15.65 5281 0.80 0.73 —067,226 280 15
Independence Competence 33.21 3426 3484 3155 3156 31.21 5435 0.17¢ 0.10 —0.03,0.36 097 22
Independence Performance  24.59 25.16 26.75 23.18 2346 24.15 4873 091 0.74 —0.58,2.40 227 a7
Employment 6.16 5.55 6.75 5.54 443 4.80 5160 047 045 —044,1.38 305 14

2The time variable was coded 0 for baseline, 1 for post-intervention testing and 2 for follow-up
b The GMT-group scored significantly higher on the subscales Interpersonal behavior than the WLC-group at baseline
€ Main effect of time

dVariable was log transformed to correct skewed distribution of scores

Table 9 Linear mixed model analysis (ITT N=281): clinical symptoms

GMT Mean scores WLC Mean Scores Group x Time interaction
T? T2 T3 T1 T2 T3 df b (GMT) bSE 95% ClI P r
SCI-PANSS:
Positive 12.21¢ 9.09 9.58 11.26 9.26 857 8043 0.05 0.46 —0.85,0.96 910 01
Negative 13.85 11.76 12.94 16.69° 15.87 15.00 78.36 035 0.60 —0.84,1.54 562 07
Disorganized 6.87¢ 6.15 6.88 7.7 6.69 6.35 82.27 041 0.29 —0.17,0.99 165 A5
Depressed 10.38 8.52 8.61 10.36 9.97 9.54 7545 —0.50 032 —1.13,0.14 123 18
Excited 8.95¢ 767 8.18 8.38 7.08 6.92 85.37 0.34 035 —0.35,1.03 327 11
SCL-10 2487 2045 22.00 2344 2359 2425 64.05 —232 097 —4,25,-0.39 .019 29

Bold values are statistically significant
2The time variable was coded 0 for baseline, 1 for post-intervention testing and 2 for follow-up
b The WLC-group had significantly higher mean levels of negative symptoms at baseline than the GMT-group

¢ Significant main effect of time
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SCL-10, F(1, 64.05)=5.78, p .019, r .29. See Tables 7, 8
and 9 for results of the mixed model analyses.

Post-hoc explorations of change within each group
showed that the GMT-group demonstrated significant
improvement on the primary outcome measure for
objective EF, the CPT3, over time, F(34.18) =4.33, p .045,
r .33, while the WLC-group did not demonstrate statis-
tically significant improvement, F(35.75)=1.58, p .216,
r .20. The GMT-group also showed significant improve-
ment over time in self-reported performance (SFS Per-
formance GMT F(21.07)=5.17, p .034, r .44 versus WLC
F(29.70)=0.19, p .666, r .08) and competence in inde-
pendent activities of daily living (SFS Performance GMT
F(32.68)=4.79, p .036, r .36 versus WLC F(22.73) =1.39,
p 251, r .24). However, improvement was significant
in both groups for the Tower task, mean objective EF,
GAF-F and the UPSA. None of the groups experienced
improvement on the CWIT and, in fact, the WLC-group
showed greater improvement on the Digit Span and the
Hotel Task, F(40.40)=9.82, p .003, r .44 compared to the
GMT-group, F(25.02)=1.92, p .176, r .26.

Post-hoc explorations of change within each group
showed that the GMT-group demonstrated significant
reduction in depressive symptoms, F(37.01)=12.97,
p<.001, r .51, while the WLC-group did not demonstrate
statistically significant improvement, F(38.38)=2.67, p
.111, r .26. The opposite was found for excited symptoms.
The WLC-group demonstrated a significant reduction in
excited symptoms, F(41.80)=12.01, p .001, r .47, while
the reduction in the GMT-group did not reach statistical
significance, F(44.51)=1.78, p .189, r .20.

Discussion

This study examined the efficacy of GMT in improving
EF among people with schizophrenia spectrum disorders
or psychosis risk syndromes. To our knowledge this is the
first RCT of stand-alone GMT as an early intervention
for this patient group. GMT led to a significant and clini-
cally reliable reduction of dysexecutive problems in daily
life 6 months after the intervention. The largest effects
of GMT on self-reported EF were in initiating activi-
ties, planning/ organizing, self-monitoring and shifting
focus between activities as assessed with the BRIEF-A
subscales. The effect GMT had on increased initiation of
activity is especially compelling as this has been reported
to be the most impaired domain both in our sample and
in a previous schizophrenia study [7]. Difficulty initiating
activity is also a challenging symptom to treat in schizo-
phrenia [79].

We did not find significantly greater improvement on
objective EF measures in the GMT-group compared to
the WLC-group. Since the post-hoc analysis showed
improved scores on overall objective EF and the Tower
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task in both groups, this likely reflects practice effects
due to repetition of measures similar to previous studies
in schizophrenia [64, 80]. There could be several possible
reasons why GMT changed subjective EF more consist-
ently than objective EF. It may be that GMT primarily
had a compensatory, rather than restorative, mechanism
within the follow-up period of the present study [33, 81].
A restorative mechanism supposes an improvement in
specific cognitive functions (for example through fre-
quent task repetition) leading to improved performance
on objective measures [82]. A compensatory mechanism
supposes learning to use other, better functioning areas
of cognition to work around specific challenges. Meta-
cognitive strategy training programs such as GMT, could
potentially have both a compensatory and a restorative
effect [83]. The earliest effects of GMT might be expected
at the behavioral level as a result of compensatory strat-
egy use in real-world situations. However, there might
also be a restorative effect of GMT on specific executive
functions over time when the strategy becomes automa-
tized through repetition. Current evidence implies that
GMT leads to improved performance on neuropsy-
chological tasks across study populations, especially in
a working memory task [24]. It is not certain why the
present study failed to show similar effects of GMT on
objective EF. The study may have lacked sufficient power
to detect small treatment effects, especially considering
that our study sample performed as well as normative
samples on some of the objective tasks at baseline [84]. It
is also possible that people with psychosis require more
support outside sessions in order to internalize GMT-
strategies. Nonetheless, since GMT is a metacognitive
strategy training rehearsed in real-world situations, neu-
ropsychological tests may not have been the most suit-
able outcome measures in the present study. The end goal
for GMT is improving goal-directed behavior in real life.
The use of systematic observation of familiar and novel
real-life tasks might hold the key to unlocking the real
potential of GMT [22, 36].

Furthermore, subjective and objective measures of
EF are rarely strongly correlated in neither healthy nor
clinical samples [85, 86]. One of the main strengths of
objective measures is limiting the influence of confound-
ing factors through control over the test situation. As
a consequence, the objective test setting provides too
much structure to assess the complexity of interacting
components of executive function required in real-life
[87]. Subjective measures, on the other hand, are better
at capturing complex everyday situations, but are more
easily influenced by confounding emotional states [88].
Since the discrepancy between subjective and objective
measures of cognition is often larger among persons with
schizophrenia than in healthy samples, caution should
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be exercised in the interpretation of the mechanisms of
change in subjective EF in the present study [89-92].
That is not to say that self-reported executive functioning
is not of clinical importance as it has been shown to pre-
dict important life outcomes, for example academic per-
formance in college [93], and impulse control in younger
people [94]. In addition, fewer subjective cognitive com-
plaints in schizophrenia are associated with better physi-
cal and psychological well-being [95]. Lower scores on
the BRIEF-A in particular is associated with greater
personal recovery among people with schizophrenia
spectrum disorders [21]. Furthermore, it is possible that
a reduction in executive difficulties in real-world situa-
tions leads to attempting more challenging tasks [21, 96,
97]. Over time this can build increased confidence in the
mastery of activities of daily living, similar to what was
observed in the first case study of GMT in schizophrenia
[36].

There was no effect of GMT as a stand-alone inter-
vention in functional capacity (UPSA and Hotel Task),
self-reported activities of independent living (SES) or
clinician rated global functioning (GAF-F). Some of this
may be due to methodological issues. For example, the
UPSA may have lacked the sensitivity required to detect
meaningful treatment effects, as it has shown ceiling
effects in previous studies among younger individuals
with a first episode of psychosis [98—100]. The Hotel task
may have been subject to an inverse treatment effect due
to similarities to a practical multi-tasking exercise dur-
ing GMT. In a demonstration during session six, GMT-
participants are instructed to shift quickly between tasks,
but not divide their time equally as in the Hotel task. An
inverse effect where GMT-participants perform more
poorly on the Hotel task after GMT has been observed
previously in a GMT study [27].

The post-hoc analysis of the SFS indicated that change
did occur in self-reported performance and competence
in activities of independent living in the GMT-group and
not the WLC-group, but that the analysis lacked suffi-
cient statistical power to reveal this in the main analysis.
The clinician ratings of global function, however, showed
that both groups improved their functioning over time
showing that GMT did not outperform treatment as
usual. Global function as defined in GAF-F is a very
broad construct including areas of life not necessarily
expected to change in the time span of the present study.
Thus, using Goal Attainment Scale as an outcome meas-
ure of progress on individual goals of everyday function-
ing, as originally intended, would likely have been a more
appropriate measure [101].

It is possible the interval of 6 months between inter-
vention and follow-up measurements was not long
enough to detect an effect of GMT on daily life function,
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since the GMT-strategy is internalized through repeti-
tion over time. Unfortunately, the present study did not
assess the amount of strategy rehearsal each participant
engaged in, and therefore it is not known to what degree
the strategy was internalized. Nonetheless, our finding
is in line with existing evidence indicating that cognitive
remediation should be integrated into psychosocial reha-
bilitation programs in order to improve real-world func-
tioning [11, 102, 103]. Combining GMT with restorative
drill training and vocational rehabilitation may offer the
most promise for achieving functional gains among peo-
ple with psychosis and EF impairments [33, 102-104]. In
a study by Vizzotto and colleagues GMT was combined
with occupational therapy where participants with treat-
ment-resistant schizophrenia practiced real-life tasks
during sessions lasting a total of 45 h [35]. In that con-
text, GMT improved performance on observed real-life
tasks and informant reports of independent living. The
aim of the present study was to assess stand-alone meta-
cognitive strategy training as this has rarely been done in
schizophrenia [15, 33]. However, the end goal of research
on cognitive remediation in schizophrenia is to develop
rehabilitation that maximizes the improvement in func-
tion, including participation in education and work [105,
106]. Future studies might consider comparing the effects
of GMT to other forms cognitive training. Investigating
GMT in combination with drill and practice training of
executive functions might also further elucidate mecha-
nisms and assist in the search for optimal treatments.
GMT led to improvement in self-reported, but not
clinician rated, clinical symptoms. Since clinician rated
symptoms were reduced over time in both groups, the
reduction was most likely due to treatment as usual. It
is possible that an improvement in EF would be associ-
ated with better self-regulation and a reduction in stress-
ful experiences in daily life. A bidirectional interplay
between EF and psychopathology has been suggested
[107, 108]. Executive difficulties among adolescents and
young adults with psychosis may exacerbate challenges
in meeting the increased expectations of self-organiza-
tion at home, in school, or in social situations. Failing to
meet expectations from parents, peers, or teachers could
cause stress and raise the risk of clinical symptoms [109,
110]. Accordingly, the reduction on self-rated symptoms
of anxiety after GMT may be an expression of improved
self-regulation and fewer stressful encounters. Perhaps it
reflects those participants felt less overwhelmed in every-
day situations when using the GMT strategies.
Converging evidence of reduced depressive symp-
toms after GMT from both self-reports and clinician
ratings indicate that GMT had a positive effect on
depression, as well. However, the change assessed by
the clinicians was small and could only be detected in
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the post-hoc analysis. In addition, excited symptoms
were only reduced in the control group, indicating that
symptoms fluctuated in the sample over time and that
the significant changes could be spurious findings.

The sample in the present study included both
persons recently diagnosed with a schizophrenia
spectrum disorder and persons with psychosis risk
syndromes. Studies on cognitive remediation for psy-
chosis risk are scarce and have not previously inves-
tigated metacognitive strategy training [15]. Some
have argued that improved EF in everyday life could
potentially protect against a worse prognosis by pre-
serving role function during an important phase of
life when work, social and family life begins to be
established [11, 111]. In our sample, there were not
enough participants with psychosis risk syndrome
to analyze this subgroup alone. However, effects of
GMT were similar in analyses with and without psy-
chosis risk participants. Even though the current
study cannot conclude that GMT has a preventative
effect on prognosis, improvements in subjective EF
among at-risk participants are important nonethe-
less because it may indicate a reduction of friction in
everyday situations [112]. Everyday stressors tends to
increase intensity of psychotic symptoms [113]. The
relationship between cognition and stress in psycho-
sis is in need of further elucidation [114]. However,
improved self-reports of executive problems such
as inattentiveness, impulsive behavior or challenges
initiating activities may potentially have a protective
effect early in psychotic illness [14, 21].

Implications

GMT is a valuable addition to early intervention in the
schizophrenia spectrum disorders and psychosis risk
syndromes, because EF is important in everyday situa-
tions and frequently severely impaired in these patient
groups [5, 7, 8]. Aside from the associations subjec-
tive EF has with personal recovery, experiencing that
you are better able to plan, start and organize everyday
tasks, monitor yourself and shift focus when required,
could have a positive impact on the participants’ eve-
ryday life and adherence to treatment for psychosis.
GMT proved to have clinically reliable and lasting
effects after being administered in groups over a brief
period of 5 weeks. Participants also reported less anxi-
ety and depressed mood after intervention. Thus, this
suggests that GMT can provide considerable gains at
low cost in clinical settings. The standardized manual
ensures fidelity and allows for efficient training of cli-
nicians. Future studies should assess maintenance of
strategies learnt during GMT [115].
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Strengths and limitations

The robust randomized design featuring masking of con-
ditions and follow-up over 6 months with low attrition
rates are important strengths of this study. The sample
size ensured sufficient statistical power to detect mod-
erate effects. The extensive assessment protocol with a
multimodal approach to the measurement of EF is also
a strength of the study. However, the protocol lacked
observational measures of real-life situations and com-
munity functioning and was a missed opportunity of cap-
turing potential beneficial effects of GMT on functioning
[35, 36, 116]. The primary outcome measure that showed
the largest treatment effect of GMT was self-reported EF,
which may be vulnerable to cognitive deficits in self-eval-
uation, demand characteristics and social desirability bias
[117]. The neuropsychological tests were the same at all
assessment points. It would have been preferable to use
tests with alternative versions to avoid practice effects.

An important question is whether the study has suf-
ficient generalizability beyond this sample. The sample
was young and had received treatment for psychosis for
a maximum of 5 years or had psychosis risk syndromes.
It is therefore somewhat uncertain if the results may be
generalized to older adults who have been living with
schizophrenia for a longer period of time. However, a
recent study using the GMT protocol in combination
with occupational therapy among adults with treatment-
resistant schizophrenia and a higher mean age found
similar results [35].

Treatment as usual at the time of participating in the
present study varied somewhat since not all patients
received both psychotherapy and drug treatment. This
heterogeneity may have interfered with treatment
effects of GMT. For example, attending psychotherapy
may increase metacognitive capacity [96]. However,
there were no significant difference between the GMT-
group and WLC-group in concomitant treatment after
randomization. Also, we did not find that other con-
comitant treatment moderated the effect of GMT when
controlling for this statistically. Another caveat is that
the GMT-group had fewer negative symptoms than the
WLC-group. Since negative symptoms mediate the rela-
tionship between cognition and functional outcome,
findings need to be replicated to ensure that the efficacy
of GMT also applies to individuals with higher levels of
negative symptoms [118]. Nonetheless, we did control for
negative symptoms in the statistical analysis in the pre-
sent study and negative symptoms did not influence the
outcome of GMT on subjective EF.

Our sample was selected on the basis of EF complaints.
In addition, the GMT-group reported greater difficulties
with EF in everyday situations at baseline than the WLC-
group, which may have inflated the effect size of the main
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finding, but the effect of GMT remained significant when
controlling for this baseline difference by removing the
main effect of treatment group [119].

Conclusions

To our knowledge, this is the first high-quality RCT of
stand-alone metacognitive strategy training in people
with schizophrenia spectrum disorders and psychosis
risk syndromes. Our main findings demonstrated that a
five-week, group-based GMT program was effective in
reducing self-assessed, daily-life executive dysfunction.
Finally, the study had a low attrition rate, suggesting high
participant acceptance of the intervention.
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Abstract

Goal Management Training (GMT) improved self-reported executive functioning in a recent
randomized controlled trial in early intervention for psychosis participants. Little is known
about the mechanism for this benefit, so this study investigates objectively measured
executive function, and the difference between subjective and objective executive function as
potential moderators of efficacy of GMT.

Baseline scores from 81 participants (GMT n = 39 vs Treatment-as-usual; TAU n =
42) were analyzed in a linear mixed model analysis for repeated measures as predictors of
improvement on the self-reported Behavior Rating Inventory of Executive Function — Adult
version (BRIEF-A) immediately and 30 weeks after GMT. Potential moderators were scores
from objective measures of executive functioning and discrepancy between subjective and
objective measures. Discrepancy was assessed by comparing four clusters of participants with
differing patterns of scores.

The effect of GMT remained significant regardless of initial objective executive
functioning at baseline. Those with higher subjective complaints at baseline in two clusters
with (7) both objective and subjective executive dysfunction, and (if) mostly subjective
executive dysfunction experienced greater change after treatment.

Poor performance on neuropsychological tasks is not an obstacle to making use of
GMT, but further knowledge is needed about the benefits of strategy training for individuals
with a combination of poor performance with few subjective complaints.



Introduction

Executive functions are vital to everyday functioning in people with schizophrenia and
psychosis risk (Kim et al., 2019; McGurk & Mueser, 2006; Santesteban-Echarri et al., 2017).
Executive dysfunction is already noticeable prior to the onset of psychotic illness (Catalan et
al., 2021). Goal Management Training (GMT; Levine et al., 2000), a meta-cognitive strategy
training, is effective in improving self-reported executive functioning in young people with
early schizophrenia spectrum disorders or psychosis risk syndromes (Haugen et al., in press).
The improvement was a clinically reliable change for most participants and remained
significant when clinical symptoms were controlled for. GMT was not superior to treatment
as usual in improving objective executive function, except for attentional control.
Nonetheless, improvement of subjective executive function has clinical importance as it is
associated with better physical and psychological well-being and greater personal recovery
from psychotic illness (Paudel et al., 2020; Van Aken et al., 2022). The present study explores
potential predictors of change in subjective executive functioning following GMT

The efficacy of cognitive remediation in schizophrenia is well documented (Allott et
al., 2020b; Lejeune et al., 2021; Vita et al., 2021), but the identification of reliably replicated
moderators is challenging due to heterogeneity across studies in sample characteristics and
type of intervention (Seccomandi et al., 2020). There are currently few studies on the
predictors of treatment outcome in therapies aimed at young people or that specify executive
functioning as the key outcome. Since the recent trial was the first study of stand-alone GMT
in early schizophrenia, the mechanisms of change are important to identify in order to develop
more targeted and personalized rehabilitation (Bowie et al., 2020; Cella et al., 2015; Wykes &
Spaulding, 2011).

Although people with more severe impairments seem to gain the most from cognitive
remediation in schizophrenia (DeTore et al., 2019; Vita et al., 2021), we chose to investigate
baseline objective executive function as severe impairment could potentially prevent
participants from learning and using the GMT-strategies (Collins et al., 2014; Emmanouel et
al., 2018).

Another potential moderator of treatment effect of GMT is the discrepancy between
subjectively and objectively assessed executive function. A substantial portion of people with
schizophrenia report fewer subjective cognitive complaints relative to their objectively
measured difficulties (Harvey & Pinkham, 2015; Haugen et al., 2021; Potvin et al., 2014).
Individuals with psychosis risk syndromes, on the other hand, are more likely to report greater
subjective complaints compared to objective test performance (Glenthgj et al., 2020).
Discrepancy in either direction could be an obstacle for GMT. Greater subjective complaints
could prevent making use of the strategies taught, if the participants do not recognize their
potential ability due to negative thought patterns (Allott et al., 2020a; Beck et al., 2018; Cella
et al., 2014). Few subjective complaints combined with poorer test results could make it
difficult to recognize situations where the GMT-strategies might be effective. This pattern of
scores may reflect inaccurate self-assessment or lack of insight into cognitive difficulties
(Harvey & Pinkham, 2015; Olsson et al., 2019). Subjective cognition has rarely been
investigated as a moderator of cognitive remediation in schizophrenia and results are
contradictory (Seccomandi et al., 2020). One study found that more subjective cognitive
complaints were associated with larger benefits in objective cognition (Twamley et al., 2011).
In two other remediation trials subjective complaints was not a prerequisite for gains in
objective cognition, but was associated with better attendance (Burton & Twamley, 2015;
Saperstein et al., 2020). A study in psychosis risk found that subjective cognition did not
moderate outcome (Glenthgj et al., 2020).

In this study we will test: first that poor baseline objective executive function will



reduce GMT benefits, and second that a larger discrepancy between subjective and objective
measures of executive function in either direction at baseline will reduce benefit from GMT.

Methods

Design and procedure

This is a moderation analysis using data from an RCT with measures collected at 0, 5 weeks
(post-intervention) and 30 weeks (follow-up). Participants were independently randomized to
GMT (n = 39) or Treatment-As-Usual (TAU; n = 42). See Haugen et al. (in press) for details
on assessments and therapy. Assessments were collected by a clinical psychologist or
psychiatric nurse under supervision from specialists in neuropsychology and psychiatry. All
participants gave written informed consent (Trial registration: clinicaltrials.gov,
NCT03048695, Ethical Approval: Regional Committee for Medical and Health Research
Ethics, 2015/2118, Norway).

Participants

Participants (n = 81, approximately 60% males and 40% females with a mean age of 25
years), were recruited from an early-intervention service at Innlandet Hospital in Norway.
Table 1 shows sample characteristics. The inclusion criteria were: age 16 to 67 years,
symptoms of broad schizophrenia spectrum disorder according to the criteria in the
Diagnostic and Statistical Manual of Mental Disorders, DSM-IV-TR (American Psychiatric
Association, 2000) or one of three psychosis risk syndromes (attenuated positive symptoms,
brief intermittent psychotic symptoms, genetic risk combined with deteriorated functioning;
Miller et al., 1999; Yung et al., 1998) and subjective complaints of executive dysfunction
expressed as a total score above T55 on the Behavior Rating Inventory of Executive Function
— Adult version, BRIEF-A (Roth & Gioia, 2005) —a cut off considered to be clinically
relevant in the Norwegian cultural context (Lovstad et al., 2016). Participants were excluded
if they had comorbid neurological conditions, ongoing substance abuse, intellectual
impairment (estimated IQ < 70) or psychosis treatment for longer than five years.

Interventions

Goal Management Training (GMT) (Levine et al., 2000; Robertson, 1996) is a manualized
meta-cognitive strategy training aimed at improving executive functioning. Eighteen hours
(nine modules of approximately two hours duration) of GMT was administered by a clinical
psychologist to groups of three to eight participants twice a week. The main ingredient of
training is verbalization techniques (STOP — FOCUS on the present — STATE your goal —
SPLIT goal into subtasks — CHECK progress) for goal achievement in everyday situations.
Sessions included group discussions and practical exercises in present mindedness. Home
assignments included rehearsing strategies for half an hour each day between sessions. GMT
was provided in addition to usual care. Treatment-as-usual (TAU) group continued in their
usual care according to national Norwegian guidelines, which often consist of a combination
of psychotherapy, medication and family interventions (Norwegian Health Authority, 2013).



Table 1. Demographical and clinical characteristics (n = 81)

Sample characteristics Frequency Mean SD SE
Age 24.90 6.35 0.71
Gender

Female 32 (39.50%)

Male 49 (60.50%)
Education in years 12.90 1.83 0.20
Diagnosis (DSM-1V):
Schizophrenia spectrum disorder 65 (80.20%)

Schizophrenia 29 (35.80%)

Schizoaffective disorder
Schizophreniform disorder

Psychotic disorder not otherwise
specified

Delusional disorder
Psychosis risk syndrome
Positive attenuated symptoms
Brief limited intermittent symptoms
Genetic risk with deteriorated function
Duration of untreated psychosis (weeks)
Hospitalizations
Months in hospital
Drug therapy

Antipsychotics

14 (17.30%)

6 (7.40%)

15 (18.50%)

1(1.20%)

16 (19.80%)

9 (11.10%)

5 (6.20%)

2 (2.50%)
195.32  237.75  26.42
2.75 4.68 0.52
4.86 7.61 0.85

60 (74.10%)

50 (61.70%)

Measures

The outcome variable in this moderation analysis is subjective executive functioning -
reported as total raw score on Behavior Rating Inventory of Executive Function — Adult
version, BRIEF-A (Roth & Gioia, 2005). This is a 75-item questionnaire with nine subscales
covering inhibition, shifting, emotional control, self-monitoring, initiating, working memory,
planning/organizing, task-monitoring and organization of materials. It is reliable and valid in
healthy and clinical populations, including people with schizophrenia (Bulzacka et al., 2013;

Roth & Gioia, 2005; Van Aken et al., 2022).



Three normed 7-scores for the Inhibit, Shift and Working Memory subscales were
chosen as measures of subjective executive function that theoretically overlap with the
objective measures (Friedman & Miyake, 2017; Roth & Gioia, 2005) and used in the
calculation of the discrepancy score (see below).

Objective executive functioning

The first potential moderator is the mean z-score for baseline objective executive functioning,
created from normed scores on several neuropsychological tests of inhibition, shifting and
working memory according to contemporary theories of executive function (Friedman &
Miyake, 2017). A central criticism of previous studies has been the use of a single test to draw
conclusions about global executive functioning. The mean score across tests is considered
more robust against the influence of measurement error (Hwang et al., 2019).

The tests used were

1. Color Word Interference Test

The age normed scaled score for time spent on Color-Word Interference Test condition three
(CW3) from Delis-Kaplan Executive Function System (D-KEFS) (Delis et al., 2001), was
used as a measure of inhibition and condition four (CW4) was used as a measure of shifting.
2. Trail Making Test

The aged normed scaled score for time spent on condition four, Letter Number Switching,
from the Trail Making Test (TMT4) in D-KEFS (Delis et al., 2001) was used as a measure of
shifting.

3. Conners Continuous Performance Test

The age normed 7-score for commission errors from Conners Continuous Performance Test
3" edition (CPT3) (Conners, 2014) was used as a measure of inhibition.

4. Working memory: Digit Span and Letter-Number Sequencing

Working memory was assessed by averaging the age normed scaled scores from the Digit
Span and Letter-Number Sequencing (LNS) subtests in the Wechsler Adult Intelligence Scale
— 4 edition, WAIS-IV (Wechsler, 2008).

All measures have shown adequate test-retest reliability in normative samples (Conners,
2014; Delis et al., 2001; Wechsler, 2008).

Data analysis

Variables

The primary outcome in the analyses was the total raw score of the BRIEF-A (Roth & Gioia,
2005).

Two potential moderators were tested: Baseline objective executive functioning score
(described above), and Discrepancy between baseline subjective and objective executive
functioning. This second moderator was created by dividing participants into clusters based
on the normed scores from three subscales of BRIEF, the Inhibit, Shift and Working Memory
subscales, and normed scores from six neuropsychological tasks: CW3, CW4, TMT4, CPT3
commission errors, Digit Span and LNS. A two-step cluster analysis specified four clusters
based on Schwartz’s Bayesian criterion. The cluster solution was judged to be fair with
adequate cohesion and separation. Eight participants were not assigned clusters due to
missing scores.

The participants in Cluster A had poor scores on objective executive function but an
average level of subjective complaints. The cluster was labelled Mostly objective executive
dysfunction. Cluster B had high levels of subjective complaints but average performance on
objective tests and was labelled Mostly subjective executive dysfunction Cluster C had high
levels of subjective complaints and poor performance on objective measures and was labelled
Both objective and subjective executive dysfunction. The participants in Cluster D had



average performance on objective measures combined with relatively lower levels of
cognitive complaints and was labelled Neither objective, nor subjective executive
dysfunction. Table 2 shows the scores of the four clusters on subjective and objective
measures.

Moderator analysis

Linear mixed effect models for repeated measures (baseline, 5 weeks, and 30 weeks) were
fitted, with subjective cognitive complaints as the outcome (total BRIEF-A score). Random
intercept and first-order autoregressive covariance matrix was used. Moderator variables were
entered separately to test their influence independently, resulting in three different models
described below. Maximum likelihood estimation was used since the goal was to compare
nested models. Better model fit was defined as a significant reduction in minus twice the log
likelihood (-2LL) for the nested model, exceeding the critical values in a chi-square
distribution, p. < .05.

Model 0: The null model without moderators included fixed effects of time and the
treatment X time interaction as predictors. The main effect of treatment group was removed
from the model to adjust for potential baseline differences (Twisk et al., 2018).

Model 1a: Included objective executive functioning as a main effect and an interaction
effect with treatment and time (treatment x time x objective executive function).

Model 1b: The discrepancy between subjective and objective measures of executive
functioning was added to Model 0 as a main effect and an interaction effect with treatment
and time (treatment x time X discrepancy). Discrepancy clusters were added as categorical
variables. C: Both objective and subjective executive dysfunction was the reference category.

All p-values were two-sided and a 5% significance level was used. Statistical analyses
were conducted using IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA).

Statistical power

According to the principle of intention to treat, all partial data from the 81 participants who
entered into the study were analyzed (Gupta, 2011). There was some missing questionnaire
data for the outcome variable with completed questionnaires from 74 participants at baseline,
49 post-intervention and 43 at follow-up. All participants responded at least once. All 81
participants had scores for the predictor variable objective executive functioning at baseline
and 73 had discrepancy cluster membership. To evaluate the representativeness of the
available data, we compared baseline characteristics in those who completed one, two or three
questionnaires. We found no statistically significant differences in treatment condition, cluster
membership, demography (gender, age and education), clinical characteristics (diagnosis,
symptoms, global function and treatment) or cognitive characteristics (estimated 1Q,
subjective and objective executive function). Missing data was assumed to be missing at
random. Thus, imputation of missing outcome values was not performed as the linear mixed
effect models provides unbiased estimates under the assumption of missing at random
(Krueger & Tian, 2004; Muth et al., 2016). Degrees of freedom are listed for each effect in
Table 3. Sample size was calculated for the primary endpoint of the RCT, which was to
estimate the efficacy of GMT compared to treatment as usual (Haugen et al., in press).
Because of the exploratory nature of this study, no power calculations were performed for the
measures in this study.



‘'€ dS) 0| ©J00s pajess S| sainseaw Yse) 8y} 1o} ueaw aAljewIou 8y (0L dS) 0GL S! V-4314g JO Ueaw aAljewIOU 8y | :9)}ON

(0272) (68°2) (€v'01) (g8€) (v6°€) (L&) (99°04) (vge) (0841 (/1) SIGISN[D SSQIOE BBEIBAY
98'6 99'6 99°/9 7] 6. 9829 ¥8'GS 12’8 L¥'8G
. . . . . . ) ) . uonounysAp
A I
JaypeN :(Lgu) @ J8sn|o
(€22) (69°1) (85°9) (¥S°1) (6£°2) (58°2) (88°6) (¢6°¢) (6E°1LL) uonounjsAp ennoslgns pue
G8'8 GS'8 292, Gl') 692 ¥S'¥9 1129 Sy 00°29 aAjjosfqo yjog (gLu) O J8isniD
(zg2) (€9°2) (ev'v) (98°2) (zg2) (zzoL) (1g'oL) (0¥'2) (8g0L) uonounysAp enynosxe
98'6 ¥9'8 Ge'L. 0£'8 G6'6 zzzL 0€°.S 9¢'6 €129 | enpoalgns Apsopy (gzu) g Jeisn|o
(L22) (68°0) (ov'2) (eze) (9g°¢) (L2'2) (9g'01L) (22°1) (¥0'6) uonounysAp enynosxe
08'8 88’8 0SS 90'G 909 18'€G GZ'GS GZ'9 95'8¥ anposlqo Apsopy ((9Lu) v J8isniD
SS ueds 1 ANM 1 Wys 1 3auyul

ubig SS SN V-43149 SSv1INL SS ¥MO V-43149 1 €-1dD SSEMO  Vv-ddidd

(@s) uesyy Aows|y Buiop (@s) uesyy Buiys (@s) uesyy uonigiyu sJ9)sn|o

$.42151]D ANOJ Y} Ul UOIUNS dA1INIIXD 2A11I2[qO pup 241102[gNS 1O $2.4008 T Qe



Results

Figure 1 is an illustration of the mean values of BRIEF-A total raw score for each cluster in
the GMT-group. In the GMT condition, participants in cluster C experienced the greatest
reduction in executive complaints after intervention, followed by participants in cluster B.
Participants in cluster D experienced a reduction in subjective complaints immediately after
GMT that had increased somewhat again at follow-up. Participants in cluster A experienced
little to no change in self-reported executive function in real-world situations.

Clusters in the GMT group
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Figure 1: BRIEF-A outcome after intervention in clusters with different discrepancy
between subjective and objective executive function

Mean values of BRIEF-A raw score over time in _four clusters based on discrepancy between
subjective and objective measures at baseline in the treatment group.

Table 3 displays the results of the linear mixed effect models analyses.

Model 1a shows that objective impairment did not moderate the effect of GMT since the
interaction effect between treatment x time x objective executive functioning was not
significant, F 0.65, p .526, and the treatment effect of GMT (group x time) remained of
similar size as in the previous model, F'4.62, p .035. Model 1a did not show a significant
improvement in statistical fit compared to Model 0.

Model 1b shows that the treatment effect of GMT remained significant when taking
discrepancy cluster membership into account, F 6.41, p .031. There was a significant main
effect of discrepancy, F 25.64, p <.001, but the interaction effect between discrepancy and
treatment effect was not significant, /' 1.37, p .241. Model 1b was superior in describing the
data with significantly increased model fit compared to Model 0. The cluster with Mostly
Objective Executive Dysfunction improved significantly less than the cluster with Both
Objective and Subjective Executive Dysfunction, p .036.
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Discussion

We did not find support for our hypothesis that pronounced executive dysfunction measured
with objective tasks could interfere with learning in the GMT-groups and prevent participants
from making use of the strategies taught (Cicerone et al., 2019; Emmanouel et al., 2018).
GMT was equally effective irrespective of performance on tasks of executive function. These
results mirror a recent meta-analysis of moderators of cognitive training in schizophrenia that
found that even people with severe cognitive dysfunction benefit from cognitive remediation
(Vita et al., 2021).

We found partial support for our hypothesis that a larger discrepancy between
subjective and objective executive function at baseline in either direction would be an
obstacle to successful strategy training with GMT (Allott et al., 2020a; Beck et al., 2018;
Harvey & Pinkham, 2015). Treatment effect of GMT remained significant when considering
discrepancy, but participants with mostly objective executive dysfunction unaccompanied by
pronounced subjective complaints experienced less benefit from GMT compared to
participants with both subjective and objective dysfunction. This finding is in contrast to
studies where objective cognition was the outcome (Burton & Twamley, 2015; Saperstein et
al., 2020). Note, however, that in our study participants in the Mostly objective executive
dysfunction cluster reported few subjective complaints to start with, so the lack of change
could be due to a floor effect. Having mostly subjective complaints without accompanying
poor task performance did not serve as an obstacle to benefiting from strategy training with
GMT.

Clinical implications

Clinicians may recommend GMT to people with schizophrenia spectrum disorders or
psychosis risk syndromes with self-reported executive dysfunction. Poor performance on
neuropsychological tests is not an obstacle to benefiting from GMT. However, individuals
with more severe objective dysfunction unaccompanied by subjective complaints might not
benefit. Measuring both subjective and objective cognition in clinical assessment is important
because discrepancy issues may be discovered and discussed with patients. Assisting patients
in recognizing relevant everyday examples of cognitive difficulties should be carried out
while also supporting self-efficacy and self-esteem (Cella et al., 2014; Haugen et al., 2021;
Saperstein et al., 2020).

Implications for future research

Future research on cognitive remediation in schizophrenia may benefit from exploring the
significance of discrepancy between subjective and objective cognition. So far the evidence
that unawareness of cognitive difficulties is an obstacle for successful remediation is sparse
and contradictory (Seccomandi et al., 2020).

Strengths and limitations

A strength of the study is the extensive assessment battery tapping different aspects of
executive function. However, questionnaire data was missing at follow-up and may raise a
concern about bias, except that we were unable to detect significant differences between the
participants who completed all questionnaires and those who did not. This reduces the
likelihood of bias. We also used mixed model analysis because it can accommodate missing
data points and provide unbiased estimates under the assumption of missing at random
(Krueger & Tian, 2004; Muth et al., 2016; Schielzeth et al., 2020).



Conclusions

Goal Management Training does not seem to be affected by levels of objective executive
functioning. The relevance of differences between subjective and objective assessments as a
barrier to successful intervention should be further explored.
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