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COGNITIVE & EXPERIMENTAL PSYCHOLOGY | RESEARCH ARTICLE

The network structure of dysfunctional 
metacognitions, CAS strategies, and symptoms
Frederick Anyan1*, Henrik Nordahl1 and Odin Hjemdal1 

Abstract:  In the metacognitive model of psychological disorders, metacognitive 
strategies and corresponding underlying metacognitive beliefs intensify and main
tain emotional distress symptoms. In the current study, our three objectives were to 
evaluate and replicate the network structure of dysfunctional metacognitions as 
assessed with the MCQ-30, to examine its stability when adding relevant covariates 
in the form of metacognitive strategies (worry and rumination) and symptoms 
(anxiety and depression), and to evaluate how different sets of dysfunctional 
metacognitions are more or less strongly linked differently to metacognitive stra
tegies and symptoms. A cross-sectional university sample with a mean age of 26  
years (N = 440; Males = 156, Females = 283) completed the Metacognitions 
Questionnaire–30, Penn State Worry Questionnaire, Ruminative Response Scale, and 
Hopkins Symptom Checklist. Data were analysed using psychological network ana
lysis in R-studio statistical software. The network structure of dysfunctional meta
cognitions replicated well with item clusters that correspond to clinically meaningful 
substructures in the metacognitive model. Negative metacognitive beliefs and 
beliefs about uncontrollability might have more functional significance in the 
mutual connections between dysfunctional meta-domains as well as the connec
tions with metacognitive strategies and symptoms. For worry and anxiety, negative 
beliefs about uncontrollability and corresponding danger of worry were more pro
minently connected in the network structure. For rumination, cognitive self- 
consciousness was more prominent, whereas for depression, need for control was 
more prominently connected. Support was found for mutual interdependence 
between different sets of dysfunctional metacognitive beliefs, that metacognitive 
beliefs are linked to but separate from metacognitive strategies, and that these may 
function together in affecting emotional distress symptoms
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1. Introduction
The Self-regulatory Executive Function (S-REF) model (Wells & Matthews, 1994, 1996) postulates 
that psychological disorders are maintained by a maladaptive thinking style called the Cognitive 
Attentional Syndrome (CAS). The CAS consists of worry/rumination, inflexible self-attention/threat 
monitoring, and maladaptive coping behaviours and is directed and influenced by dysfunctional 
metacognitions (i.e. beliefs about cognition) (Wells, 2009). Thus, dysfunctional metacognitive 
beliefs are regarded as an underlying cause of psychological disorders (Wells, 2009, 2019). 
Dysfunctional metacognitive beliefs in psychological disorders have been assessed by using the 
Metacognitions Questionnaire 30 (MCQ–30; Wells & Cartwright-Hatton, 2004) adapted from the 
original MCQ–65 (Cartwright-Hatton & Wells, 1997). The questionnaire consists of five distinct 
domains of metacognitive knowledge on separate subscales, namely, (i) Positive beliefs about 
worry (POS) – which assesses the extent to which a person believes that worrying is useful (e.g.’ 
Worrying helps me to avoid problems in the future’), (ii) Negative beliefs about the uncontrollability 
and corresponding danger of worry (NEG) – which assesses the extent to which a person thinks that 
worrying is uncontrollable and dangerous (e.g. ‘When I start worrying, I cannot stop’), (iii) Cognitive 
confidence (CC) – which assesses confidence in memory (e.g. ;’I have a poor memory’), (iv) Need for 
control (NC) – which assesses the extent to which a person believes that certain types of thoughts 
need to be controlled (e.g. ‘It is bad to think certain thoughts’), and (v) Cognitive self-consciousness 
(CSC) – which measures the tendency to monitor one’s own thoughts (e.g. ‘I constantly examine 
my thoughts’).

Several past studies have investigated the contribution of different sets of metacognitive beliefs 
in trait worry and obsessive-compulsive symptoms (Wells & Papageorgiou, 1998), hypochondriasis 
(Bouman & Meijer, 1999), predisposition to auditory hallucinations (Morrison et al., 2000), depres
sion (Papageorgiou & Wells, 2003), post-traumatic stress disorder (Roussis & Wells, 2006), state 
anxiety (Spada et al., 2008), alcohol use and problem drinking (Spada et al., 2009), trait-anxiety 
(Nordahl, Hjemdal, et al., 2019), gambling disorder (Rogier et al., 2021), and common symptoms of 
psychopathology (Nordahl, Ødegaard et al., 2019). Overall, results have supported positive rela
tions between metacognitive beliefs and psychopathology while articulating that metacognitive 
therapy (MCT; Wells, 2009) could show favourable treatment outcomes by effectively producing 
metacognitive change. A view supported in two meta-analytic reviews that examined the efficacy 
of MCT for anxiety and depression (Normann et al., 2014) and various disorders including depres
sion, generalized anxiety, post-traumatic stress, comorbid, and mixed emotional problems 
(Normann & Morina, 2018). Additional evidence from a recent meta-analysis found differences in 
the prevalence and importance of different sets of dysfunctional metacognitions for various 
disorders (Sun et al., 2020). Results indicated that specific sets of dysfunctional metacognitions 
were more prominent in some disorders than others. Negative beliefs about uncontrollability and 
danger of thought were more prevalent in generalized anxiety disorder, whereas in obsessive- 
compulsive disorders, cognitive self-consciousness was more prevalent. The authors concluded 
that different sets of dysfunctional metacognitions are more or less prevalent and important 
across different disorders.

The metacognitive model highlights the mutual interdependence between metacognitive beliefs 
that function together in psychological disorders (Wells, 2009). However, our search found only 
one study with the application of a statistical model (e.g. psychological network analyses) to the 
metacognitive theory to provide information about how metacognitive beliefs mutually influence 
each other. This is a new perspective that emerged a decade ago as an alternative to conceptua
lizing psychological constructs – psychological network analysis – in the frame of Complexity 
Science (see Braithwaite, 2022). This perspective proposes that symptoms reciprocally and dyna
mically reinforce each other, forming a causally connected network system, such as psychological 
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disorder (Borsboom & Cramer, 2013; Borsboom, 2008) unlike the common factor model, which 
estimates psychological disorders as the consequence of an underlying latent factor that influ
ences the observed symptoms. Network analysis can be used to examine the importance or 
centrality of different sets of dysfunctional metacognitive beliefs, their mutual interdependence, 
or associations, thus opening a way to empirically determine and provide specific information 
about how different metacognitive beliefs mutually interact, often reciprocally, and reinforce each 
other. With the network approach, it is also possible to examine how multiple constructs interact in 
a complex system of networks. For instance, it is possible to examine how different metacognitive 
beliefs influence the activation of other maladaptive domains such as a community of anxiety 
symptoms through the so-called bridge connections.

Nordahl et al. (2022) examined the relations between variables that assess metacognitive beliefs 
and found that items of the MCQ–30 appeared to cluster in meaningful substructures correspond
ing to the metacognitive theory. Two nodes with the highest node strength, and therefore 
important targets to affect the MCQ–30 network structure were MCQ26 (‘I do not trust my 
memory’) and MCQ9 (‘My worrying thoughts persists no matter how I try to stop them’). This 
observation implies that, targeting or facilitating greater changes in MCQ26 and MCQ9 in treat
ment is likely to have the largest impact on the whole network (e.g. more global change of 
dysfunctional metacognitions). Most of the items in the network structure were positively con
nected, supporting the notion that items may co-occur or mutually influence each other. This is 
contrary to several assumptions in the Common Factor Analysis approach to latent variable 
modelling. Among them, (i) the assumption that the latent cause (e.g. disorder or disease) is 
distinct from its symptoms, (ii) the disorder causes the symptoms, and (iii) the local independence 
assumption, which means that symptoms reflecting the disorder are functionally independent 
when conditionalizing on the presence of the latent common cause. The network approach can 
therefore provide interesting nuances in the nature and structure of dysfunctional metacognitions 
and their mutual interdependence. Further results in the study (Nordahl et al., 2022) revealed that, 
‘need for control’ showed the highest score across three commonly used centrality measures 
(strength, closeness, and betweenness), indicating that need for control is important in the network 
structure, and its activation has a strong influence on other sets of metacognitive beliefs. Targeting 
this central belief domain means changes in the network structure can be affected quickly, making 
it a potential target for effective metacognitive change.

As reviewed in previous sections, the S-REF model (Wells & Matthews, 1994, 1996) highlights 
dysfunctional metacognitions (i.e. beliefs about cognition) as directing or influencing maladaptive 
thinking (e.g. worry and rumination—CAS strategies), which is also involved in symptoms (e.g. 
anxiety, and depression). Thus, dysfunctional metacognitions are regarded as an underlying cause 
of psychological disorders (Wells, 2009, 2019). Until recently, no study applied psychological net
work analysis to explore the structure of dysfunctional metacognitions. It remains to be investi
gated (i) whether the network structure of dysfunctional metacognitions can be replicated, adding 
to the generalizability of the metacognitive model as well as (ii) to investigate its stability (i.e. 
whether the network structure will remain unchanged when adding relevant covariates) and finally 
(iii) how different sets of dysfunctional metacognitive beliefs are linked differently to CAS strategies 
and symptoms. This study sought to fill these gaps.

Our first goal was to replicate the network structure of the MCQ–30 in a university sample. 
Replications across different samples can contribute to generalizability of findings related to the 
metacognitive model. For our second goal, we examined whether the MCQ–30 network structure 
will remain unchanged when adding relevant covariates in the domains of CAS (worry and 
rumination) and symptoms (anxiety and depression) as well as gender and age. A stable and 
unchanged MCQ–30 network structure after controlling for the effect of CAS strategies and 
symptoms would be important in explicating, for example, that metacognitions are different 
from CAS strategies (cognition) and symptoms. Because of the known associations between 
metacognitive beliefs, age, and gender, it was necessary to include them as routine covariates. 
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Wells and Cartwright-Hatton (2004) found no gender differences, while others (e.g. O’Carroll & 
Fisher, 2013; Spada et al., 2008) reported differences in the MCQ–30 subscales. Younger age was 
associated with higher reports of the MCQ–30 (Grøtte et al., 2016; Spada et al., 2008). The inclusion 
of different and relevant covariates in the network structure of MCQ–30 is important to establish 
greater validity, robustness, and continued research in the nature and structure of dysfunctional 
metacognitions for theoretical and empirical harvest. Finally, for our third goal, we examined the 
connections between the five domains of metacognitive beliefs, the CAS (worry and rumination), 
and symptoms (anxiety and depression). In this way, we can empirically determine how different 
sets of metacognitive beliefs are more or less strongly connected with worry, rumination, and 
symptoms through the so-called bridge connections. Due to the exploratory nature of network 
analysis, we adopted an atheoretical approach and made no specific hypotheses.

2. Materials and methods

2.1. Participants and procedure
Students at the Norwegian University of Science and Technology were invited to take part in the 
study. Four hundred and forty students with a mean age of 26 years participated (N = 440; Males =  
156, Females = 283). Participation was voluntary, and participants could withdraw their informed 
consent at any time without consequences. The research project was approved by the Norwegian 
Ethics committee—project ID 2016/339.

2.2. Measures
The Metacognitions Questionnaire–30 (MCQ–30; Wells & Cartwright-Hatton, 2004) assesses mala
daptive metacognitive beliefs according to metacognitive theory. Each item is rated on a 4-point 
Likert-type scale. The MCQ-30 consists of five subscales. Higher scores indicate stronger endorse
ment of dysfunctional metacognitive beliefs. The Penn State Worry Questionnaire (PSWQ; Meyer 
et al., 1990) was used to assess worry. The brief PSWQ (Topper et al., 2014) has five items that 
assess the degree to which individuals typically perseverate about upcoming life events, rated on 
a 1 to 5 Likert-type scale. The brief PSWQ has been observed to have adequate psychometric 
properties in terms of validity and test—retest reliability (Topper et al., 2014). The Ruminative 
Response Scale (RRS; Nolen-Hoeksema & Morrow, 1991) includes a brooding subscale comprising 
five items to assess responses to depressed mood. Respondents rate each item on a 1 to 4 Likert- 
type scale. Higher scores indicate higher levels of rumination. The RRS has good psychometric 
properties (Luminet, 2004). The Hopkins Symptom Checklist short form (HSCL-10; Nguyen et al.,  
1983) and its two subscales were used to assess levels of anxiety and depression symptoms. 
Respondents rate each item on a 1 to 4 Likert-type scale. Higher scores indicate higher levels of 
symptoms.

2.3. Statistical analyses
Network analyses were performed in R version 4.1.3 (R Core Team, 2013). All analysis codes and 
Supplementary Files are available on the Open Science Framework platform at osf.io/s7aq2. To 
respond to the first goal, a correlation matrix of MCQ–30 items was computed and used as input 
for a Gaussian Graphical Model (GGM). The network was estimated using qgraph (Epskamp et al.,  
2012), glasso (Friedman et al., 2014) and bootnet (Epskamp & Fried, 2018) for checking network 
accuracy and stability. Network components in this study are items from the MCQ–30 question
naire referred to as nodes. The connections between nodes are referred to as edges, representing 
partial correlations between two nodes, controlling for all other nodes. The first network structure 
contained the 30 items of the MCQ–30 questionnaire (30-item network). The one-step Expected 
Influence (EI) was calculated to determine which metacognitive belief was most central to the 
network, representing the relative importance of a node in the network (Robinaugh et al., 2016). 
The EI provides a more accurate estimate of node centrality compared to strength centrality, 
which only takes the absolute values of edges into account, while the EI accounts for both positive 
and negative values when the network structure contains positive and negative edges (McNally,  
2016; Robinaugh et al., 2016).
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To respond to the second goal, two network structures – second and third – were estimated as in 
a previous study (Armour et al., 2017). The second estimated network contained the addition of six 
covariates (i.e. age, gender, worry, rumination, anxiety, and depression; 36-item network). Then, all 
six covariates were removed from the adjacency matrix of the 36-item network, resulting in 
a modified network that contained the connections among 30 items, controlling for the six 
covariates. To estimate the third network structure, the adjacency matrix of the modified network 
(controlling for covariates) was subtracted from the adjacency matrix of the first network (not 
controlling for covariates). The resulting delta (third) network contained the difference between 
the first and second network structures. If the remaining edges in the delta network are few and 
weak, then the network structure of metacognitive beliefs (i.e. 30-item network) can be said to be 
stable and unchanged.

To respond to the third goal, we estimated a domain network of metacognitive beliefs and then 
computed a combined network comprising the five domains of MCQ–30, i.e. positive beliefs about 
worry – (POS), negative beliefs about the uncontrollability and corresponding danger of worry – 
(NEG), cognitive confidence – (CC), need for control – (NC) and cognitive self-consciousness – (CSC), 
the CAS (worry and rumination), and symptoms (anxiety and depression). The bridge expected 
influence (BEI) was computed to determine how the different domains of metacognitive beliefs are 
connected to the CAS and symptoms.

3. Results

3.1. The network structure of MCQ–30
The network structure of the MCQ–30 is displayed in Figure 1 (i.e. 30-item network structure). 
A couple of interesting features emerged from the way items clustered together. A visual inspec
tion shows that the items of the MCQ–30 appeared to cluster in clinically meaningful substructures, 
which corresponds to the subcomponents of the MCQ–30, namely, (i) cognitive confidence—CC, (ii) 
positive beliefs about worry—POS, (iii) need for control—NC, (iv) cognitive self-consciousness—CSC, 
and (v) negative beliefs about the uncontrollability and corresponding danger of worry—NEG. 
However, MCQ12 appeared to be placed far away from its cluster (i.e. cognitive self- 
consciousness). Interestingly, the NEG cluster appeared to subdivide into two smaller clusters 
comprising MCQ9, MCQ21, and MCQ11 as one smaller cluster and MCQ2, MCQ4, and MCQ15 as 
another smaller cluster. Thus, the network suggests that the negative beliefs about the 

Figure 1. A network of 30 items 
for the MCQ–30. Green edges 
(i.e. connections) represent 
positive associations and red 
edges represent negative asso
ciation. The thicker the connec
tion, the stronger the 
association between nodes.
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uncontrollability and corresponding danger of worry subcomponent might consist of two closely 
related but separate components.

The Expected Influence (EI) estimates for all items in the network structure are displayed in 
Figure 2. Among the first five highest EI items were MCQ26, MCQ21, MCQ30, MCQ9, and MCQ22. 
Among the lowest EI items were MCQ5, MCQ14, and MCQ12. This means that these are the first 
five highly connected (or ‘influential’) nodes in the network with the most influence and the least 
connected nodes with the least influence.

Figure 2. The expected influ
ence estimates for each item in 
the network structure of MCQ– 
30.

Figure 3. (a) The 36-item net
work structure containing the 
MCQ–30 and covariates. (b) The 
delta network for the MCQ–30.
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Results for the accuracy of the network structure and tests for significant differences between 
edges and node strengths are contained in the Supplementary Files (Fig. S1 to S3B).

3.2. The network structure of MCQ–30 with covariates
Figure 3A displays the network structure containing the covariates. The edges between age and 
MCQ3 (−0.08), MCQ6 (−0.8), MCQ7 (−0.06), MCQ13 (−0.01), MCQ22 (−0.02), and MCQ24 (−0.04) were 
all negative, which means that when controlling for the other items, older participants scored 
lower on these MCQ items. Women scored lower on MCQ22 (−0.19), MCQ25 (−0.01), and MCQ27 
(−0.087) but higher on MCQ7 (0.03), MCQ15 (0.06), MCQ21 (0.05), and MCQ24 (0.01). Women also 
scored higher on anxiety (0.05), rumination (0.12), and worry (0.19). Worry was positively con
nected with MCQ3 (0.02), MCQ4 (0.01), MCQ7 (0.08), MCQ9 (0.07), MCQ10 (0.01), MCQ11 (0.03), 
MCQ15 (0.08), and MCQ21 (0.10). Worry was also positively connected with rumination (0.15) and 
anxiety (0.20). Rumination was positively connected with MCQ3 (0.12), MCQ9 (0.09), MCQ15 (0.06), 
MCQ20 (0.05), MCQ7 (0.03), MCQ22 (0.01), and MCQ30 (0.04). Rumination and depression were 
positively connected (0.21). Anxiety was positively connected with MCQ2 (0.01), MCQ4 (0.06), MCQ9 
(0.08), and MCQ15 (0.05). Anxiety and depression were positively connected (0.39). Depression was 
positively connected with MCQ4 (0.06), MCQ9 (0.06), MCQ11 (0.01), MCQ17 (0.01), MCQ20 (0.09), 
MCQ25 (0.03), and MCQ30 (0.07).

3.3. The impact of covariates on the network structure of MCQ–30
Figure 3B displays the delta network, which estimates the difference between two network 
structures (i.e. one without controlling for covariates minus one controlling for covariates). The 
remaining connections in the delta network structure are few and weak (strongest connection was 
0.04). The sum of connections for the network without controlling for the covariates was 14.59, 
whereas the sum of connections for the network which controls for the covariates was 13.21, with 
the covariates accounting for only 9.0% of variance when included in the network. The correlation 
between the two network structures was very high at 0.93, supporting the claim that the network 
structure of the MCQ–30 did not change much.

3.4. Domain network structure of metacognitive beliefs
The domain network showed positive connections with especially strong connection between need 
for control and negative beliefs about the uncontrollability and corresponding danger of worry 
domains. The Expected Influence (EI) in descending order was as follows: need for control, negative 
beliefs about the uncontrollability and corresponding danger of worry, cognitive self-consciousness, 
cognitive confidence, and positive beliefs about worry, respectively. Need for control emerged as the 

Figure 4. Combined network 
structure of the domains of 
metacognitive beliefs, CAS 
(worry and rumination), and 
symptoms (anxiety and 
depression).
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most highly connected (or ‘influential’) domain of metacognitive beliefs, and positive beliefs about 
worry was the least influential domain in the mutual influence between the five domains of 
metacognitive beliefs. Figure S4A and S4B (in the Supplementary Files) displays the domain net
work structure of MCQ–30 and values of the EI, respectively. Results for the standardized estimates 
of betweenness, closeness and node strength centrality indices (Fig. S5), accuracy of network 
structure (Fig. S6A and B), and differences in edge weights (Fig. S7A) and node strengths (Fig. 
S7B) are also contained in the Supplementary Files.

3.5. Bridge connections in the combined network
The combined network structure is contained in Figure 4. Figure 5 shows the Bridge Expected 
Influence (BEI) values of the domains of metacognitive beliefs with respect to the CAS and 
symptom communities. Overall, the domains of metacognitive beliefs showed much higher BEI 
values with respect to CAS than symptoms. Negative beliefs about the uncontrollability and 
corresponding danger of worry emerged as the domain that strongly connects with worry followed 
by anxiety. Cognitive self-consciousness showed the strongest domain connection to rumination, 
while need for control showed the strongest connection to depression. Positive beliefs about worry 
were the least connected domain, mostly to the symptoms. Connections/edge weights between all 
components in the combined network are contained in the Supplementary files.

Figure 5. Bridge expected influ
ence estimates for the domains 
of metacognitive beliefs with 
respect worry, rumination, 
anxiety, and depression. BEI = 
Bridge expected influence.
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4. Discussion
To the best of our knowledge, only one study (Nordahl et al., 2022) has so far investigated the 
network structure of dysfunctional metacognitions, while no previous study has examined the 
stability of the network structure when adding relevant covariates in the domains of CAS strategies 
and symptom measures. Our goals to (i) test the replicability of the network structure of dysfunc
tional metacognitions, (ii) examine whether the network structure will remain unchanged when 
adding relevant covariates, and finally (iii) examine the connections between the different 
domains of metacognitive beliefs, CAS strategies, and symptoms, therefore, seemed fully war
ranted, adding to the small body of the literature and empirical corpus of the internal structure of 
dysfunctional metacognitions. There were several similarities between our results and the only 
previous network analysis of dysfunctional metacognitions (Nordahl et al., 2022). Consistent with 
previous study, the network structure replicated in our sample with some interesting features that 
correspond to clinically meaningful clusters in the metacognitive model. The metacognitive model 
hypothesizes five domains of dysfunctional metacognitions to which our findings accord very well. 
Of note, two novel insights into the clustering of items in the network structure of dysfunctional 
metacognitions deserve attention.

4.1. The network structure of dysfunctional metacognitions
The first goal of this study sought to replicate the network structure of dysfunctional metacogni
tions. First, we found that the six items that assess negative beliefs about the uncontrollability and 
corresponding danger of worry subdivided into two substructures of three items, exactly replicating 
findings in the previous study (Nordahl et al., 2022). MCQ2 (‘My worrying is dangerous for me’), 
MCQ4 (‘I could make myself sick with worrying’), MCQ15 (‘My worrying could make me go mad’), on 
the one hand, and MCQ9 (‘My worrying thoughts persists, no matter how I try to stop them’), MCQ11 
(‘I cannot ignore my worrying thoughts’), and MCQ21 (‘When I start worrying, I cannot stop’), on the 
other hand, were the two subdivisions. According to Nordahl et al. (2022), these two subdivisions 
are separate but closely connected subcomponents in the metacognitive model that 
corresponds to beliefs about ‘uncontrollability of worrying’ as one subcomponent and beliefs 
about the ‘danger of worrying’ as another subcomponent that can feature in the metacognitive 
model. According to metacognitive theory (Wells, 2009), uncontrollability beliefs should always be 
present in psychological disorders as they are the primary influence that prohibits disengagement 
from the CAS. Danger beliefs are typically present but may also depend on uncontrollability beliefs 
(e.g. if worry is under your control, how can it be dangerous?) In other words, while these beliefs 
are tightly connected, they conceptually represent separate belief domains.

Second, MCQ12 (‘I monitor my thoughts’) appeared to be placed further away from its cluster (i.e. 
cognitive self-consciousness), while in the previous study, this item (i.e. MCQ12) shared strong 
positive edges with items belonging to need for control cluster, which suggested that beliefs about 
the need to control thoughts are in some ways related to monitoring thoughts in order to detect 
and apply control (Nordahl et al., 2022). In our study, MCQ12 appeared to share positive edges with 
both clusters and its placement in a single cluster is therefore unclear. Applications like the 
Exploratory Graph Analysis (EGA; Golino & Epskamp, 2017; Golino et al., 2020) – using package 
‘EGAnet’ which estimates the number of dimensions using graphical lasso and a weighted network 
community detection algorithm may share further light in this regard.

Among the most influential items in our network were MCQ26 (‘I do not trust my memory’), 
MCQ21 (‘When I start worrying, I cannot stop’), MCQ30 (‘I constantly examine my thoughts’), MCQ9 
(‘My worrying thoughts persists, no matter how I try to stop them’), and MCQ22 ('I will be punished 
for not controlling certain thoughts’). Interestingly, MCQ9, MCQ26, and MCQ30 also emerged as very 
strongly connected items in the previous study. The following items, MCQ1 (‘Worrying helps me to 
avoid problems in the future’), MCQ14 (‘My memory can mislead me at times’’), and MCQ24 (‘I have 
little confidence in my memory for places’) were among the least influential, both in the previous 
and current studies. Our findings thus echo findings from the prior study and could highlight the 
clinical importance of beliefs about MCQ9 (‘My worrying thoughts persists, no matter how I try to 
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stop them’), MCQ26 (‘I do not trust my memory’), and MCQ30 (‘I constantly examine my thoughts’), 
which in this case, are potential targets for treatment planning to achieve the largest impact on 
the whole network structure (or a global and effective metacognitive change) while targeting 
MCQ1 (‘Worrying helps me to avoid problems in the future‘), MCQ14 (‘My memory can mislead me at 
times’), and MCQ24 (‘I have little confidence in my memory for places’) may not have as much 
global impact for effective metacognitive change. This should, however, be interpreted with some 
caution since our sample in this study are non-clinical participants.

Predictions in the network were relatively good with mean node predictability indicating 83% 
shared variance on average. Unsurprisingly, MCQ21 (‘When I start worrying, I cannot stop’) 
accounted for the largest shared variance (97.7%) when considering interconnectedness in the 
network structure, indicating how much it is influenced by all other items it shares connections. As 
noted by Nordahl et al. (2022), the intended conceptual overlap within the MCQ–30 scale means 
that high amounts of shared variance are not surprising, but more importantly, we believe that this 
finding highlights beliefs about uncontrollability and persistence of worrying as highly connecting 
different dysfunctional metacognitions that give it a prominent role in psychological disorders. 
Thus, as is the case with metacognitive therapy (Wells, 2009), interventions should seek to address 
uncontrollability beliefs from the beginning with means to achieve the most impact on all dysfunc
tional metacognitions.

4.2. The network structure of dysfunctional metacognitions with covariates and conceptual 
relatedness between metacognition, CAS strategies, and symptoms
The second goal of this study examined whether the network structure will remain unchanged 
when adding relevant covariates (e.g. in the domains of cognition and symptoms). The results 
corroborate previous studies which have reported lower scores for older participants and higher 
scores for younger participants (Grøtte et al., 2016; Spada et al., 2008). In terms of gender, we 
found that women compared to men scored lower on items mostly belonging to the need for 
control but higher on items belonging to negative and positive metacognitive beliefs as well as on 
the levels of worry, rumination, and anxiety in support of other studies (Johnson & Whisman, 2013; 
Nolen-Hoeksema, 2012). According to the Response Style Theory (RST; Nolen-Hoeksema, 1987,  
1991), women have a greater tendency to ruminate, which feeds into higher symptom levels 
(Nolen-Hoeksema, 2012). The question that arises is why do women have a greater tendency to 
ruminate? We found that women scored higher on items belonging to negative and positive 
metacognitive beliefs, which from a metacognitive perspective may explain the corresponding 
higher scores on worry, rumination, and anxiety since endorsing negative and positive meta-beliefs 
are important for CAS and symptoms. Worry, rumination, anxiety, and depression were positively 
interrelated, supporting ample evidence in the literature (e.g. Anyan et al., 2020a, 2020b).

The inclusion of covariates in the form of CAS strategies and symptoms in the network structure 
of dysfunctional metacognitions also meant that we could examine the conceptual relatedness or 
overlap between these variables and thus differentiate relations between metacognition, CAS 
strategies, and symptoms. If metacognitive beliefs are not conceptually different from CAS stra
tegies or symptoms, we would observe greater overlap and variance explained in the network 
containing the covariates. However, not much variance was explained, and the original network 
structure of dysfunctional metacognitions was unchanged and highly comparable to the network 
structure controlling for covariates, supporting the assertion that metacognitive beliefs is related 
to but not the same as CAS strategies and symptoms and that these components may belong to 
different levels of the cognitive architecture (i.e. meta-level and cognitive level) (Wells, 2019).

4.3. Different sets of dysfunctional metacognitions are related differently to CAS strategies 
and symptoms
For the third goal of this study, we investigated how domains of dysfunctional metacognitions are 
linked differently to CAS strategies and symptoms. Domains of dysfunctional metacognitions 
showed various connections to both CAS strategies (worry and rumination) and symptoms (anxiety 
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and depression), but the strongest connection emerged with the community of items measuring 
worry followed by anxiety, rumination, and depression, respectively. Specifically, negative beliefs 
about the uncontrollability and corresponding danger of worry was more robustly connected to both 
worry and anxiety as evidenced by its nodes’ higher BEI values in reference to those two commu
nities. Cognitive self-consciousness showed the strongest connection to rumination, while need for 
control showed the strongest connection to depression. These observations are interesting as 
metacognitive models of worry and generalized anxiety (Wells, 1995) place uncontrollability 
beliefs as the most important belief domain for worry and anxiety, while meta-awareness and 
cognitive flexibility are formulated and targeted from the start of treatment in metacognitive 
therapy for depression (Wells, 2009). Patients with depression may rely on misdirected control 
through strategies because beliefs about uncontrollability reduce their efforts to exercise direct 
mental control over rumination. Cognitive self-consciousness may be specifically linked to perse
verative rumination as it is an indicator of heightened self-attention and preoccupation with 
cognitive events. While these results can help us to understand how dysfunctional meta- 
domains relate to CAS strategies and symptoms, we cannot generalize our conclusions to mean 
that they significantly differentiate between symptoms or disorder domains as concluded in 
a recent meta-analysis (Sun et al., 2020) which included clinical samples unlike our study.

In the domain network, need for control showed the highest value across all centrality measures, 
with the strongest connection to negative beliefs about the uncontrollability and corresponding 
danger of worry. We observed only positive connections in the domain network structure and 
especially strong connections between need for control and negative beliefs about the uncontroll
ability and corresponding danger of worry, supporting the assertion that different sets of dysfunc
tional metacognitions may coexist and mutually reinforce each other across subcategories. 
Nordahl et al. (2022) noted that high mutual influence between the domains could mean that if 
an individual endorses one cluster of dysfunctional metacognitions, there is a chance that the 
endorsed cluster might interact with neighbouring clusters. As such, an individual presenting with 
high need for control may also show high levels of negative beliefs about the uncontrollability and 
corresponding danger of worry. This finding also reemphasises the key role of beliefs about 
uncontrollability and the failure to disengage negative processing in the metacognitive model 
(Wells, 2019). Broad connections of negative beliefs about the uncontrollability and corresponding 
danger of worry to the CAS and symptom communities could further stress the ubiquity of 
uncontrollability and harmfulness of cognition having greater global impacts, not only in the 
mutual influences between domains of dysfunctional metacognitions but also in the initiation 
and maintenance of psychological disorders. According to S-REF, CAS involves a universal style of 
extended and repetitive processing of self-relevant information that is caused by either declarative 
or procedural metacognitive knowledge (See Wells, 1995, 2019 for more), with impacts on symp
toms (Wells, 2019). Our explanation that need for control and negative beliefs about the uncon
trollability and corresponding danger of worry highlight greater impact converges with notable 
propositions in the S-REF, which says that interference with effective control as results of beliefs 
about uncontrollability and harmfulness of cognition can lead to ‘omnipresent threat from an 
internal process of cognition itself’ and thus ‘of greater causal significance in [psychological] 
disorders’ (Wells, 1995, p. 3).

4.4. Clinical implications of the findings
The fact that need for control showed the highest index across strength, closeness, and between
ness in both previous and (also highest EI values) current studies may further highlight its clinical 
importance in effective metacognitive change. Targeting a central domain with high closeness 
(e.g. need for control) means that it can affect changes in the network quickly and can also be 
affected quickly by changes in any part of the network, making need for control a potential 
candidate in targeted interventions for effective metacognitive change. In terms of interventions 
and treatment planning, our findings align with the goals of Metacognitive therapy (MCT; Wells,  
2009) and its techniques. Techniques such as Detached Mindfulness (DM; Wells, 2005) and 
Attentional Training Technique (ATT; Wells, 1990) are introduced early in the treatment in order 
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to target and modify cognitive inflexibility and beliefs about uncontrollability. In conjunction with 
our results, need for control and negative beliefs about uncontrollability and corresponding danger 
of worry along with specific beliefs related to distrusting one’s memory, inability to stop worrying, 
and the persistence of thoughts as the most influential in the network mean that helping patients 
to discover flexibility in cognitive control and trust in their minds to self-regulate accords with the 
existing body of theory and intervention goals in metacognitive therapy (Wells, 2009). It has also 
been evidenced in intervention studies that changes in beliefs about the need for control (Sunde 
et al., 2021) and uncontrollability and danger of worrying (Nordahl et al., 2017; Johnson et al., 2018; 
Solem et al., 2009) are associated with symptom improvements and with improved functioning 
and quality of life (Muñoz-Navarro et al., 2022) in individuals with common mental disorders.

4.5. Limitations of the study
Several limitations should be considered when interpreting our findings. Cross-sectional network 
analysis precludes any prospects of causal interpretations in our study. Analysis of the overlap 
between metacognitive beliefs, cognitive strategies, and symptoms did not include formal testing 
for statistically significant differences between their network structures. Hence, the results pertain
ing to their overlap and separability should be taken with caution. Furthermore, only brief scales of 
measures of cognitive strategies and symptoms were used in this study. Using the full scales could 
substantially impact the results and interpretations. Different centrality measures can lead to 
different interpretations under different circumstances with important implications. For example, 
degree centrality measures the number of connections of an item, whereas the strength centrality 
is the sum of connections of an item. An item which has a high degree simply means that it has 
a high number of connections, which does not necessarily make that item the most important in 
the network if another item has a high strength even with few connections. Thus, an item could 
have many weak connections, while another item could have few but strong connections, making 
the latter item more important in the network in terms of the strength of connections.

Furthermore, the strength centrality does not take into account negative connections. As such, 
in a network which has negative connections, the EI is a better centrality measure. However, the 
expected influence could also be less relevant when a researcher is interested in an item that both 
directly and indirectly connects other items via the shortest average distance in the network 
structure (i.e. closeness). In our study, MCQ26 has the highest EI value, but MCQ22 has the highest 
closeness value. An item with high closeness means that it can affect changes in the network 
quickly and can also be affected quickly by changes in any part of the network, making MCQ22 
more important, assuming you want to spread activation in the network via the shortest distance. 
Theoretical interpretability should therefore guide the utility of network analysis for applied 
practice and the fidelity of findings.

Data were gathered in a convenient sample and does not generalize to clinical populations. The 
network structure and connectivity may look different in different samples and may potentially 
vary between diagnostic groups. In addition, the MCQ-30 is a measure of generic metacognitions 
concerning worry, and it could be that a measure assessing other metacognitive items or domains 
such as metacognitions about rumination could provide more specific information about relevant 
metacognitive domains for rumination and depression. These are areas for further investigation.

5. Conclusion
The network structure of dysfunctional metacognitions was very well replicated with the clustering 
of items corresponding to clinically meaningful substructures and a division of uncontrollability 
and corresponding danger of worry into beliefs about uncontrollability of worry and danger of worry 
subcomponents. Comparing the network structures of metacognitive beliefs, CAS and symptoms 
point to suggest that these components may belong to different levels of the cognitive architec
ture. Negative metacognitive beliefs and beliefs about (un)controllability might have more promi
nent functional significance in the mutual connections of dysfunctional meta-domains as well as 
with CAS and symptoms. For worry and anxiety, negative beliefs about the uncontrollability and 
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corresponding danger of worry were more prominent. For rumination, cognitive self-consciousness 
was more prominent, whereas for depression, need for control was more prominent. The notion 
that dysfunctional metacognitions form a network structure provides a new answer to an old 
question of whether dysfunctional metacognitions are merely reflective of an underlying latent 
cause whose indicators are functionally independent when conditionalizing on the latent cause. 
The network structure perspective brings into relief how different sets of metacognitive beliefs 
interact and reinforce each other, empirically determine the most influential dysfunctional meta
cognition, and identify which sets of metacognitive beliefs strongly connects with CAS strategies 
and symptoms in a complex system of combined networks.
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